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PREFACE TO THE ENGLISH TRANSLATION

Smce the ongmal publication of the Serum Siwckness, 45 years have
elapsed It took a long time before the medical world realized the funda-
mental value of these studies What 13 now called Allergy 15 based on ob
servations pubhshed m this book However von Pirguet did not com the
term Allergy untd 1906

Dunng the last two decades many physicrans have tried to acquire a
copy of the ongmal edition of Die Serumkrankhett It became more and
more difficult to obtam a copy Furthermore the English speaking physi-
cians expenienced duifficulties mn getting correct information from the book
written 1n German I was frequently esked where one might borrow a copy
of the Serum Sickness book I often thought that 1t would be advisable to
translate the book mto English but I hesitated to do 1t, because transla-
tions are difficult and tume consuming Such time could better be used for
an orgmal work It was not until the publishing firm, The Wilhams and
‘Willuns Company, approached me with the request for g translation that
T consented to do 1t, influenced by the belief that I owed 1t to my dear
friend von Prrquet that I should translate this work

Thus 1t 15 now accomplished and I have the hope that 1t will assist 1
the clarification of the fundamental work upon which was founded Allergy
apd that 1t will shed hight upon the greatness of Pirquet who was, all the
time these studies were made, completely aware of all the ramifications
that would arse from these basic observations

It 13 & great satisfaction to me and was hikewise to Pirguet dunng hus bfe
that not only were the clucal observations complete but also that the
theoretical 1deas stood the test of tume

The theory that the interaction between antigen and antibody 1s re-
sponsible for the onset and course of serum sickness 1s still the theory best
sutted for nts exp]anatlon That the breaking down of foreign protem by

4 the toxic phase 1s still accepted
It must be stressed that the existence and behavior of the incubation tme
gave the key which opened the secret lock on the closet where the solution

of 50 many and problems lay hidden
Many other problems mentioned i Serum Sichness were later elaborated
by Pirguet, see va measles, tubercul ete It 1s not necessary

for me to say that Pirguet 1s really the father of all skin testing The tuber
culin test 1s a logical evolution of the 1deas of the genws, Pirquet All our
allergy tests and almost everything what we know about allergic disenses
have their omgin 1n the observations m serum sickness which contam
passive transfer and serum sickness m “reverse ”

vu



Vi SERUM BICENESS

For some time I had the to b lation of Serum
Stck with d the progress \vh:ch has been attaied
during the 45 years simce 1t pubhcntmn It would have been a very difficult
task because several th have app d Here 1t 18 1m

possible to report the evolution of allergy n greater detail I wish merely
to mention some other concepts concermung the theory of allergy and hyp
erergic (anaphylactic) reaction One of these coneepts advocated by French
mvestigators (Villaret, Vallery Radot and others) 1s to the effect that the
symptoms of allergy may depend upon an excess of acetylcholin or upon
some disturbance m 1ts normal breakdown by the cholin esterase Urbach
contends that acetycholine and simlar substances are formed as the end
results and not diately by the it of antigen and antibody
Endotoxin and proteictoxin may hkewise liberate or produce these sub-
stances from the cells Histamine may be one of the protetctoxins ansing
during the antigen antibody nteraction but not the only one However
histamine may be also iberated from the cells through the irnteting effect
of other substances produced by the antigen antibody interaction The
histamine theory led to the use of anti histamine drugs (Benadryl, and
Pyrbenzamine, etc) which have been especially effective agamst hives
Lately they are also used agamnst “allergic colds’ Histamine cannot suffi-
clently explam all sllerglc reactions
Doerr 13 the t of the “pt " theory as the basis
of anaphylactic shoch He that the and bodies, sub
stances of lugh molecular weight react on the cell membrane but do not
penetrate 1t The consequence 13 that physico chemical changes are st
tuted which act s an rmitant to the cells Accordng to Bronfenbrenner the
mteraction between antigen antibody serves to disturb the delicate ad
Justment of collowdal conditions existing m the serum as well as at the
surface of the tissue cells Widal looks upon anaphylactic shock as repre
senting & disturbance of the colloidal balance He and his school designate
the changes of the colloids 1n the blood as “hemoclastic ensis' and those
1n the tissues as “colloidoclasia ”’ Lumidre, on the contrary, explaing the
nature of anaphylactic (hyperergic) phenomena on the basis of mvisible
flocculation occurnng m the blood stream of allergic individuals as the
encounter between antigen and serum antlbody These various theories
may have an n exp phylactic (hyp!
ghock, but cannot be used as an expl of all nl]ergw ) In
atmost all of the theories the interaction between antigen and antibody
pIn)s & promment role
dst made an d bution to ct 1 allergy when
he demonstmwd the attach of aimple ch 1 ds to the
protem of the organism, creating in this way an antigen (Forcsman antigen)
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‘There are numerous publications which are helpful to physteians m therr
study of the later phases m the development of allergy
Cooxp R A Allergy in Theory and practice W B Saunders Company 1947

Doere R Arch Derm & Syplulol 181 7 1926
Allergic Phenomena Handbook of Normal and Fath Physiology 13 650

1929

Allergy and Anaphylaxy Hdb Path Microorg ad31 part 2 750 1929

MarermoseEr E  Purquet s Allergie begniff uad seine Entwicklung Erg Inn Med
&Kind 241 271

Pirquer v Allergy Erg Inn Med &TFund I 420 1908and V 459 1910

Ehnsche Studien ueber Vaccinat ont und vacemale Allergre M Med W
53 457 1906

Rrcm A R anp Gezeorr T E E 1
nodoss 1s 5 man festation of hypersensit ity Bull Johns Hopkms Hosp 72
65 1943

Experimental evidence that lesions with the bas ¢ characteristics

of rheumatic earditia can result from ansphylsctie bypersensitiity Bull

Johng Hopking Hosp 73 239 1943

Role of hypersensitivity 1n pertarteritis nodosa ete Bull Johns Hopkins
Hosp 71 123 1942

Scaiex B Allergy and immumty Jour Mt § nai Hosp XIV 3 1047

Urbach anp Gorriaes Allergy Grune and Stratton New York 1943 and 1048
(With over 2260 references )
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INTRODUCTION

The mtroduetion of foreign blood and foreign protein 1 a way other than
through the gastromtestial tract 1s nothing new Particularly transfusions,
consisting of the transmission of blood of one mdividual mto the errcula-
tion of anather idividual, were used as & therapeutic measure for some
time Ongmnally the most vamed diseases were treated with this method
It can be stated with certamty that the first direct and successful transfu
sion was carned out with lamb blood on June 15 1667 by Dems, quoted
by Landoms 1 an article on T m Eulenberg R pedia
3rd Edibion

These transfusions with Jamb blood seem to have given no outstanding
results As early as 1691 Jungker said that he could not obtain satisfactory
effects and 1 1763 Herster found that “unfortunately only a few patients
experienced the expected help and very much noise was made 1n the be
gmning, but &t present one hears very little of 1t.’

At the begmming of the last century experments with transfusion of
lamb blood were again made As promment mdications, acute anemia and

were d These 1} of lamb blood
were soon found to be very dangerous Frequently high fever up to 106°
Was observed half an hour after the mjection Also embolie symptoms,
h and h lobinuria called for caution The cause of these
comphications and the whole scientific basis of the doctrine of transfusions
were discussed and partly elanfied only m 1873 by Landms and by Pen
fick 1n 1875 These authors pomted out that the blood cells of ammals are
dissolved m the i’ blood of the recip Naunyn and Francken
showed that coagulation occurs if one brings dissolved hemoglobm into
the circulation Many leukocytes are destroyed by the dissolved hemo-
globin Thus generators of fibrn are set free, creating fibnin Through ex
tensive coagulation death may be caused by asphyxia

We do nothing further than mention these symptoms appearing imme-
diately after transfusions of foreign blood, because they have nothmg to
do with serum disease &s such Of much more imnterest to our problem 1s
the fact that as early as about 1870 observers noted urticaria eruptions
several days after the transfusion Dallera (Consideraziom: e cast chmer
a f del sangue, T1 M disp , 7: 1874) reported that & female
patient suffermg with “hystenc mamnia” broke out with an urticans erup-

t10m all over her body ten days after a transfuson On that day her blood
still contamed the injected red cells of the ammal
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Neudoerfer (Contributions to Blood Transf Zetschr { Chir, Bd
6) noted that urticama frequently appeared after o blood transfusion
Landois also saw eruptions of urticana after transfusions

On account of the severe damage caused by tranfusions of lamb blood,
transfusions of anumal blood have been almost entirely given up and we
do not expect that the newly performed experments of Domima (Wr
Med Woch , 1895) will revave the use of lamb blood

After lamb blood transfusions milk transfusions were tned for & while,
particularly n England This therapy soon disappeared The final opimon
of that time 1s best expressed by the words of Montard, Martin and Richet
who say (Injections intravenouses de lait et de suere, Soc de Biol, 26 7,
1879) As therapy mulk transiusmn 15 useless and dangerous and slmuld

h be absolutely d' Also the subcutaneous and mntra
perntoneal mjection of blnod and milk did not find any followers

After the lJamb blood tranfusions had been more and more replaced by
infusions with sodum chlonide and by transfusions with defibnnated
human blood there was no reason to discuss further the danger and disad
wantages of transfusion of foreign blood or serum The method and its
danger were forgotten

The situation changed m 1894 with the rapidly mncreasing use of diph
thena antitoan, which was prepared by the immumnization of horses with
diphthena touin Neither red cells nor fibrin were 1njected Furthermore
the wyections were made subeut ly rather than nously and
the amount of the mjected foreign protein was much smaller This was the
reason why, m the majonty of cases, no bad effect was noted

Lublinsht (An After Effect of Antitoxin in Treatment of Diphtheria,”
Deutsch Med Wo, 1894 45. 1847) was the first to publish a case deserib-
g o rash after injection of diphthenaserum As the title of the publication
mdicates, Lublinsh1 thought that the symptoms were due to the antitoun
content of the serum

On the second and third day of the dizease an eight year old mrl recetved threo
doses of 10 cc Behring 8 diphthena antitoun  On the fifth day a red inflammatory
halo appeared around the mte of 1njection Nine days after the last injection mulfs
ple and very patnful swellings of the mmts developed nccnmpamed by high tcmpou
ture and s macular rash t ythem:
aptensive symptoms lasted four days th the disappearauco of the rash pan u\d
awclling of the joints receded

In the very next issue of the Deutsche Medizmsche Wockenschnit,
Seholz deseribed similar symptoms 1n two children and in a physician who
developed urticana after a prophylactic injection The wife of the phys:
can, also injected, suffered intensive pamn i many Jomts
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Suceeeding authors were Cnynm,‘ Asch 2 Rembold! and Treymonn® At
this time a great number of p d m rapd
which made 1t more and more certam that the unplezsant symptoms due
to diphthera serum were relatively msigmuficant One became accustomed
to accept them without further ado Thus almost every publeation con
cerned with diphthena serum ended with the mention of the occurrence
of rashes and other annoying conditions As far as the cause of these symp-
toms was concerned, the optmon was frequently expressed that the serum
may contam toxie substances At that time Heubner and Bokay expressed
their suspicion that serum rashes may be due to substances m the serum
of the anima) different from the antitoun Johannesen proved experiment-
ally that the agents in the horse serum whach produces the swekness must be the
horse serum stself, t ¢ the forewgn protein, as the same symptoms Were seent
mn persons not suffering from diphthenia who were injected with normal
horse serum In twenty-two mdividuals fever developed eight tunes, skin
rashes twelve times

Sévestre (Soc Med des Hopitaux, 31. 8, 196) thought that only those
rashes which appeared between eight and ten days after injection were
due to the serum 1tself The later symptoms, particularly the morbilli-
like rashes d by high he thought were the effect
of a streptococer mfeetion However, even at that time Neler disagreed
with him 1 the diseussion, stating that also the last mentroned symptoms
are due to the serum, as he saw the same symptoms when he used horse
serum 1 cases of pneumoms and tuberculosts Sévestres theory 13 at
present supported only by Marfan (Soc Méd Hép, 24: 3, 05), whereas
we and all other authors share the opimion of Johannesen and Neter
Monhi, who at first agreed with Sévestre, retracted this opinion after he
83w the same symptoms follow an 1njection of pure and sterile horse serumx
Almost 21l authors agreed that the damage due to serum injections was,
as a whole, small This opimon prevailed m spite of the fact that from time
fo time severe cases of sickness and even death occurred 1o connection
with serum 1mjections Gotislern (Ther Monatsh, 5+ 96) pubhshed, besides
the famous Langerhans case, exght deaths 1n diphthena patients and four
deaths among other patients Since this publication only a few fatal cases
have been reported Subjected to a cntieal examnation, all these fatal
casesjmay be differently explained These observations were not allowed to
interfere With the victorious extenston of the use of diphthena antitoan

1Deutsche med Woch Nr 48 1804

*Ber]l khin Woch Nr 51 1804

* Deutache med Woch 51 1834

4 A cage of acute hemorrhagie Nephritis following the use of diphtheria-gerum of
Behring However, this case was not accepted by the entic
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Among all of the symp foll g Serum 1n the occurrence
of rashes was so prevalent that all symptoms were named Serumezanthema
Knowledge about serum exanthema was greatly advanced by the publh-
cations of Hartung (Serum Exanthems, in Diphthena Jahrb f Kmnderh,
1896, 72) and Daul (§ of Serum E: h Jahrb { Kinderh,
Bd 44, 1897,289 ) These publications appertamed to the mdindual symp-
toms and therr frequency At first Harlung gave a complete survey of
the literature to date From the statistics of the Kaserl Gesundhertsamt
he collected 4358 cases of serum 1njections and from other statisties 2661
cases Lxanthema occurred 1n 8 19 and 114%, respectively of the cases
He concluded that the f depend pally upon the senal num-
bers (that 15 upon the mdindusl differences of the horses) and not upon
the amount of the injected serum nor upon the amount, of antitox:n Her-
tung discusses the period of the meut time ty Its durat
also seems to depend upon the sort of serum used He does not try ta ex-
plam the mcubation pemod He divides the exanthemsta into different
groups and thoroughly discusses a number of other symptoms
Daut arnves at sinular results He describes 38 cases of serum exanthe
mata i 339 cases njected He too observed that certam hands of serum
produced rashes more frequently then did other lunds He stresses the
general scientific importance of the symptoms of serum exanthems Both
authors pont out the peculiar fact that these symptoms preferably appear
on certamn so-called cnitical days It was ascertamed that the symptoms of
serum 3 showed with ts of
serum mjected This observation was taken inta consideration n the manu-
facture of diphthena serum, since 1t was desired to attempt an inerease i
the concentration of the antitoxin of the serum Furthermore after Buywid
called attention to the toxicity of fresh horse serum, 1t was recommended
that only serum stored for a longer period should be used for therapeutic
measures From now on the frequency of rashes after serum mjection de-
creased perceptibly But at the same time the interest of physicians 1
these symptoms lessened before the cause of the symptoms were sufficiently
! d Only iy did publ sbout serum exanthems
appear, and then they were most frequently for the purpose of discusaing
their 1 the duff 1 diagy of scarlet fever and measies
To 1902 Rutter von Ruttersharn wrote (Jahrb { Kind, vol 55) as the
first sentence of hus conclumons “The serum exanthemata occur pot only
less frequently (645% agamst 22% m 1897) but have become m every
respect less barmful  The same nuthor reports 1221 cases of diphthena
patients mjected with serum and agrees in the main with the findings of
Hartung and Daut He remarks espeeisily about the difficulty of differen-
tisting scarlatimform rashes of scrum exanthema from searlet fever rashes
Only 1n the last years has more sttention been pad to serum symptoms
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This is due to the fact that serum therapy has been extended to other dis
eases (sepsis, rheumatism, dysentery, scarletfever), in the treatment of
whieh larger doses of serum were usually used Furthermore, biological
research made 1t possible for us to mvestigate the fate of the mjected serum
and, to a certam extent, to study the changes wiich developed in the m
Jected organism

F Hamburger and Moro showed (Wiener kin Wo , 1903, Nr 15) that
not only ammals but also human beings produce precipitms after an m-
Jection of foreign serum F Hamburger studied m & further work (Artei-
genhert und Assimilstion, Wien, Deuticke, 1903) the great difference be
tween parenteral and enteral mtroduction of foreign protem He tred to
explain why the foreign protemn 1s assumlated of taken by the normal
physiologeal route, whereas if duced 1 the phyl Iy abnor-
mal way of 1t d bodies and m
the form of disease

Von Dungern (The Antibodies, Jepa, Verlag Fischer, 1903), Arthus
{Comptes rendus de la Soc de biol, 20, 6, 1903), Kraus and Levadits
{Comptes rendus de V'acaderme des sciences, 5: IV, 4, 1903) and we were
able to use ammal experimentation m order to get an sight mnto the
changes 1n the org: after serum As far as the m
human bemgs are concerned the department of Scarlet Fever and Diph
theria in the St Anna Children’s Hopital gave us ample matenal for the
study of serum exanthema The vanety of the symptoms, which never-
theless belong all to one disease entity, deserves renewed interest, particu
larly as the disease has findings which are very valuable for pathology as
a whole

Besides the possibility of following the fate of the mjected serum and the
reaction of the organism fo 1t, we have, m the study of this disease, the
further advantage that we are able to vary volunt:mly the amount of the
pathogeme ngents We have abandoned the exp “serum 3
{Zur Theorse der Inkubationszeit, Wiener ki Wo , 1903, Nr 45) because
we think that this name could easily lead to the sdea that the rash was the
most important symptom of the d)sease 10 1ts place we have proposed the
name “serum disease” or “‘ser " For of this change
we shall bring proof

Francions has already accepted this name 1n his last pubheation (La
Malattia da Stero, Archivio di Biologia normale e patologia, Bd 58 Sept
Okt , 1904)

‘We are very grateful to our revered chuef, Prof Escherich, and also to
Doz Moser for their great mterest m the progress of our study We also
thank Dis J Hericka, E Lazar, E Fromm, and v Reuss for their help
1 some of the mvestigations

4

Vienna Tuns 1005



Casrree I
CLINICAL ASPECTS OF SERUM SICKNESS

Gexeesn Crunviear Prervee

Subcutzneus mjection of serum produces smaller or larger swellng
accardng to the amoant of serum mjected. The absorption takes more
tume than the abcorption of the same amount of a phv=iolopeal NaCl
solution, because the serum 1> more viscow. But even 200 cc of serum are
completelv ab-orbed after 21 to 48 hours 4s a rule no other changes can
be observed than local tenderness Durng the followmg days the site of
1mjection does not show any reaction, the general wellbemng 1s not dicturbed.
Nothing pomts to the fact that a foreign sub<tance 1s present m the svstem,
which will lead to diesse Most frequently the symptoms of disease start
suddenly between § and 12 davs after the mjection.

Only occamonally may prodromal symtoms be found several days pre-
ceding the real onset of the disease. The sk 1s sensitive to shight imtation.
Indirtinet redness 1s seen at the site of the mjection. The perghborbood
1> 3 bitle red and 1tches The mo=t constant prodromal svmptom 152 shght
«welling of the remonal Iymph nodes

At this time the disease proper starts with an eruption of <kin manifes
tations which almost alwavs belong to the urticana group Generally
they are at firet seen at the site of the njection and 1ts neizhborkood The
rash spreads rapidly over the body and 15 frequently found at the same tune
1 symmetneal remons The erup*ing hives are partly pale, partly <ur
rounded by a red halo, the latter 1 seen particularly 1f the patient seratches
2 great deal. If the ernption of hives 1s very dense they may become con
fluent, then the whole environment appears mfltrated by edems The
edems may disfgure the face The mtensive stching males the patient
restless and uohappy

All eruptions disappear quickly, the smgle urtica lasting only several
hours, the who'e eruption of hives rarely longer than 2 to 3 days A regular
sequente 1 the further development of the tash, as m smallpox or measles,
can not be seen.

JMeanwhile the tempeature hss nsen to a more or less high figure, bemg
a sgp of the parhapation of the rest of the orgamm. The sepsorum
ho-vever 1> free, the pulse ds to the temp the qualty of
the pulse 15 good. Bemdes this sequence of symptoms which makes the
peme “serLm exanthema’ as 2 designstion of the svmptom complex

plausible, other symptoms appear We have already mentioned that the
1ytoph nodes, remanal to the site of the injection, become large” during the
6
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period of meubation This swelling ncreases rapidly with the onset of the
temperature and the rash and may later spread to other lymph glands of
the organism The swelling 1s panful with or without pressure The lymph
nodes become smaller after the other symptoms of the disease have passed
the height of therr mtensity The decreasing glandular swelling 15, therefore,
2 valuable prognostic symptom, mdicating that the end of the serum sick-
ness 18 approaching The behavior of the kidney function and the appear-
ance of edema deserve special attention The latter 1s almost always present
as a typical symptom The edema 1s not only visible but can be ob
1echve1y determined by taking the body weight daily, a method for the
of edema d by Pirquet m nephntis With the

onset, of the disease the curve of the body wetght nses m spite of fever and
diminished ntake of food The mauimum of the weight eurve comcides,
as a rule, With the maximum of the symptoms of the disease If the edema
reaches & certam mtensity 1t can be seen with the naked eye or demon
strated by pressure with the finger In 1ts localization, the edema resembles
more or less the nephnitic edema However as there are usually no abnor-
mal findings m the urne, even m cases of mtensive edema, nothing nd1
cates an 1nvolvement of the kidney Only in the minonty of cases 1s albu
men found in the urine several days after the onset of edema The amount
of albumen 13 always small Never was 1t more than £ pro nulle The sedt-
mentigscarce Most frequently one finds only a few hyalne casts and some
red blood corpuscles The amount of urme 1s less at the time of the nise m
weight but never reaches anuria

Wheteas the d are tant all other p are
less frequent Only the joint pam should be mentioned which due to its
mjury to the patient’s general well-bemg was noticed from the beginning
s one of the most striking symptoms We shall deal later m special chap
ters with the vanety of rashes, with the seldom observed symptoms on the
mucous membrane and with the blood findings

When the disease 1s of short duration the general well bemg 18 usually
httle disturbed and indeed 13 1n marked contrast to the frequently high
fever However there are cases which, after an mjection of a large amount
of serum, lasted four to five weeks In such cases severe prostration and
mtensive emaciation mey ensue At the end of the disease convalescence
sets 1 and with a rapid ncrease of weight, all symptoms of the sickness
disappear No after effects are observed and one of the mndividual symp-
toms lead to a permanent damage A fatality for which the serum could be
constdered the cause we never saw At most 1t might be considered whether
or not, m an ongmally serious disease, where serum treatment 18 necessary,
the last remnant of resistance may not have been destroyed by the addition
of the serum sichness
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A description of the general picture of serum sickness affords great difi
culty not only because of the changing forms of the symptoms, but also
because of the dependence of the imtensity of the disease upon mdimidusl
differences on the one side and on the other hand vpon the hind and amount
of the serum njected Cases of serum «ickness which are from a practical
pomt of vew the most important because they occur most frequently, are
cases of a rudimentary character showing only one or another symptom,
most often fever and a rash The follomng tiwo cases constitute an illustrs
hon that the same serum gren mn the same amount with the same family

th siblings—has as a result sumlar symptoms

G Leopold 10 yesrs admitted on 12/9/02 on account of Pharynx D phthena
On 12/9 1000 Antitoxin umts (8 cc ) Diphtheria eerum On 12/13 the mermbranes

Days T 78 4]

Tergpera ur 37

Exonthem
MINERE] N
N 7
P 5
3t e s

FH
 Exan Wy
L i K|

Crsrr I

1n the pharynx had already disappeared Dumng the first 5 days the child had no
fever

On the 6th day nise 1n temperature to 39.8°C Pain in the shoulder joints Aspinn
05¢g without influence On the 7th dav after the recent rise 1n temperature to over
40°C an eruption of urticania appesred around the s te of the iyjectsion Pamn mn
the shoulder joints dimmshing Fighth dsy sfter s remussion of the fever ta 3™
1n the mormng a sudden nise 1 temperature to40° After that no further svoptoms
(Chart )

On the chart the temperature 1nduced by serum sickness 1 msrhed as » black field

G Rosu 6—)‘ea.r old !ls(er of Leopeld also admutted mth Phar)'nx D phthens
s - N tha feh A1y

s

'
. )
e
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In axtlla ro Iymph nodes that eould be felt, m the growms they were lentil-szed
On the 9th day 37 3°-37.2° temperature On that night eruption of generalized urti~
cana with bright red halo, mtensive itching appeared, otherwise patient hvely

mgune pes-sized

11th day Yesterdsy afternoon and evemng intenstve eruption of hives Edemsa
can be elicited by pressure with the finger Patient gamed since the first weighing
almost one kg , since yesterday about 350 g

Tays P 1 783 21
410!
g 1T
\’?rfxiﬁx Kaaps = Z -
I NWEN
] N
i ol
NoFever [ I
ST
E
1| Pihdand ot
Crmanr II

12th day Skin pale, edems still iereasing

13th day Edema receding

14th dsy Quick disappearance of edema Lsrge amount of unne Skin pale No
edema discernible

In Stephan Th the symptoms of serum sickness, which conssted of a
morbillous rash, fever, enlarged spleen, lasted 8 days

Admitted snth diphthentic croup on 12/26/02 Injection of 1500 AT (8 cc )
Dightheria serum On the 8th day after 1njection slight nse in temperature without
& rash On the 12th day with higher tempetature there appeared morbitlons ersplions
over the whole body Tempersturs up to 32.5° Spleen distinctly enlarged 2 fingers
breadth below the costal margin

On the 13th and 14th day post inyectsonems, repeated morbillous eruptions with
temperature above 39° Oaly on the 17th day after wjectron free from fever
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For the study of serum sickness 1t 13 advisable not €0 use the more com-
mon, rudimentary forms, but rather cases with well-developed charae-
tenstic symptoms Therefore, although we deseribe’mostly serious cases
as paradigma, 1t should not be concluded that such cases are the rule We
selected intensive cases from a great number of mider cases m order to
present gpecial symptoms n their most characteristic form Between mild
and severe cases there exist cases of sll degrees of mteasity The table on
page 11 gves & summary of the most maportant symptoms in their group-
g and vared mtensity

In Chart IIT, five cases of serum stckness after injection of 100 to 200
oo of horse serum are depicted 1n such 2 way that the day of mnjection 1s
shown as the first day on the chart The black field shows the fever due to
the serum sickness The temperature of the ongnal disease (treated mith
serum) 15 shown as plain hne We <ee an almost simultaneous onset of
{fever after an incubation of 8 to 9 days But after that an entirely dafferent
coutse of the fever 1 seen The d of the fever & d between
one week (Case 2) three weeks (Case 8), the mtensity of fever between
87 5° (Case 1) and 40 2° (Case 5) In o similar way we also see 5 different
dustribution of rashes edema, jomnt pain, lymph gland swelling and albu
TMInUK

A rather exhaustive preture of all symptorns 18 shown mn the followng
case

Karl L , 4 years, admtted on 11/9/03 On 11711, 80 cc scarlet fever serum were
1njected subcutaneously nto the right lower eids of the sbdomen The wnguinal
iymph nodes were {arger than pea-sized £1/12 (2nd day) The mite of the 1jection
slightly edematous and tender

3rd day The tenderness disappeared Place of the injection and neighbourkood
diseolored hight yeilowish green

5th day Glands h a Discod of the gk

6th day Iogwinal glands enfarged On the right mde two bean sized, on the left
side one bean sized gland

9th day loguinal glands protruding an the right side are smaller ones and al-
mond sized, on the left side bean mzed and some emaller oves In the regon of the
toghs and abdomen redness of the skin

10th dsy Light redness over almost the whole body, particularly on the parts
where desquamation exists after scarlet fever Cheeks a3 1f rouged The rash makes
&t first sight the impression of 2 searlet fever rash By closer observation groups of
vety smali to pea-mzed hives are visible on different parts of the body Unpe con-
tains serum albumen Color ot the unneislight yellow almost clear Sediment very

gearce contumag few hyaline casts
et @ 44w 2 aten 1 ~fl & AL nnammpasad v th larga
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luves Many scratch effects Urine contams more albumen but still lesa than 1%
Hyshne casts
13th day No rash, the eyelids slightly edematous
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14th dsy Temperature 30 1°-33 5° Small cruption of kives on the dorsal surface
of the fore arm
15thdsy 5 af freshsmall sized, slightly elevated the
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18thdsy Temperature 38 2°-35 1°, loose cough On the thighs indistinct maeulous
erythema

18th day Vomuted this motning On the dorsal surface of the legs browmsh red
toacuious erythema The snguinal lymph nodes again larger than on the 15tk day

19th day Temperature 38 §°~38.2° Erythema lLike yesterday Scrotum markedly
edematous Coughing less Small amount of unae but 2o albumen No appetite

20th day Temp 89 7°-37 9% Aff P d, much coughing Skan
desquamating strongly on the abdomen and at the inver side of the extremibies,
eparcely on other parts of the body, epota of 1-2mm dismeter, browmshred slightly
elevated, 1} d, frequent], 5} In the ingmnal night regon,
two bean mzed left greater than bean-sized lymph glands

218t dsy Pale remnsnts of the rach on the extreruties

22nd dsy No rash

23rd dsy T 390%371° Med: d 1nd lous rash on
the thighs Ingwins) glands nght, almond-aized, left greater than bean-sized

24th day No fresh serum Pale of the h on the
extreruties Berota) edema stl) present

26th day T 39 0°-37 4° Ind ds d \l b

on the thighs Ingwnal Iymph nodes s on the 23rd day
27th dsy Temperature 38 3°-37 3° No rash
28th day No fever, feels well
32nd day Ingwnal lymph nodes smalter than beans Rapid smprovement
37th day Ingwinal lymph nodes much emaller, bigger than lentil-sized

On Chart IV the masin symptoms of seram aickness, fever and rash, are
shown connected with the datly determination of body weight and with
the number of luekocytes We see at the top of the chart the weight curve
Durning the first 9 days the weight 1s stationary With the onset of the
serum sickness the body weight mereases almost ove kilogram n 4 days
"This mse 13 visible chmically as edema Dunng this penod of ugh tempera-
ture and breaking down of body protem loss of weight 1s expected, which
13 mdicated approximstely by the basic line of the weight curve The diuffer-
ence between the latter and the actual weight determined by the scale 18
taken s edema and marked by 2 shaded field. The edema 19 slowly excreted
along with the diwmution of the symptoms of serum sickness On the
23rd day after the injection the \! starts, recogmzable by the
now real mcrease of body weight representing pew bissue The chart shows
furthermore the leukocyte count taken daily 1n the morning at the same
{ime on empty stomach The charactenstic of the count hes 1n the intensive
Auminution 10 the number of Jekooytes ab the height of the disease The
first drop takes place at the tune of the eruptis, another and more -
. - . ity mem Te

[P

the followmng manuer The tighest peaks of the dady temperature (u¢
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temperature was taken 5 to 7 times drily) are connected. The rise in

temperature due to serum sickness is shown as a black field,

Below on the chart the number of eruptions of rashes are marked as

Y
Days
B-
L} I.. te .
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epikes. The basic line connects the eruptions, which with respect to their

time of occurrence could not be separated distinctly enough

The amount of unne during the whole sickness was relatively smf;l].
The daily amount before and after the sickness was 500 to 700 cc., duting

the sickness 200 to 300 cc.



14 SERUM BICKNESS

TaE Periob oF INCUBATION

The serum sickness shares with many other diseases the pecuharity that
the symptoms of the disease do not appear immediately after subcutaneous
or mtravenous introduction of the pathogenic agens Between the injection
of the agens and the appearance of climeal symptoms, an incubation time
exusts In making this statement we disregard a hitle swellmg, tenderness
and redness at the site of the mjection and the surrounding area which are
the effect of the trauma caused by the mjection (Chart Vp 15)

The period of meubation cannat be explamed by the slowness of the
absorption of the foreign serum This serum exerts 1ts antitoxie (diphthena,
scarlet fever) effect within a few hours When Moser injected scarlet fever
serum he found 1t easy to follow the absorption of the serum because the
scarlet fever serum agglutinates scarlet fever m high dilution
From the determination of the amount of agglutmn mn the serum of the
mjected mdividual, the beginning and the maximum of the absorption
can be ascertamed

Joseph R, 18 month old infant, was mjected with 180 ec Moser serum,
because 1t was a very severe case of scarlet fever Temp , 39 9° Afterwards,
every 2 to 3 hours, blood was drawn from the ear lobe The serum part of
this blood was tested microscopically for agglutinns m dilution from 1 4
up to 1 4000 agamst scarlet fever streptococer Whereas before mjection
no agglutimmn could be found, already 2 hours later complete agglutipation
was present in dilution up to 1 16, mncomplete up to 1 64 Now the content
of agglutinms of the serum of the child nses rapidly and after 26 hours
reaches complete agglutination up to 1 1000 From this height 1t drops
slowly Parallel with the absorption the temperature falls as m a cnsis
As portrayed 1 the chart on page 15 the course of the temperature 1s re-
versed (drop shown as rse) n order to demonstrate the concidence of the
serum effect with the resorption of the serum

Symptoms of the serum sickness (hives and shght fever) appeared m
this casc on the 6th day after injection whereas the antitoxic effect reached
1ts maximum after 12 hours and the resorption after 26 hours

Hartung has already observed that m more than half of hus cases the

serum symptoms did not appear until 10 days after injection Furthermore

1t did not eseape his attention that serum sckness starts with preference

on certamn days which he called cnitical days Daut confirmed this observa-

tion Both anthors would have found a greater umformity and regulanty

1 the length of the meubation period, if they had known the fact that

persons who recerve serum for the first time differ distietly as far 25 the
\
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the begmming of the disease, the duration of the meubation penod varnes
1to 2 days We prefer to take, for statistical purposes, the general reaction
of the organism as the end of the mcubation period

In table 1 it 1s shown on which day after mjection the serum sickness
started

The upper section deals with the onset of symptoms i 90 children
jected the first tume, the lower with the onset mn 45 remjected cases The
first heading contains the total number of cases, the second “questionable”
cases 10 which 1t could not be sscertained whether they had received serum

TABLE 1
Days fasas[s {4 s [ {7 {s[srofufnlusfufsls]r
Onset an first imjection
Total 2 | —| 3= 7| 7j16| 26| 9} 6] 8 5| 31 3 1 1
Questionable 1| 2 — - — —f — -
Local F e e D e e e o o e
Onset on rewnjection
Total 27 |- 1 3|41 2] ] ] —
Questionable =111t Y ===
Local 6! Bl J A=A AN~
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cluded from the figures 1 90 cases of children smjected the first fume that
From the tablo 1t can be seen that i the case of & first injection the ¢

the average mcubation pertod 19 8 to 12 days All statements made this

chapter deal with the first
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of symptoms oceurs rarely before the 6th day Such a case we report on
page 85 (Gustave P) The duration of the incubation period scems to
depend for the most part upon the mndividual disposition of the mjected
child Tt does not depend upon the amount of serum mjected

The variations n the length of the ineubation time, which are conditional
upon the different quahties of the injected serum, are relatively insipificant
when one uses horse serum We did not observe that certam kinds of serum
were combimed with certomn days of duration of the incubation time (Har
tung) Whether the human bemng reacts to serum of ammals other than the
horse at different times were have too hittle experience to say

Netter (Soc med deshop , 1: 31, 1896) reports a chuld who showed, after
an tion of 6 to 7 cc serum of a rabbit, symptoms
on the 12th day Dallera saw generalized urticana 10 days after transfusion
of lamb blood

Much less frequently than 1 acute mfectious exanthema do shght dis-
orders of the geperal well bemng occur durmg the meubation period As s
rule 1t 18 Jetely free from p The onset of symptoms of dis-
ease earher than the 8th day shall be discussed later in the chapter on
“Remnjection

Frver

Since the days of Wunderlich there has been the endeavor to find a char-
actenstic fever curve m diseases accompanted by fever Since then the
course the temperature ran could be used for diagnostie purposes just as
other symptoms of the disease With the varymg mtensity of all serum
sickness symptoms we could not expect to establish & defimte, unchange-
able type of fever, only the following propositions can be made, particularly
1n regard to those cases, which received a greater amount of serum,

1 Fever 1s one of the most frequent symptoms of serum sickness It 18
more frequently observed than 1s the rash If one should want to name the
disease according to the most, typical symptom, one would be more correct
to talk of “serum fever” than of “‘serum exanthema *’

2 The fever lasts untal the end of the clneal symptorns of serum sick-
ness

3 The type of fever 13 a remittent one, the daily oscillations are 1 {0 3
degrees It occurs less frequently that the temperature i the mormng 18
also gh Towards the end of the symptoms of serum sickness, when nor
mal and subnormal temperature are often seen 1o the mormng, an ater-
mttent type develops

4 A certam connection exsts between the temperature curve and the
form of exanthema ‘The highest temperature 13 scen 1n measles like (ma-

culo-papulous) eruption, the lowest fever 1s observed with met like ery-
thema, whereas urticans and scarlatimform rashes are m between
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5 In general the height of the temperature does not permit one to
Judge the duration and mtensity of the disease

6 The duration and intensity of the fever depend partly upon the
amount of serum mjected and partly upon the mdividual disposition

Comment 1 and 2 Our statement, that after an mjection of a large
amount of serum, fever 1s more frequent than a rash, refers only to the fact
that at the height of the serum sickness the rash may be absent, whereas
the fever continues

From Chart IIT we see clearly that fever occurs more constantly than
the eruptron of rashes

In case II (8) a penod of fever lasting 3 days evsts between the first
and second eruption of rashes, in case Il a 4 day pertod In the latter case
no eruptions occur from the 16th day after mjection although the fever
lasts more than one week longer In case 4 we see fever evisting throughout
8 days without a rash Still greater differences exist m case V

We lay great stress on the discussion of these facts m order to show that
the term serum exanthema 1s not useful However we do not want to be
misunderstood as far as the fever 13 concerned Enough cases exist where
the fever 13 completely absent This loose relation between temperature
and form of rash makes 1t clear that the fever 1s not to be considered as
the effect of the exanthema Fever and rash are coordinated effects of one
cause In favor of this sentence speak the facts mentioned m pomnt 3

Comment 5 For the correctness of this statement the previous charts
show examples

Franz D (see p 20) shows at the begmning of the sickness a low tem-
perature for 3 days The physician who would have expected a mild and
short duration of the disease would have been disappomted For on the
16th day fever started agamn, this time very intensrve, lasting 10 days

High temperature of short duration 13 seen frequently after an injection
of a small amount of serum (Diphthena) The same observation can be
made by an mjection of a large amount of serum

Erna E , 150 cc scarlet fever serum Incubatiop perrod 10 to 11 days Shght m
crease of weight (edema 2) with high temperature The form of eruption 1y between

o awga L & 4 #il 4 o oamehawhalad seass @ ereellent
\pea m

9th-11th day Trousseau unchanged
12th day Temperature 37 6°-37° Since this morning dissemsnated over the
body, mdistinct, bright red, shghtly elevated lentil-sized spots, m the left axlla »

oy
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packet of lymph nodes more than bean mzed, in ingume both sides many gmall
1olated lymph glands

13th day Today an 1otensive eruption of a serum rash Intensively red gpots
elevated up to lentil mze densely located on the tensor surface of the extremities,
frequently confiuent, fresh papules standing singly surrounded by bright hslos
‘The eruption is hetween erythema multiforme, urticana, and morbilli On the mde
of the neck just palpable lymph nodes, m the swulla packets like yesterday The
1nguinal lymph nodes are somewhat tender as yesterday Temp 393°-330° Mild
iehing General condition good

14th day The has elightly A tly the same eruption
13 present, 1t bhas progressed at the periphery The center of the spots 13 pigmented
pale, greyish brown the periphery elevated and dusty red

1ith day The same eruption present, 1t has progressed stowly down to the nuddle
of the abd: 1 wall B 1t gyr1 on the hipg The site of the injection
does not show any reactton On the old field of eruption (tensor surface of the ex-
tremities) over brownish cyanotic ground a new eruption appears with bright halos
Lymph glands 1y the left axlla unchanged tender Inguinal lymph nodes on the left
si1de somewhat larger than on the night

16th day Temperature 39 0° 390° Slept well Fxanthema spread to the left
side of the abdomen, the rash on the extremities paler, pigmented Left eye sunken
Conjunctiva both sides injected Genersl condtion good

17th day Temperature 39 9°-37 6° Yesterday afternoon a sudden new eruption of
arash covering the whole abdomen Today no fresh eruption, all over greyish brown-
1sh pigmentation In spite of high fever yesterday the patient felt well

19th day Temperature 33 0°-37 6° General condition good Discharged on the
82nd day, cured

Franz D Hospitalized 5/24-7/5/04 Lymph glands

Chart 7 p 17 g o
Axllar o L]
Inguinal From palpable to lentil sized

Spleen #oft, 1 cm behind the costal marmn

On 5/25 ntensive scarlet fever (IHT) At7pm , 200 cc Serum 14, dated 2/12/04,
was 1njected 10to the night mde of the abdomen

20d day Around the site of the 1njection distinet swelling

7th day Lymph glands not changed

8th day Ingwnal lymph nodes over lent] mized

9th day Temperature 37 §°-372° On the region of the upper thurd of the right
tabia some pale ves which 1tch intensively Inguinal lymph nodes the same

10th day This morning 130lated eruptions of hives, at present indistinct

11th day Temperature 33 4°-37 2° Yesterday eruption of laves Face somewhat
swollen Fresh, mastly large-sized urticaria on the skin of the nght side of the body,
particularly on the cheek and on the outer sde of the right thigh On the left ade
only a few hives and they are smaller Inguinal lymph nodes the same, but they ate
hard and succulent Throat clean

15th day Na fever no exanthems

v om P
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mities, and the dorsum of the hand The maculse are 1solated and elevated over the
Jevel of the slun Many imguinal Iymph nodes are lentil sized and succulent
— PATTE frat e ows

T enle Vaotora

s+ b1 an cend eco ot hkedesign beet
Ox each eide an

okt 23
Axillar glands Small pea-sized Pea-gized
Toguinal glsnds Pea-sized Below pes suzed

The mucous membrane of the mouth pale Spleen enlarged, palpable at the costal

margn

20th day Temporature 39 7°-384° Yesterday repeated eruptions of rashes
Today & map like rash on the face, at the border 8 somewhat elevated, bright red,
ring The center 19 pale, showing normal skin Oa the lower Iip, sbout n the mddle, 2
gronp of herpetic vesicles Patient feels well

215t day Temperature 39 6°-33 87 Also yesterday, all day, a rash Today pale
remnants on the face which 13 edematous Maculo-papulous eruption on the lower
extremities Herpes vesicles drned up Bad humor Inguinal lymph nodes pea sized

22nd day Temperature 39 7°-37 5° Yesterday again numerous morballous erup-
tions, particularly on the calves Today the rash 18 pigmented with a eyanotic ap-
pearance,—besides this rash, isolated, fresh, morbillous eruptions On both fore-
arms humerous, up to lent1l sized, 1n the center paler, eruptions, definitely elevated,
and #t places, confluent Sumalar eruption on the thighs and i the left epigastnie
region Lymph nodes n inguine mumerous, pes-sized, and succulent

23rd day Temperature 400°-37 2° Yesterday dunng the height of the fever,
prostrated, at night quiet Yesterday’s rash faded at the border of the old eruption
O tho fore atm and lower extrerities fresh eruptrons The euptions show srregular
Borders The maculo-papulous spots have an elevated border are bright red, yellow
16h m the center, and sunken Throat clear

24th day Temperature 39 2° 37 4° Yesterday and today very few new eruptions

tled pigmentation ou the extremities

27th day ‘Temperature 38 6°-37 2° Do rash any mare

25th day Temperature 37 8°-36 8° Glands less swollen

20th day No fever

36th day Inguns! lymph nodes smaller than lentils

Now we report some cases which do not exactly correspond to the above
mentioned relation between fever and certam eruptions Intensive urt:-
cana eruptions without fever were reported by us before The following 18
a case where urticanal and morbillous eruptions showed the same intensity

of fever
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Henrette N 100 cc gearlet fever scrum No 14 on 8/19/03 On the 6th day after
the mjection, following a lymph gland enlargement, fever and urticaria appeared
which lasted five days Traces of albumen 1n the urine on the 9th 10th and 1ith
days after injection Then & lessening of the fever, of the lymph gland swelling
disappearance of the albumen from the urine W1th & new nise of temperature lymph
gland swelling and albummuria Morbilli hke rash with small sized maculi This
eruption started twelve days after injection Nico weight curve, spleen 19 swollen
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Cruart VIII

The type of the temperature of the first aymptoms of the serum sickness 19 that of &
continua Dunng the morbillous eruption, the sntermuttent character of the fever
curve becomes distinetly evident The amount of urine was not substantially changed

Complete Case Report (Chart VIII)

Became sick on 8/17/03 with sore throat On 8/10 in the morming vomiting of
mucus, | then fever nnd acarlet fever rasb In;ecuon of 100 ce ucnrlet fcvcr ncr:x:n
nde n tha
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During the first days some tenderness at the site of the injection but no other reac-
tion

7th day Bince yesterday afternoon urtiearia on the abdomen, since the evening
& generalized eruption of large hives with red halos, temperature 38 9°-37 6° Spleen
not enlarged Lymph glands enlarged

8th day Contmuing generalized eruptions of medium sized urticaria The skin 19
cyanotic, showing a design composed of small apots, at the buttocks net-like hemor-
rhages are visible, all over the body are seattered lenti] mized hives with broad, red
halos Many effects of scratchung The ingumal lymph nodes protrude very much,
forming on the left side almost a date-sized packet, on the right side about bean-
stzed glands, crurel glands bean mzed In each awlla a hazelnut-sized packet of
enlarged glands, at the neck many glands over pea-sized, one gland at the maxillar
angle 13 bean-sized Spleen hard and firm, palpable st the costal margin The mucous
membrane of the mouth 14 pale Traces of albumen i the urine

Bure At the lower extremities and on the face a scarlatimform rash Lymph glands
rather smaller Spleen palpable at the costal margin Feels well in spite of hagh fever

Much seratching Traces of albumen 1 the urine
Ve

quiet than usual The eyeballs injected Trace of albumen 1n the urine

I1th dsy Slan delicate, only sudistinet remnants of the rash, temperature 39 6°
At mght restless, apparently joint pain, but the patient demes 1t with great atub-
borness Lymph glands definstely a httle smaller Spleen at the costal margin On
the posterior part of the skull more than pea mzed lymph nodes Fine scaling on the
face Less edema Wesght decreasing

13th day Temperature 37 7°-37 3° Quiet, no rash Jomt pain less Face only a
Iittle edematous Inguinal lymph nodes softer and smaller Throat clean and pale

14th day Yesterday afternoon a general eruption of a pale rosy red rash At

tight restless This mornimg & bright red, small, shghtly elevated fresh eraption,
- T, N E) P e h a rmmotrinqllv

bean sized In night axilla 1 up to bean-sized glands At each side of the thorax
wall & lentil-mized gland At the neck many pea-sized glands At the occiput (right
1de) one pea sized, left, a lentil-sized gland Body weight decreasing Urine free of
albumen

15th day Night quiet Temperature 39 6°-33 6° On the calves, on both forearms,
a pale red, rather dense, amall, not elevated eruption, some areas showing a ring
formatson Glands the same In the urine agamn traces of albumen

16th day Temperature 39 9°-37 7° Yesterday new eruptions The face in spite
©f 1oss 1n weight 19 more edematous All over fresh eruntions, loosely scattered Some
confluence produces net-like designs Most dense 1a the eruption on the tensor sur-
face of the upper extremities, on the calves between the scapult The right occipital
gland 1a tender Traces of albumen 1n the urine
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17th day Temperature 33 837 6° Quset at night Yesterdsy dunng the day
new morbsilt kike 1 cb , especrally Jocahaed on the eslves Todsy
pale remnants of them are visible, some new eruptions scattered over the body Face
distinetly edentatous Trace of albumen

18th day Temperature 39 3%-37 8% Quist, face less swollen On the mde wall of
the thorax and on the lower extrenuties pale remnants of rash The spleen can be
reached betund the costa) margin Trace of albumen

19thday “Temperature 33 4°~37 2° Nonew rash Slunpale, dry edema unchanged
Glands everywhbere smaller and softer The two oroipital glands hardly palpable
anymore Pendulum rhythm of the beart

20th day Temperature 37 7°-37 3° Slin pale and dry Body weight decreasing
Glands 1 mguice on the nght side pea stzed, on the lefy mde nearly bean-sized,
others pea~sized

23rd day Glands 1o 1ngusve over pes mzed not sueculent any more

25th day Out of bed on 3ith day discharged

Eduard ¢ 4 years old 19/8-12/12/03 Medium sovere scarlet faver, waa mjected
with 100ce  Egmont” serum Iogumal Jymph node paipable

Sthday Nofever Just now fiat, skun colored haves appear Ingumnal glands, left
swde just palpable on the right sids bean mzed

9thday Temperature 37 4%87 2% On different parts of the body fertil- and larger-
sized huves erupting without rad hajos Patient coraplains that he 1s bitten by fless
Left w mpmne pea s1zed night one over bean sized nnd several pea sized glands
In the right axifa a pea-sized gland

10th day St more eruption of iwolated hives without balo

11th day Yesterday the patient sad, ‘ There sre tao wany ammsals, I won't
hie here enymore w bed ¥ Conlinttoua eruptions of urhennis, at the rounds pes
ewzed sod larger pale fine somewhat elevated haves, exclusively on the extremities
Ingumal glands on the right side semewhat Iarger than on the left Nofmer

12th day No fever, feeling well Few pale hives on the outside of ihe extremuties
Here we ge a case with intennive eruptions withoat fever

The followmng ease runs & gumilar course

Olgs L 3 years old 1/2-2/13/0% Injection of 200 oo meazlet fever serum ho 4
(Fne), dated 10/7 on the right side of the abdomen 1njecied on 1/2 mdmght

9th day Tempersture 37 §° 37 0° Skan pale only one kuve an the skin of the
back

10th day CGlands nat enfarged

1ith day esterday afternoon at 3 o'clork an sntensive, denge eruption of hived
on the darsum of the hands At 10 o’slock 1n the eveniog fresh aricana eruption 8t
the site of the injection and surrounding area not crossing the msdlne Today only
one fresh huve on the dorsum of the nght hand othermise over the exiensor sutface
of the upper extremitiea and on the dorsum of the hand nregularly formed red spots
58 welf 28 seatiered on the stem Apparently fading bives

13th day Yesterdsy more eruptions of hives over the whole body, of which at
present only pale wrregularly formed remnauts are vimble No fever

13th dsy Distinet new htves on the nght foresrm and on the dorsum of the left
hand Some hives &lso aver the maer malleolus of the night fvot

14th day Nofever Yesterday some eruption of laves

Comment § The fever 1 remuttent 1 character
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In typical eases the fever almost never reaches 18 maxmum 1n one day,
usually the nse to the maximum develops gradually The fever drops show-
mg a steep curve with o deep remission 1n the morning
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We repart the follawing seven curves m Chart IX i which the fovers
reprosented by 5 design different from the previous ones, i that we marked
not ouly the mavima but also the mmma of the day Curves 2 and 3 are
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the fever chart of two injected sblings Note the smilanty of the course
of the fever

Other types of fever also occur, but they are much rarer No charac-
tenistic fever curve can be demonstrated for rudimentary forms of the dis-
ease

Through the gradual Iyt drop wn fever ahways showing a declining ruse tn
the afternoon, the fever chart becomes as valuable @ gurde for the prognosis a3
the edema and lymph gland enlargement, which will be discussed later

Comment 6 Daut and von Rutersh tablished that the ineid of
serum mickness falls with the amount of mjected serum

In the first period of serum injections for the treatment of diphtheria
when 10 to 30 cc of horse serum were used, symptoms of serum sickness
developed m 229 of the cases Von Ruttersharn reported later a drop from
this figure to 6 45% due to the fact that 1t had become customary to use
a reduced amount of serum (6 to 15 cc) The best proof for the correctness
of the statement that the mcidence of serum sickness depends upon the
amount of serum mjected lies 1 the fact that, after an mjection of 100 to
200 cc serum, we observed serum symptoms in 859 of the cases

‘We can conclude that the disposition for the disease 1s an umversal one
If we merease the amount of serum still further, finally every mndividual
would develop serum sickness Whether an individual develops serum sick-
ness after mjection of a small amount of serum depends upon the disposi-
tion of the mdividual As 1t was to be expected, the mtensity of the synp-
toms also becomes decidedly stronger with an mncrease i the amount of
the serum Symp of such long d a3 we have seen 1n cases which
were m)ected with large doses never occurred after an mjection of smaller
amounts of serum (Chart IIT)

‘We may regard as proof of the influence of the mdividual disposition
upon the course of the disease that sera, which otherwise only nfrequently
produce serum sickness, led to equal symptoms of serum sickness m sib-
lngs Siblings may show great umformity even in certamn anomales of
the course (as for mstance, an abnormally short mcubation pertod after &
first mjection), as siblings G reported on page 8 The following two cases
give further proof of the sumlanty of the fever curve in siblings

Joseph W2} years, 10/24-12/8/03 Medium severe scarlet fever 10/24, 200 cc
serum No 111, dated 10/7, 03, mjected at 10 00 p m Glands before njection

nght It
Axillar Peas Peas
Inguinal Small beans

ond day Eite of ijection panful
4th day Glsuds stall unchanged
gth day The temperature nscs again to 38 9°-37 0° Yesterday 8 cc diphthenia
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serum was 1njected 1nto the night upper atm At this site after 15 hours a Jocal erys-
pelas Iike reaction
9th day On the stem a pale red small- and medium-sized, shghtly elevated ezan-
ihema, dense on the abdomen, scarcer on the chest Left abdominal side shows more
rash than the right Yesterday’s erysipelas-hike rednees 1 paler today surrounded
by 1 em wids, intensively red, somewhat elevated halo, the latter again shows -
dented and 1sland like extension Glsnda
night Tt
Axillar Peas Many under bean-sized
Inguinal Beveral bean erzed One bean-sized

10th day On the stem and upper arm a rash consisting of yellowish-red, lentil-
eized, slightly elevated maculae The areas of the previcus rash on the abdomen end
on the left flank show pale, confluent, redness and pigmentation, sumilar redness 13
scen at the eite of the 1njection on the arm in & radius of abont 8 cm At the periphery
still & bright red zone with little infiltration Glands

nght taft
Axillar Peas Several under besn sized
Taguinal 2over bean-sized bean-mized
Crural Under bean-sized

Temperature 38 9°-36 8°, feehng well
11th day The whole body shows mottled pigmented remnants of the rash Spleen
ot palpable Lymph nodes

nght Lt
Axillar Under besn-sized
Inguinal Over bean-sized Bean aized

12th day 339°-37 5° On the extreruties bright red, frequently confluent, mottled,
otherwise pigmented, faded, remnants on the right arm The side of the diphtbers
serum mjection and 1ts neighborhood 18 like tho eite of the injection in the abdominal
skin

13th day Temperature 33.5°-372° Fresh, bright red, shghtly elevated rash,
multiform with pale center, partly fiat, partly showing lentil mzed maculae Cheeks
rosy, as f rouged red Glands

bt i

Axllar Many peas Bean-sized

Togunal Many over bean- Bean-sized
sized

Spleen palpable at costal margn

1ith dsy Skin on the thighs ehows many creases Ingtunal region desquamating,
otherwise sk pale

15th day Since last evening & new eruption of rash, todsy pale to bright red, net-
like desrgn, on the back and tensor surface of the arms Lymph glsnds

okt R
Axillar Several below bean-sized  Besn-aized
Inguinal Bean suzed, almond- Several bean-sized

nzed
Spleen not palpable
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16th day Tetaperature 3§ 7°-37 2°, Yesterday afternoon and todsy fresh erup-
tions of bright red net-like erythema

17th day Contingous eruption of new rashes At the rounds, pale, pet-like, design
op taany parts of the body Fresh eruption on the skin over the ealves Skn very

wrntable
18th day Fresh net-lke design on the back 38 4°-331° Glands as on the 15th

day
19th day Temperature 40 1°-37 1° In gpute of bigh teroperature yesterday, hvely
acd gay At mught quiet On the back and tensor surface of the arms and legs, fresh

multiform erythema Strong hemorrhages on places with pressure In the sacral

region k purple pal d P of t lentil-sized
Ty

Dagy 1 hj h)

BodyWerght |51

Temperater

sl

Casrr X

maculi, which do not disappear upon pressure of a finger The skun on the jomde of
the thighs, wrinkled, scaling Bronehitis Lymph glands

right and Left
Axillar Under bean-sized
Inguinal Bean-nized

20th day Pigmented remnants of the rash of yesterday Fresh inghike bands
slong the night outer margn of the foot No scratch effects Bad bumor Frequent
Toose caugh

25t dsy ladistinet remnsnts of the rash No fresh eruption 40 2%-37 5° Night
very restless Mormngs much loose coughing Lungs rough breath sounds In the
evenmpg one stool mited with blood Microscopreally mucus, red blood cells, very
few white cells Serum resction with horse serum, 1 1, 5o precipitation, with rabbat
antshorse serum, distinet precipitation

2nd day Spleen at the costal margin Lymph glands
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gkt and Teft
Axillar Many smaller than beana
Inguinal Bean sized

Much loose coughmg Breath sounds very rough particularly posteriorly Five
soft stools with mucus, one almost entirely bloody
23rd day Glands

right and left
Axllar Many larger than peas
Inguinal Bean stzed

Bince yesterday mormmng no stool and httle coughing
24th day Temperature 38 9°-36 7° Stool normal less coughing and quiet at

mght
27th day Convalescent Patrent m good spints Little coughing Lymph nodes

gkt e
Axillar Pen aized Larger than peas
Inguinal Bean sized Bean sized

35th day Several times net ke macular red spots appeared and dissppeared
rapdly
45th day Nodes

right Lt
Axiflar Many pea sized
Inguinal Two bean s1zed Two smaller than beans

Adolf W 4 years old 10/28-12/8/03 Bevere acarlet fever (No III}) Inguinal
Iymph nodes on the night side larger than pea-sized On10/29at3pm 200cc Scarlet
fever serum (Egmont) Temperature fell 2 8°

2nd day Slun of the sbdomen tender

3rd day On account of positive culture for Diphthena bacilh 2 co (600 AU )
serum were njected Place of 1njection less tender glands unchsnged

4th day Glands

nght et
Axillar Overpes sized  Pea-sized
Ingunel Smaller then bean sized (60th)
5th day Temperature 39 0° 380° Glands
okt un
Axillar Several bean sized Pesauzed
Inguinal Under bean sized r>1

7th day Temperature 33 6°-38 1°
8th and 9th day Temperature 38 7°-37 1° Glands not chsnged
11th day Glands

nght et
Axillar Qver pes-sized Almond-sized
Ingunal QOver besn sized Over bean sized

12th day Numerous pin point bemorrhages of the slan of diverse coloring scarce
on the outside of calves and elbows very numerous ad nates and on theinner surface
of the knees Otherwise the skin 13 pale
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13th day No new hemorrhage
14th dsy Temperature 38 7°-37 4° Quiet, hemorrhage almost disappesred
Glands

gt and st
Axillar Under bean-sized
Inguinal Bean-sized

15th day Temperature 38 7° Night restless Since this morning a pale red small
sized, net like erythema eruption on the tensor surface of all extremuties Stem free

16tk day On the extremrties pale brownish red pea-sized pigmentation, as after
messles Axillar Tymph nodes below bean smize (both sides}, mnguinal glands bean
sized

Doys

[Terp: S; ;: T n -
o T
L™ I ]

Crazrr XI

17th day During might in very bad humor, at the time of the rounds felt better
Rosy red, multiform, exanthema on the outside of the extremities Otherwise rem
nants of pigmentation stem still entirely free Axillar glands right less than bean-
sized, left bean sized, tender, mgumal glands, right, more than bean sized left,
bean-mzed (Chart XI)

18th day Since previous mght, erythema multiforms eruption on arms and legs,
garland Like, pale brownsh areas OQutstde of these areas are pea sized, fresh red
maculae Similar ones appesred on the abdomen, neck, and face Nose and forehead
show confluent redness Eyelids slight(y edematous Only the chest 1s freo from &
rash At the right angle of the mandibula, swellings that are tender 33.5°-37 K

19th day C new of erythema Lywmph glands
gt and Left
Axillar Under pes mized
Inguinal Bean-aized

Temperature 38 9°-37.3° During the n1ght 10 a bad humor
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20th day On the outside of the extrenuties, scattered pea- to bean srzed, bright
red eruptions with a pale, pigmented center

toose cough Liymph nodes

ol o
Axllar Pea-sized
Inguinal Bean sized Below bean sized

At the rounds, pale brownish, shightly elevated pea- and bean sized maculse at the
outside of the extremities
23rd day Nonew rash Temperature 33 4°-37 1° Before midnight very restless
24th day Temperature 33 6°-37 6° Night quiet Rapid respiration Indistinet
pigmentation Lymph nodes

nght teft
Axillar Palpable Palpable
Inguinal Under bean-aized Bean-sized

26th day Rash dwappeared Serotum shightly edematous Appetite better Tem-
‘perature 38 5°-37 4°

30th day Yesterday and today rapidly disappesring reddish et liks exanthems
on several parta of the body No fever, feels well

40th day Inguinsl glands less than besn mzed

we have mentioned, 15% of the children treated with large doses of serum

showed no clinical sign of & disease This low disposition of single individusls does
however not mean a complete lack of sensitiveness

Tt1sto b h certasnly that with these persons the same therr
course (tn principle) the sntensily of the alteration however does not reach the threshold
of ehmacal perceptibalaty

That the firat injection slters the orgamsm 1n a well defined manner, in spite of
the absencs of serum sickness, csn be concluded from the fact that indivaduals who
did not show any reaction after the first mjection, behave when they are remjected,
n the same way as mdividuals who reatted the first time (ses Chapter II}

Tue EXANTHEMATA
This symptom which 13 s0 outstandmg 1 serum sickness revesls iself
i a great multiplieity of The skin 15 mexhaustible m its pro-
duction of pecuhar pietures Harfung has already classified the rashes mto
four groups according to their appearance
1 Urticana
2 Scarlet fever Iike exanthemata®
a) Diffuse like an erythema
b) Sprouting (really sumilar to seatlet fever)
3 Morbalh or rubella Lite eruptions
4 Polymorph exanthemats, among them exudative forms
Every observer will encounter cases which do not fit even 1 this many
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groups We think that 1f would be better not to set every form of rash
apart from the others because many cases show rashes which could be put,
for example, erther 1nto the urticana group or, on the other hand, also
mto the morbilh like group Transitional forms demonstrate that in reality
no sharp line of demarcation exists as one would assume from the aspect
of typical rashes As urticans and morbith hike rashes are not so far apart
we can still find even many more transitional forms between morbalh hike
or rubella hike eruptions and exudative erythema multiforme We beheve
that the condation of the skin as organ determimes the form of rashes more
than the exaitmg cause In favor of this statement are observations m
eases with numerous repeated and varying rashes

The first rash belongs m most of the cases to the group of urticana
Frequently pew eruptions of urticania appear for days at new areas, untd
the whole skin becomes mvolved After this form of eruption has termmated
and a new eruption takes s place 50 1t 15 the general rule that among such
rashes no wrticana erupfion 13 to be found The same ¢an be seen when
after & second eruption, a third and different rash appears To separate
sharply the different forms of rashes would be justshied only sf we would
make the rather unhihely assnmption that in the serum different substances
exist, each of them capable of elieiting drfferent, specific rashes But then
3t would be necessary further to theorize that each of these substances
must have a dafferent meubation time, because almost without exception
the morbillous rashes follow the urticara, never the reverse

A further support of our opmion that the form of the rash essentally
depends upon the condition of the shin, 13 given by the behavior of the
eruptions after a remnjection We shall see that i cases of remnjection all
symptoms therefore also the exanthemata, appear enrlier than after the
first injection, and also come to an end more rapdly If different substances
were present 1 the serum, which could eliat different forms of exanthe
mats, then after remjection we should observe different forms of rashes
simultanecusly, or one qmekly after the other This almost never occurs
As far a3 generalized rashes are concerned, they slmost always belong only
to the urticamna group

The observation of the course of rashes spreading oser the slin of the
body 13 made difficult because of the flecting character of the eruption
Urhicana eruptions are frequently preceded by redmess, pamied by
stehing and then only does a hive appear 1n the center of the red area

Tn one case we tried to follow exactly, hour by hour, how the eruption
spread over the body, but we do not describe this ease m detail, because
even here we could not discover any defimte law We wish to state only
the following generalzations

1 Most frequently the rash first appears at the site of mjection Some-
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times this local rash 13 the only symptom of the disease, 23 far as the skin
18 concerned

2 The eruptions on the rest of the body are mostly symmetrical

3 The urticana 18 p d b; itching

4 The morhilli Iike and exudative eruptions are localized on the tensor
surface of the extremities

We now deseribe some cases where many and mtensive eruptions oc
curred In the case of Egon E (Chart XII page 34), we see urticana of a
four days duration, after a short ntermission vared rashes appear, which ac-
cording to their localization and must be called multif The
onset and loss of edems, 15 mcely shown on the curve of the body weight

Egon F 10/8/03-12/6/03 At 7 pm 10/8 200 ce serum No 14 dated 9/18/03
1njected 1nto the rght side of the abdomen In axills and ingune several lymph
glands up to pea-sized nght and left

8th day Siace yesterday evening eruption of urticarta At the rounds very large
brightred areasn the center of which huves are visible (on the kneea hands thighs)
On the abdomen a rash which looks as 1f the scarlet fever rash had reappeared
Inguinal ymph nodes at the right side several bean sized at the left side somewhat
smaller Mucosa of the mauth pale Spleen not palpable

Oth day Yesterday repeated eruptions of urticania Today still partly macular
Like and confluent redness showing (particularly on the back) partly fresh urticana
eruption m the region of the right shoulder and on the tensor surface of the right
knee jomnt intensive itching At mght quiet Face deeidedly edematous also the
dorsum of the hand swollen by edema The hands are shghtly cyanotic The lymph
glands 1n the right mgunal regton are succulent over bean sized apparently some
what tender On both mdes the glands are protruding Conjunctiva pale Throat

clean Spleen can be reached Feet cold
e - . bed « Tidama ona blaseam Cant niously
' [T . '
I ' .. '
1
truding
11th day Temperature 40 2° 38 8° Very bad humor Skin on the stem dirty
brown Extremities spotty as day before {fresh gyn) Lymph nodes more protruding
12th day Temperature 39 8° 380° Nose and upper lip shightly swollen and red
dened Qu the lower part of the extremities fresh eruptions of erythema exsudativum
multiforme On the gray hwd skin lighter brick red regularly defined areas
the centers of which appear greyish blue Smaller red spots with indistinet colors
are distributed over the body Nearby much pigmentation In the region of the
' 2

On certam areas fresh multiforme exanthemata Throat pale Lymph nodes

) Lt
Asillar Many less than bean-szed  Pea-mzed
Togunal Sausage hike protruding  Sewme
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14th day Temperature 40 0°-38 5° New umversal eruption of erythema multi-
forme, particularly intensive on the extremities Patient 18 1n very bad humor

15th day Temperature 40 1°-38 1° During night rather quet Poor appetite
Face, specially in the region of the eyelids, edematous, ezrea 1 20 kilograms of edema
The face shows & rosy red, net hike design, a sumlar design within the bair area of
the skull On the arms, medium sized, macular, often confiuent, erythema On the
thaghs, sumlar eruption, on the calves and feet ring ltke eruptions The ring appears
to have an mtensively purple color, which does not disappear upon pressure The
center 15 Imd, near by shghtly elevated, brick red areas (erythema multiforme),
the toes are Livid Spleen not palpable, cubital glands not palpsble In the right
anterior axllar hne in the height of the third ntercostal space, two pea-sized lymaph
nodes Lymph nodes

ot %3
Axillar 3 to 4 hard, pea-sized Same
Inguinal Intensively protruding, A little pmaller
hard, sausage ke bean-

aized

16thday Yesterday’s small sized rash has entirely disappeared On the extremities
brownish, hvid, large design (prgmentation after erythems multiforme) Feet and
doraum of the band, confluent, livid brown Glands hike yesterday Temperature
405°-39 5° Quiet mght

17th day Temperature 40 2°-87 6° Appetate better Loss of weight, } klogram
Stem and head free from rash On the extremuties, near the livid remnants, fresh
eruption of erythems Glands rather larger, spleen not palpable Yesterday m spite
of hugh fever, temperature labile

18thday Temperature 40 1°-37 4° Condition again worse Yesterday four mushy,
then four brown bowel movements with mucus In the evenng sghing, but respiration
not accelerated Very evhausted and tired On the extremuties very widespread
multiforme eruptions, the previous pigmentation has dissppeared On the stem

remnants of the rash No new eruption In the urine questionable trace of albumen
Sediment contans no renal elements
21st day Temperature 3¢ 3°-37 6° No rash Feels well Swelling of the glands
slmost gone Lymph glands
gkt Lt
Axillar Less than pea-sized Same at the thorax

Ingwnal Bean-sized Less than bean sized,
not protruding any

more

22nd day Asallar lymph nodes hardly palpable In mguine on the Jeft mde pea~
a1zed, on the night side larger than pess Temperature 37.8°-37 4°

23rd day No fever (without sspina) Edema excreted Tired Appetite botter

27th day Temperature 37 6°-36.8° Axillar and sogunal lymph nodes pea-sized

3lat day Glands the same Feels well

40th day Yesterday at 10 a m 1njection of 1 cc diphthena serum, for ymmunizs-
tion, 10 the night lower arm (Reinjection) In the evemng, temperature 381°%, arm

=
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swollen At rounds the right arm 18 tightly swollen from the middle of the upper
arm down to the fingers, the skin 1s diffusely red, hot, but not very tender Cirenm
ference of the lower arm ia 18 cm (whereas the left arm measures 14 om )

Glands i the right amllar less than bean-sized, 1aft pea-sized

418t day Yesterday from noon to evemng eruption of intensively red, about
lentit mzed maculae particularty on the chest, face, and external surface of thethighs
Today at the rounds the skin looks normal, the right arm intensively swollen hke
yesterday, here the skin 13 pigmented brownssh gresmsh (24 the place of yesterday’s
diffuse red) Temperature 39 4°-37 4°

Axjllar lymph nodes, nght bean aized, left pea sized, inguinal glands left hardly
palpable

42nd da)"\ Temperature, 37 7°-36 8° Stl small swelhog of the arm greemsh

Otto D In thus case a three-day urticara period was followed by a two-
day penod of 2 morbillous eruption The duration of the sickness was
short The edems was shight The swnelling of the spleen and the behavior
of the Jeukocytes was remarkable

Otto I 5{23-7/5/04 Bearlet fever of medum seventy Inguinal lymph nodes,
nght, leatil sized left, pea sized 5/2¢ At 3 30 pm, 200 cc perum Vienna No 4
dated 2/12/04 1n)ected wnto the right side of the abdomen

2nd day The side of the 1njection tender, the surrounding area of edema reaching
the mudhne slightly edematouy

3cd day The atte of the injection less tender

4th day The site of the injection no longer swollen

7th day Glands unchanged

8th day Ingwnal lymph nodes nght larger than left Many nodes smalfer than
bean sized but not pminful On nght, one more than bean-mzed, earby pea-sized
glands No defiite rash

11th day Untd this mormng without fever A umversal eruption of Inege penny-
suzed pale hives without red halo most intensively on the forehead, near the site of
the serum 1mjection and oo the calves Intensmive itctang Glands hike yesterday
Whining disposttion

12th day Temperature 38 3°-37 3° Yesterday during the dsy more eruptions of
pale urticana Today some fresh ernptions scatiered over the body

13tk day Temperature 38 0°-38 4° No rash

14th day Temperature 39 6°-37 8 The glands 1 1pgumine up to pes eize

15th day Tempersture 37 4>37.8° Quiet Yesterday repeated cruptions of &
morbillous rash on the cheeks and other parts of the body, mostly on the extremties
Small spots ste seen on the lower extremties, few on the stem, most numeraus o0 the

upper parts of the chest antenorly Cheeks somewhat cysnotie, face ntensvely
) - i 06 11 pdaenc a ke ol p Yum nal alanda largar than Deas
'
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16th day Temperature 38 7°-37 3° Yesterday no more rash, also today no rash,
glin pale Face less edematous, no pain 1n the jomts Conjunctrvitis bas receded
Glands the ssme Spleen a hittle gmaller and softer
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17th day Temperature 33 037 3° Face less edematous no rash

18th day Tempersture 37 4°-37 2° Sk pale, ingunal glands pea-sized

24th day Splen behind the costal margin

36th day Last eveningat 6 30 pm 200 Antitoxia units (1 ec Diphtheria !crun‘l/”

v
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was mnjected (Resnjection) After ebout 13 hours a considerable swelling extending
over the whole left arm Today thi8 1g st1ll present The arm also shows a somewhat
Tased temperature

3Sth day Yesterday the gwelling was less today only very indistinet

39th day Swelling has disappeared

Here we wish still to diseuss separately two rare forms of eruptions The
first group comprises the cachectic form, which 13 analogous to the eachectic
forms of measles We find such eruptions 1n very debilitated patients
The spots of the eruptions are then pale yellowish, washed out, particularly
the hives which helong to the group are small, httle elevated, the halo
usually surrounding the hives 13 hardly present

Gomg through s long duration of intensive eruptions even the skun of &
strong individusl becomes pretty much exhausted, so that at the end of &
long lasting serum sickness, the eruption may show & type sumilar to the
just mentioned cachectic forms Especally we wish to call attention to a
state of exbaustion of the skin which 1s lly found after
of very large amounts of serum The skin appears edematous and 1rregu
largly pigmented On the back are streaks of hemorrhagic suffusions pro-
duced by the pressure of the bedding By means of pressure, hemorrhages
can be easly produced Baginshy talks about streaky hemorthages

Another form of eruption 18 & hemorrhagic rash, which 1s very rare

Elly W Injected with 100 cc ecarlet fever serum On the 11th day after injection
alarge eruption of urticaris appeared lasting 5 days Even at that time 1t wasatrk
g that after the urticana there d grey ded by &
fine red slightly elevated border On the 17th day eruptians started consisting of
brownish distinctly elevated maculae of lentil size the center of which was dark
blue At the same time theto was high fever On the 18th day the described eruptions
extended to aress 3 cm 10 diameter They were partly bluish red partly blacksh,
showing & narrow bright red demarcation at the margin ‘The stem was free from
rash down to the lower part of the back while the main eruption was found on the
legs—less intenaive on the arms On the face only a few sumlar maculae were vinble
The general condition was retatively good From the 19th day the eruption faded
The black discolorization changed to a pale yellowish color Apparently the whole
affair was rather a stams of blood and not an extravasation

In this case we hate to assume the existence of famhar disposttion to
severe rashes, because the sister of the patient also developed a very violent
serum Eickness after an mjection of 200 cc scatlet fever serum, although
without hemotrhagie exanthema

Very little 15 known about pathological findings 1 the shin dunng serum
mchness As far as we know, 1o such mvestigation has been made on human
bengs, but only on animals, which also may develop rashes sfter an
Jection of foreign serum

Beclére, Chambon and Ménard injected calves with o large smount of
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horse serum (1/100 of body weight) Four calves came down with generalized
rashes and fever, one showed jomt mnvolvement Two calves injected with
donkey serum showed no reaction The rashes were exther like hives or like
morballi The cutis was mtensively infiltrated Nothing characteristic was
found by = histological examination Aronson saw not mifrequently, a
generalized eruption of papules after mjecting horses with 2 foreign serum

Prorkowsks 1mjecting a horse wath the blood of a syphilitic human being believed
the ensuing rash to be a syphilitic eruption of papules We interpreted 1t m the man
ner of Aronson as the result of a foreign serum Schuetz examined the skin of thug
horse and found y a small cell of the and sub-
cutis combined with the disappearance of the corny layer The tissue shits were
dilated

TrE ENLARGEMENT OF THE LyMrr GLANDS

Hitherto enlargerment of the lymph glands and edema were least con

sidered a3 symptom of serum sickness
”» 28] — a O N L L |

Funally Adolf and Hartung and later also Freyberger mention the occurrence
of lymph gland swellmg We great to this p
for two reasons (1) The swellng particularly of the regional lymph
glands 19 one of the most constantly present symptoms of serum sickness
(2) The swelling has great prognostic value Furthermore 1t 13 of general
nterest that the regional swelling mforms us of which area of the skin the
mdividual lymph node corresponds After an mnjection of serum subcu
taneously mto the skin of the abdomen m the first place the lymph glands
1 inguine of the same side become enlarged If there 13 a more mtensive
1mvolvement of the lymph glands also the axillar glands and the glands
m the fossa ovahs become enlarged From this we can conclude that the
enlargement of the glands m ths latter region does not always depend upon
alterations n the genital region or 1 the lower extremmties

The development of the lymph gland swelling after mjections of larger

of serum sub: Iy wnto the skm of the abdomen takes its

course 1 the following manner Seven to eight days after the injection a
gradual 1ncrease 1n the size of the ingumal Iymph nodes on the side of the
mection 18 noted The p: 1y palpable or lentil-sized ingumnal glands
become pea or bean-sized more succulent and protrude o as to become
easily vigible 1f one stretches the leg 1 the hip jomt At the time of the
onset of a generalized eruption & further rapid enlargement of the glands
develops They often become the size of the pit of a date and larger and
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then protrude hhe s sausage At this stage they are generally spontaneously
tender and senmtrve upon pressure Dunng the first days of the genersl
symptoms the swellng of the lymph nodes generally mereases somewhat,
also extends to other lymph gland terntory and m certem cases wereases
to & generalized adenopathy As mentioned above, next the awilar and
crural lymph nodes on the same side are mvolved, then theee as well as
the inpuinal glands on the otber side In some cases pea sized, succulent
glands are felt at the side of the thorax and finally the glands at the neck and
belund the ears become nvolved The enlargment of the Jymph nodes
confinues until the disease 15 nearly ended, only the tenderness disappears
eathier When the glands become smaller, softer and are less protrudmg
we can mfer that the end of the disease 1s near The swelling of the glands
precedes the onset of the dicease and starts o recede before as terminabion
Herem 1n this behavtor of the lvmph glands, lies 1ts prognostic value Only
Nty do new enl ts of the glands develop with a reaceur
rence of symptoms of the disease
Franz K 13 years old 1/5-2/20/04 Scarlet fever, medium severe (I11) 1/5,3 00
pm ,200ce scarlet fever serum No 8 dated 8/18/03
Glands before injection In axlla fentil-sized, 1b 1pgwne up to pes-sized on the
night mde Spleen not palpable
20d day The side of the 1njection painful, some edema extending towards the
back
3rd day Glands the same During the next days nothing of smportance The pan
at the gite of the mjection disappears
Bthday Ingusnal glands pratruding on the right side more than on the Jett, on the
nght side two glands togetber date pit szed and one bean-sized, on the left sde
several bean mzed
9th day Amllar glands right bean aod lenti-mzed, on the left aide pes swwed
In ingione as on 1/12
10th day Temperature 37 8°-37 0° Yesterday in the forenoon eruption of urhicansa
at frst on the face, later spreading over the reat of the body Today almost nothtng
to b seen Mottled redaess on the Sexor surfacs of both fore arms Spleen distinetly
palpable 1 em before the costal margin Glands

okt and beft
Axillar Several aver pea-sized
Ingumnsl Distinetly protruding two about bean-aized and

several under bean sized

Face somewhat edematous
m.h dsy Temperatare 37437 4° Yesterday new eruptions of huves In the
= mor
«  ogly
. on
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14th day Temperature 379°-373° Yesterday pain in geveral jonts Ingumnal
glands s hittle protruding, not so succulent anymore Crural lymph nodes, bean-
sized, stll protruding

15th day. The swelling of the lymph glands subsding

16th day Ingwnal lymph glands eoft, not protruding, below bean smzed Face
shghtly edematons No edema over the tibize

17th day Temperature 38 0°-37 3° No ragh Ingwinal glands soft, they and the
crural glands getting smaller Spleen gomewhat smaller, palpable below the costal
margm

I
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19th day Spleen a httle behind the costal margin Inguinal glands below bean-
exzed, soft

23rd day No fever Ingmmnal glands eoft, rather long narrow In the night axlls
Ientil sized, glands on the left side palpable The glands at the mde of the thorax not
palpable anymore Feeling well

In this ease the prognostic value of the swelling of the lymph glands is
evident, because 24 hours before the eruption a rapid mcrease m therr size
was noted, as was a decrease before the end of the fever and edema, also
here, as 1n the previous case, the acute enlargement of the spleen 15 found
to run parallel with the swelling of the glands

o~
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Marie A& © years old, 4/16-6/5/04 Scarlet fever mediam severe (I1) Inguinal
glands palpable 4/16 at 10 00 pm 200 ce scarlet fever secum No 5 subeutane
ously into the nght side of the abdomen

2ad day Site of the mjection somewhat awollen and tender (traumatic)

3rd day Site of the mnjection a little tender

4th day Site of the snjection 8Bows no resction

8th day No fever Throat clean Rightinguinal glands larger than left, shaped
Like & epindle and besn-mzed

16th dsy No fever Yesterday afternoon eruption of fresh hyves on the back slso
today some scattered on the back and around the ste of the injection Cheeks
mottled Mauld itebing The same glands pot fender

iopy
Daga 23ki ol $ - W5 222 z
Bosy Wit 9 1 F bl iy L ANNNR
AW RS IR
i [RNEN
il
i T
hal 4
» ‘—**-"{*;

Lyriph Glend 7
Swslling
Lt RENE

Crarr XV

1ith day Temperature 376° 37 4° Yesterdsy numeraus huves an the face and
extremities Today only a few fresh hives on the lower extremitied

12th dsy Inguinal glands av on the §th day No tewperature Yesterday genetal
szed urticans eruption today fresk eruption mostly lentil srzed hives on both knee
oot and thesr prighborhood lsrger bives on the extensor suriace of the tabia
Large hives on the dorsum of bath feet Intensive itchivg Throat pale

18th day Na fever Yesterday hives on the face sfem snd thighs Todsy fresh
Raves over the tensor surface of both ankle yoints and ob the dorsum of the hands
The ekin of the latter region 1s thickened through sccompanying edema, the Sogers
ate awollen, the matihity o the finger joints 8 reatricted

9lst day “a fever lsclated fuves on the Jower exiremities from the knee joints

down
0&:&& day Nofever, no rash Lympb gland swslling has decressed
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The mportance of the swellng of the lymph glands 2s & symptom of
serum stekness 13 demonstrated by the followng case

Heinrich S Scarlet fever of moderate wtenmity (II) On 3/6 at 6 00 pm 90 cc
dned serum “Hoechst ” At the time of admussion several Jymph nodes 1n 1nguine
below bean e1ze Injection on the right mde On the 7th day the ngmnal lymph
nodes wers still below bean size

8th day In mgume on the nght side bean sized protruding lymph glands The
other Iymph nodes unchanged

12th day The glands 1n imguine a httle more succulent The Iymph glands m the
fossa ovalis pea-muzed right larger than left No rash

14th dsy Ingumal lymph nodes continue to be succulent, protruding & httle
over bean-sized

Days 18 %

15
T
11

5 )

-~ e Tocksizebim [~

1
Tymph Gland
Twellng | |

Caarr XVI

17th day No fever glands the same No rash

19th day Tomght restless Itching In the morming unversal rash composed of
small maculo-papulous spots At the rounds this eruption was present on the back,
particularly on the left mde of the body and on the flesor surface of the upper extre

mties . \ o

1
3

a a
of & rash

2lst day Slan pale

25th day Glands 1o 1ogune besn sed 1o longer suceulent just  hittle prom:
neat Feeling well

Inferring from the tume of appearance of the rash m this case the serum
sickness would not have started before the 18th day after mjection We
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see however that aiready from the 7th day after ijection the lymph glands
grew larger and remamed bean szed for over a week, only then did erup-
tions of rashes and fever appear 'The swellng of the glands and other
symptoms disappeared simultaneously Thus late onset of fever and rash
18 ymportant for the problem of the meubation tune Which day should be
considered as the onset of the disease? Upon the beginmng of the swellng
of the lymph glands (7th day) or on the 18th day after mjection when fever
and rash appeared?

This difficulty m determining the begmmng of the disease partly ex-
plans the varying stat ts of authors e the duration of the
meubation time

Less frequent than the ymph gland swelling 1s & pereeptible enlargement
of the spleen, which lasts at most only a few days We refer to the cases
Franz K, p 40, Ch X1V, and Mare 4, p 42 Chs XIV and XVIU

Finally the lymph gland swelling may also be the only symptom of serum
sickness

Leopold F 10} years, 5/17/04 Scarlet fever moderately severe (I1) 4710 rmjection
of 200 cc searlet fever serum No 6 dated 2/10 into the night side of the abdomen
Rite of 1jection somewhat tender at the begiuning Inguinal glands a httle tender
upon ad narrow, long, spindie-f d From the §th day on there was &
awelling of the lymph glands which continued growing larger until the 11th day
‘The swelhng declines from the 14th day No fever no exanthema

Gaston Porz found m his study of the pathology of lymph glands m
serum sickness that, along with considerable enlargement, there were al
terations 1 the parenchyma Fumdings m men have not been collected as
far as we know Czeczownczha (Zentschr £ Hikde, 1903) treated rabbits
with goat serum and exammned the mner organs histologieally

P T3

T €A Al md o X WK ear

bt

color was brought about by numerous granul and seattered droplets,
which were deposted into the cells (enlarged lymphocytes and swollen
endothelal cells), filling them up very densely The granul could be
stamed scarlet red orange red with sudan ITI But 1f osmuura acid vas used
the results were nregular Czeczowrczka thinks that this substance belongs
10 the group of Iipochromes

As for the rest no partieular findings concermung the Iymph glands could
be recorded Sometimes the lymph smuses were dilated Smnilar aceumula-
tion of hpochrome was found by the suthor besides fatty degeneration 1
the liver, particularly m preformed cavities of the mtrascinous septe
They may correspond to lymph spaces, whereas artenes, veins, bile ducts
and Liver blood capillanes have been free from such alteration In the
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spleen iczka found much pi and in the region of the Malpighi
corpuscles accumulation of lipochrome, in the kidney fatty degeneration.
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The bone marrow appeared nch in cells, frequently lymphoid, in the
bone marrow cell many mrtotic figures were seen

LEUROPENIA

The importance of the leukocytes for the changes going on in a diseased
organism makes 1t seem worth while to use ot least the crude method of
counting the number of leukocytes m serum sickness.
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16
17

TABLE 2

Lenkoaytes smong the Lymphocytes

Remarks

wanger | Abe | mn

14,100 - —

13,98 | 2100 | 15

13,620 - —

14,000 - —

17,840 3,000 18

16,120 - p

15,310 | 280 | 15

15,480 — Z

15,580 —_

13,620 - —_

8,0301 — — | Furst drop

12,500 - -

13,420 | 3,600 27 Mononuclear cells, stuilangly many large
mononuclesr cells with broad proto-
plasma  The nucle: sometumes show
notches biscurt forms, here and thers
diffuse stammg of the protoplasma
(Tuerk solution)

4,600 [ 2,310 | 495 | Leukopema, relative lymphocytosis

5,500 2,820 5 latively arge
cells, about 09% Eosmophile cells
Boanty

2,8%1] 1,639 | 65 | Lymphocytosis more pronounced Among
them also larger forms with brosd pro-
toplasma which proves partly homo-
genous basophil The remamng cells
mostly polynuelear forms with neutro-
phil granules Besides them mononuclear
leukocytes with neutrophl granul and
transitional forms Lomnophiles very
scanty

5,800 2,240 33 5 | The 1ncrease 1n comparson to yeaterday
came sbout on basis of cefls with neu~
trophile graneh In the dry shde 1s seen
that the regular polynuclear cells are
present 1n relatively small numbers
There are relatively numerous leu-
kocytes with farge nucfer wiich fook
partly round, psrtly longish or hidney
formed The protoplasma shows in the
majority of cases, basophil, and oce
camonally, also neutrophile granult
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TABLE 2 (Continued)

Leukocytes among the Lymphocytes

after Rematks
wen| i, | Al | e
day
20 7,140 2,180 30 8§ | The true lymphoeytes are rather in the

munority Numerous large and tram-
stional forms The number of poly-
nuclear eells has nsen since yesterday
The increase of the total number 15 al-
most entirely due to them A further
ncrease 1n the leukocyte count 15 ex
pected for tomorrow because of the
presence of many young cells

21 8,820 |ca 4400 | 50 Ameng them only 50% regular polynuclear
cells All other cells are mononuclear
and m a less degree lympbocytes
Mostly large forms with a large round or
longish nucteus

43 Only shght polynuclesr leukopenta
8,120 3 020 37 Among the mononuclear cells lympho-
eytes are prevailing No large forms but
atill many transitional forms

3%
*
g
»
g

The authors, who up to this tume counted leukocytes after an mjection
of serum, bmited this exammation to the first days after ijection, that
15, to the first days of the k period This ting was done mostly
for the purpose of studying how the number of leukocytes 1n o disease 13
mfluenced through the treatment with serura We however were particu-
larly interested to study the leukocyte curve during the height of the serum
reaction Therefore we made daily leukocyte counts throughout two fo
three weeks For carrying out this counting we wish to thank Dr Eugene
Fromm

In some cases no worth while changes in the counts were found

Those cases, 1m which any reslly more sigmficant alteration i the feu-
kocyte count oceurred, showed a very umform behavior (Chart XVIIT)
The leul ocyte count rises moderately during the bation perod and sud
denly falls considerably wth the onset of the symploms of serum sichness
The leuhocyte curve reaches a low pomt from whch the curve rises
towards the end of the sickness to normal The course of the sichness 1
Karl L 's case has already been described m detail on page 10 Here we
also consider the results of the leuhocyte counts, which was carried out m
ting case by Dr ron Reuss, to whom we express our thanks (table 2)

We obserse therefore that the intenswe drop tn the number of leukocyles 13
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due almost excluswely to the reduction of the number of polynuclear cells
The total number of luekocytes drops from 14,640 on the 7th day after
njection to 891 on the 18th day The followng merease of the total num-
ber takes place by the formation of new polynuclesr cells, the reappearance
of which 15 announced by young forms The mononuclear cells seem to be
at first sight rather unchanged But upon closer examipation we see that
they are altered too With the onset of the relative lymphocytosis many
large mononuclear cells appear with broad protoplasma as well as transi-
tional forms, which disappear when the total number of leukocytes agan
T1se8

In one case we made the peculiar observation that the leukopema was
the only objective symptom of the serum sickness

Dr R Dekne Total number of the leukocytes after mjection of 14 cc.
antitetanus serum.

Before 1njection 8,500
Dy of mjection 9,000
20d day 8200
3td day 7,400
4th day 5,000
5th day 7,600
7th day 8,200
8th day 4,800
9th day 5,200
10th day 5,500
11th day 5,400
12tk day 2,600
13th day 2,500 Jowt pam Towards evening feversh
i;?}: gg 8800} Foelng suok
16th day 11,000 Feelng all right
17th day 9,000
Sub y there existed 1 ly an feeling of bemg
s1ck, weak and ext d The case a coll who mjected him-

self for experimental purposes with 14 cc tetanus antitoxan Therefore we
can accept the subjective symptoms as eorrect This subjective symptom
complex may occur especially with children more often than we can prove
‘Whether or not the Jeuhopema may be the cause of the subjective symp-
toms we are not able to Judge (Chart XX)

This behavior of the curve of the leukocytes reminds us very much of
the leukopenia during the stage of eruption 1n measles, smallpoz and vac-
cinalion

The chart on page 52 scrves to illustrate this sumilanty, the figures of
which we have taken from the fine study of Sobotka, dealing with vaceina-
tion
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After reijection we find the behavior of the leukoeyte curve 13 altered
@ 92)

‘The appearance of precipitin 1n the blood of the 1mjected person and the
connection between formation of precypitin and serum smckness will be
discussed in the last part of our study (p 97)
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Hartung reports among 2073 cases of serum sickness, 140 cases of jomt
pams contnbuting 1 9% Among 4358 cases of & collective study on diph
thera serum, hardly 15 of the cases showed paw in the jomnts Therefore,
jomt mvolvement 13 not evactly a frequent symptom i serum mckness
Takewse, “rheumatoid’ pam in the muscles does not occur frequently
Adults especially complain about the fatter 1n the course of semmjlfkﬂcs’,

Harlung already powted out that frequently the metacarpop
jomnts are nvolved, second 1n hoe are hand and knee jomnts The volve-
ment 1s charactenzed by p atiacks of psn mcreasng
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by touch and movement The mtensity of the pam1sm striking dispropor
tion tothe entirely negative objective findings In some cases reported 1n
the hiterature, exudate was found m the jomt cavity, the jomts felt hot,
the patells was balloting We never observed such a case

Days Atter 13 w15 1

1] 1]

<3

2500

oa00

Leucocytes
500

Terperatur

2500

We must conclude just from the negative objective findings that pan and
the whole jomnt i have a pathol 1 and 1 d.
different from acute rheumatism As the condition 13 berugn no anatomie
examinations ewst in human bemgs Beclére Chambon and Ménard found
1n calves neither microscopic nor macroscopic changes, particularly no
swelling, 1n sprte of the fact that the jont pamn was apparently very m
tensive
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As the pamfulness of the jomnts comeides with the eruption of rashes,
50 we suspected that perhaps sumlar pathology may develop on the syno-
wal membrane of the joints as m the skin We never saw suppuration of &

Dr Lazar studied the course of the leukogyte count after injection of horse serum
nto rabbits He was so kund as to g1ve us the results of his counts for publication

Data %§ Rabbut 33 [Preape| Rabtut 18 [Precps | Rablus 13 [procn | Bablat 20 ,i'%:
| Teveos e Teacocyten ik

23 4 —_ 9,400 18,600 9,700 8,900
254 _ 9 800 10,200 9,100 13 200
274 -— 9,900 26,400 12 200 9 000
29 4 2 10,400 0 23,000 o 12 000 0 13,400 | O
15 4 10 000 o 19,600 [} 11 800 ] 5,100 | O
35 6 8,700 0 9,400 18p 6,300 0 5,000 |+
45 7 5,400 - 9,100 - 7,400 - 5,200

55 8 5,500 + - - 7,000 + 3,400

65 | 9| 7,00 14,20 | + | 7,800 6,400

75 10 7,900 14,000 11,000 4 500

85 11 — 9,000 - 3,600

95 12 7,500 10,000 12,800 6 600
1ns5 14 7,800 11,900 8,000 4,800
135 17 7 600 ~— 10,500 7,200

Rabbits 23, 18, 13 and 20, bad three counts of leukocytes taken in order to deter-
ine thetr average number before mnjection After that each of these rabbits received
on 4/28/03 135 of their body weight of hotse serum From then on about every day
blood was withdrawn for counting the leukoeytes and besides that the content of
P and of the le gub: was determined The 1ast negative and
the first positive result of examination for the presence of precipitin 1 recorded
next to the figures of leukocytes

The drop 1n the number of leukoeytes occurs 1n the rabbits eatlier than ix the
human bemng 1n three rabbits on the 6th day, 1n one rabbst already on the 4th day
Only rabbit 20 shows very low values (3,400}, whereas rabbat 28, which gave the most
regular figures, dropped from 10 000 to 5 400

The precipitin appears one to two days after the drop of the leukocyte count,
& faet which indieates a connection between these two phenomens

jomt, also never a disturbance of function afterwards and never comphea-
ti0ms mvolving endo- or pericardum

The pamfulness of the jomts makes the mvolvement of the jownts one of
the most unpleasant symptoms of serum sickness, particularly if several
jomts are mvolved The only consolation lies 1n the fact that the process 18
bemgn and that the d quickly Salicylates do not mffu-
ence the process, one may safely forego their use Subjectnely the most
pleasant are cooling wet dressings with Burow’s solution
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The following case shows, n the second week after the mjection, a series
of eruptions of urticania which were accompamed by edema but not with
fever Then on the 15th day high fever set m, at the same time the jonts
became painful, the mvolvement of the joints spread rapdly over all
jomnts, neluding even the jownts of the jaw so that chewng was made
difficult Only an 1nd erythema d the period of the n
volvement of the jomts Furthermore, the spleen was swollen
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Mary F 8 yours, 4/18-6/20/04 Severe scarlet fever (I1I) 150 cc Scarlet fever
gerum No 5, Vienna, dated 2/12 was mjected on 4/18 at 9 00pm on the nght mde
Inguinal lymph nodes on both sdes bigger than millet grams Until 4/23 nothing
Boteworthy

- st fhn mann ar nt onoof hives
the
left,

but below leatil s1ze

13th day Temperature 37 4° 37 3° New eruption of a few hives

14th day Teclated hives Today a fresh eruption of hives on the forebead Pale
remnants of the rash on the lower extremuties

15th day Glands the same No fever Some hiveson the forehead and on the face
only,

iﬂ day Yesterday afternoon sudden onset of intense pain 1n joints of the hands
and feer Sating up was smpossible Could not sleep at night Temperature st 7 00
Pm, 392° Face distincily edematous Cheeks spotty, reddened Conjuncliva 10+
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jected Panon chewinginboth jawjomts Today pamin thelefthand and Singer jomts,
also m the jornts of the left leg No difference 1 the skin temperature between right
and left No visible swelling Lymph glands 1 ingune night Jess than Jentil sized
left palpsble both sides tender On the anterior exde of the chest indistinet spots
Bpleen distinctly palpable a hittle below the costal margin hard Heart action exeited
heart sounds clear

17th day Temperature 39 338 4° Vesterday urticaria on the face snd intense
pan m different jomts Taday norash Pasa only 1 the left arm The ingutnal lymph
nodes less tender

18th day 380°-37 1° No pamn

19th day Temperature 38 0°37 2° Feeling well

20th day No fever

EpEMA AND ALBUMINUBIA

According to custom we place these symptors side by side without any
mtention of stating that we consider the edema as an effect of & kidney
disease On the contrary, just in serum chsease 18 3t clear that edema and
kidaey sy p d d sy Edema 13, 1n the coutse
of serum disease, an almost regular symptom, while albuminuem 15 only
rarely observed

The localization of the edema 1s similar to nephrtic edema b 1s seen
above all on the face, only m the second ploce on the dependent parts of the
body The edema s therefore certamnly not an edems due to congestion
The determmation of the amount. of edema 15 best earned out sith & scale
according to the idea of » Pirguet, who at first nsed this same method m
nephntis The advantage of the method lies 1n the possibihity that one can

h the d of the shsolute smount of edema Further
more, emall amounts of edema which could escape detection by the eye,
can be determined objectively The weight 18 taken danly at the same tise
every morning

In order to evaluate the curve, which 18 composed of the separate darly
weights, we make the well justified assumption that, m case of fever accom
panmed by loss of appetite & gradual loss of weight 1s to be expected i
we see that m emte of these facts the weight increases, we asenbe this

merease m weight, not to an increase m body substance, but to edema Mo
conelusion can be drawn from only two successive figures of wesght, but
the total werght curve must be considered before passing judgment

‘The problem will be clanfied by the following

- 1
: )
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might run, perhaps, a parallel course to the loss of weight dunng the first week of
scarlet fever According to this assumption the body weight should have gone down
to about 1260 kg Instead of that the body weight nses from 1340 kg to 1440 kg

At the same time we find 1n the record of the case the note that the face, particularly
the eyelids, looked very edematous for many dzys We now take this diference be-
tween the supposed and the actual weight curve as edema, and get 10 this way st
least an approximate 1dea of 1ts amount In this case 1t amounted to about 1 50 kg

7.8 1415 2122 27|
T

Dayr 1

BodyWeight
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3
Exantheme

Lymph ¢ o1
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With the retrogression of the serum symptoms, the body weight falls
more or less rapidly to 1ts true level The edema was excreted and was not
visible anymore After having reached the lowest pomnt the werght curte
again nses This nse 15 due to a real mcrease of body substance (see Karl
A, chart on page 46)

',I'he duration of the edemsa corresponds to the duration of the discase
The decrease of the edema has a prognostic calue similar {o the duminution of
the lymph gland swelling

If albuminuria appears at all as a sign of initation of the kidoess,
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1t does not set 1n until several days after the onset of the edema These
authors, who until now occupied themselves with the much disputed prob-
Tem of ait 14 after serum looked for the albumen immed:
ately after the mjection or during the days following the injection of serum
But albumen 1s found only at the height of the serum sickness, 1 the second
or third week after mjection In our eases the amount of albumen was
never higher than } pro mille In the sediment free red cells and hyalme
casts are found The amount of blood 1s always so small that 1t can not be
detected macroscopcally
We never saw hemorrhagc nephritis due to serum as has been described
by Freymann, Guanon and Rouffillage We are, 1n this respect, 1n agreement
with all other authors Taking mto consideration that serum therapy was
chiefly used against diphthena and, by us, also aganst scarlet fever, we
must be particularly careful n judgmg albuminuna and edema, because
both these diseases may themselves lead to serious kidney mvolvement
The clinical observation of the symp can supply d 1
dhagnestic clues, which permit us to separate them from the symptoms of
diphthena and scarlet fever Diphtheria shaws no edema even with severe
kidney damage Edema develops only on account of weakness of the heart,
and then 1t presents the character of edema due to congestion (von Pir
guet) The symptoms of an wrritation of the kidneys i diphthena start
almost always during the first days of the disease, show only a shght forma
tion of sediment and a small amount of blood, but often show & substan
tially higher amount of alt Besides, the d between albu
minuna m serum sickness from the diphtheric form has httle practical
importance, because, m consequence of the small amount of serum used 12
the treatment of diphtherna, albuminuna due to serum hardly ever occurs
‘The situation 18 dfferent if we inject large amounts of serum as we are
accustomed to do 1n scarlet fever Here the question more often arses
whether the edema and urine findings are due to serum sickness or ecarlet
fever Edema with negative urne findings at the height of the serum mck
ness one can almost certamly relate to the serum The simple edema of
scarlet fever described by Quimnke m some cachectic chuldren 18 certamly
very uncommon We did not see any such case among 500 cases of scarlet
fever observed during the last two years where we carned out exact deter
mmmations of body weight Furthermore, the edems due to serum starts
sbout one week earhier than the edema of scarlet fever nephntis In the
yure cases where we find edema together with urine symptoms, the differ
ential diagnoss 1s faciitated by the time when the sediment appears
Large amounts of albumen and blood, a mass of sediment, indicate with
certamnty the presence of searlet fever nephritis Likewise, uremie symp
toms and mtensive edema prove the scarlet fever character of the process
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m question, as edema due to serum Leeps within moderate limits, uremic
symptoms never develop We never saw an sccumulation of edema flud
m the pleura or 1n the perttoneum No hypertrophy of the left ventnicle
occurs, the blood pressure 13 not matenally influenced

We have seen some cases where, in the couse of the serum sickness and
the accompanying edema and albuminuna, a true scarlet fever nephritis
developed In the followmng case 1t can be shown that the onset of the
nephritis 15 sometimes well marked (Chart XXIIT)

The serum sickness starts with a nse m body weight on the 10th day

. o PR S

with the naked eye The edema disappeared with the fall of temperature
Suddenly on the 17th day of the scarlet fever albumen 1s found 1o the urme
mn large smount (more than 1 pro mille) Two days later the curve of the
body weight rises sharply, so that after the elapse of one week 1t surpasses
the mimimum weight of the patient by almost three kilograms From this
pont on the body weight and the albumen 1n the urne decreases gradusally

Hewnrich 8 10 years old, 1/4-3/13/04 Medium severe scarlet fever Moderate

throat aymptoms Injection of 0 cc scarlet fever serum No 12 on the 4th of Jaguary
811 00pm mto the night side of the abdomen Glands

gkt s
Axillar Below lentil-sized
Ingmnal Pea s1zed Below bean

2nd day The region of the Injection and 1ts neighborhood swollen, very tender
Towards the back aad upward s balf sphenical swelling the s116 of & baby’s head
(poor resorption)

3rd day Temperature 402°382° The scarlet fover rash mereased dunng the
day and is still today vivid red and small, misible on the back Other places show an
distinet zash Durng the night restless, hallucinating Today fresh Throat less
swollen No evudate on the toomls The site of the injection less swollen but tender
Spleen palpable

4thday Temperature 39 0°-33 0° Night restless this morning much fresber Rash
has faded, fine desquamation 18 starting Glands the same Throat paler, Jess swollen
80 that the epsce in the pharynt 8 twice a3 large compared with the width on admua
sion Spleen palpable below the costal margin

5thday Temperature 38 2° 37 2° Fine desquamation, remnants of the rash

6thday Inguinal lymph nodes below pea size and longish

8th day Skin pale, no fever

9thday Intensive desquamation on the iside of the left upper arm on the right

tan Asnse eruption of bright red, somewhat

) both upper arms
tion of medium

tolarge vivid red, distinetly elevated maculse on the leit siue confluent to large
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aredas On the lower part of the back less red and more 1solated maculze Lymph
nodes

gkt 123
Axillsr Over pes-sized Bean muzed
Ingmnal Many below bean-sized

11th day Temperature 39 0°-380° Yesterday afternoon an eruption of amall,
loosely arranged, vividly red, somewhat elevated maculse on the stem Densely
arranged, up to lentil mzed maculo-papular eruption appeared on the calves and
doraum of the feet The eruption is today still very distinct and vivadly red Isolated
maculae also on the thighs and tensor surface of the upper arm The maculse de-
sonibed yesterday flatter and paler Face free from rash, shyhtly edematous

12th day Temperature 30 4°-38 6° Body weight mereased 450 grams Face dus-
tinclly puffy Edema of the dorsum of the hand Yesterday's maculse paler, however
there are fresh eruptions (maculae) 1n the face Densely arranged more papular
rash on the extensor surface and mner surface of the calves and the dorsum of the
feet and also on the extensor surface of the arms from the middle of the upper arm
down to the lower end of the forearm On many areas the rash has the appearauce of
28 erythema exudativum multiforme, wbich 13 brought about by the paleness of the
central part of the eruption Lymph nodes

ight unt
Axillar Several more than pes sized  Hazelnut-mzed
Tnguinal Both sides bean-smzed, protruding not tender

13th day T 394°-392° h d, no special

complant, httle sleep at mght Yesterday new eruption of maculge which are today
paler Fresh esuption of maculae on the dorsum of the hands and extensor surface
of the forearm to the middle, as well as on the extensor surface of the fngers The
rash 19 maculo-papular, i size from pin bead to larger than lentils Many maculse,
10 the center, paler and flatter Sumlar eruption of & few spots on the skin over the
patella Face Jooks puffed Glands the same Loss of weight

1th day Tempersture 30 7°-39 0° Yeaterday and today more exhausted than
usual Night restless Pain i the left ide Yesterdsy new eruptions This morning
10 fresh epots Generalized desquamation Lymph glands

ke wn
Axillsr Pea mzed °
Ingumsl Several bean-sized Shm, larger than beans

Glands everywhere less sticeulent and domot protrude 8o much i mguie

15th day Temperature 39 0°-38 5° Night sleepless, today in the mormng still
tired Body weight went down no rash Face less pufly The inguwnal Iymph nodes
softer, smaller, bardly protruding any more

16th day Tn bad bumor During the night pamn 1a the abdomen Norash Desqua-
mation less, face less puffy The body weight 13 gong down The abdomen all over
tender by preesure

17th day Temperature 39 1>-33 4°
paID, no rash Mucous membranes anemie
On the right side one gland less than bean-size

small glands, not tender
18th day Temperature 33 8-°37 6° Towards evening abdominal pain agun Blan

A little quieter, complains stall of abdom:nal
Inguinal glands co longer protruding
4 otbermse on both mdes longisb,
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pale, no rash Face only shghtly puffly Ingwinal glands larger than peas soft Spleen
1em belund the costal margin

19th day Temperature 37 4°-37 0° Face pale, almost no puffiness

20th day Temperature 37 5°-37 0° No rash, appetite better

215t day Nofever Inguwinal lymph glands larger than pea sized

23rd day Heart action a hittle athythme

24th day Until yesterday the unine contained traces of albumen Today urnue
550 cc reddish, much sedument Patient 1s decidedly mare exhausted No visible
edemsa Body weight increasing Heart action arbythmie, slow Heart sounds are
clear

25th day Amount of unine, 500 cc Body weght snereased 850 grams Unne cloudy,
shows a great deal of bloody sediment The sediment contains red blood cells, nu

1

27th day Yesterday small macular eruption on the face Today only psle red
remnants visible on the left side Vivadly red maculae on the extensor surface of both
arms, also on the lower extremities Glands the same

28th day Temperature 38 §° 38 4° Yesterdsy afterncon a mottled redness over
the whole body Today skin pale

29th day Temperature 37 6°-38 2° No subjective complaints Face distinctly
puffy Also on other areas of the skin finger impressions permst Urine 350 ec (specific
gravity 1017) Dark reddish brown sediment Heart dullness not enlarged Heart
sounds somawhat hike murmur

20th day Temperature 37 6°-37 5° Night very restless Complans about ab
dorunal pain Nosze bleeding, today very tired, nauses Very little food 1ntake Unioe
450 cc (speaific gravaty 1015)

3lst day Yesterday during the day tired, afternoon stanng look sometimes con
fused Pulse not particularly tense Vemited once At 8 30 pm onset of uremic con
vulssons, losa of consciousness The convulsions are mostly 1n the right balf of the
body Uncoordinated movement of the eye balls The convulsions are tonic-clome
Pupils were wide, not reacting tolight Pulse 150, tense All vessels isibly pulsating

Immediately after the onset of the convulaions & venesection 18 performed gn t&a

reddish y;llow Patient 18 still quite exhausted Sensorium free Heart dulln:!s
somewhat enlarged tothe left Apex beatinthe 5th 1space 1n the

line Heart sounds clear

32nd day Temperature 38 0°-37 4° During the day happy, mghts quiet Loss of
body weight Unine 300 cc , contains less blood

34th day No fever

35th day Profuse diuresis
37th day Face pale plenty of unne which contains a trace of albumen

46th day Heart
It 13 easly understood that we tried to develop an idea as to what El:l
portance the edema plays 1n the course of serum sickness We are of :he
opimon that the edema 13 & primary symptom of the disease and not the
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P m of a dary damage It 12 ] to the rash and the
Iyraph gland swelling The edems 1s not due to congestion or msufficiency
of the kidney Our conception 1s corroborated by the close relation between
urticarta and edema This we see most clearly 1 the eruption of urtieana
1 the face

Garmer and Sabaréanu found that at the time of the purulent dissolution
of the smallpox eruption the body werght nses These two suthors are of
the opmion that, this merease of body weight 15 due to & localhized mflamma-
tory edema which belongs to the course of the reaction, and that 1t 15 neces-
sary for the healing process We consider that the edems m serum sickness
17( m smilar way a symptom sccompanymng the pathology created mn the
skin

BEHAVIOR oF THE Mucous MEMBRANES

T e al e sl ness
" ¢ of
£ . . hmg

serum mckness from Scarlet fever and measles Contrary to the hndings of
Hartung, we have never seen a case of tonsillitis due to serum 1 spite of
our attentsve observation
Mya reported that children who were mjected with diphthersa serum
agamst croup agan showed symptoms of stenosis of the larynx dunng
serum mckness The cause of which 1s the development of a subglottic
edema He explans the connection with the assumption that the mucous
membrane, damaged by the dsphthera process, 13 predisposed to the de-
velopment, of swellings
‘We report; one case of subglottic edema that came under our observation
~ ~ ®  aaaernunand had to be imme
N3 on
.. sper
1 chuld
v, Vv

complained about pain 1n the fingertips and toes 5007 #1LELWalus Ly »
Al o amnnarad an the legs Temperature rose to 37 9 .

However 1t was not seldom that we found simultaneously with other
erum symptoms, signs of a dyffuse bronchtis, and in some cases bloody
diarrhea develops lasting several days As Harlung has already remarked,
the eausal connection between bronchitis and serum sickness eannot be

P
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proven, however such a connection between bloody diarrhes and serum
sickness seems to us very lkely We could never relate with certamty
rhantss and conjunetitis With serum sickness However we have twice
observed, simultaneously with shin eruption, lentil seized red elevaton
m the comunctive of the bulbus See Josef W, p 33 On 218t day, Egon
E, p 26 on 18th day

Tae GeNEraL Stats oF Heavtn

e have mentioned before, that m mud coses of serum sickness the
geveral state of health 15 remarkably bitle affected The good general
state of health 1s frequently 1 contrast to the hugh temperature Restless
ness, whining d easy writability oceur very f ly, Crynm
reports in s case sympioms of peurasthemma Vomting 1s very sare
Only if the sichness lasts very fong does the patient become very tired,
loses appetate and 1n the severest cases may become considerably prostrated
In connection with the small mtake of food such patient become emaciated,
which 15 particularly ble after the disapp of the edema Thus
lass of weight 13 analogous to the loss of body weyght 1 evpenmental
ammals after repeated serum imjections But even in extremely severe
cases no danger to hfe exsts The severest case of serum mckness We cb
served 18 the following

Chart XXIV, Max P

Hete we see fever penods in the 2nd, 4th, 5th and Tth week after 2
2ection which resemble each other Sudden onset, and nise of temperature
m type followed by lysis Exanthemata and g hized lymph

gland ewelling are present during the first and second perjods Tracesof albu
men accompany the sccond 10 fourth penod Edema was observed through
out the wholc course of the periods At the anset of fever taeressed retenion
of flmid ocourred The greatest mtensity of edems, was seen simultaneously
with the fourth period of fever From then on the edema. was excreted but
not untit the tenth week did 1t yield to a real gain in body substance repre
senting reconvalesecence In the sense of medical history we must count th3
chinieal preture of 8 nime week duration as & chromic disease ending in
recovery Thuswe sec that we have before us & chronic disease produced by
& simgle mjection of 8 substance which can not multiply The pecubianty
s case 18 that one njection can produce & repetition of four amtlar
perods of symptoms of a diseaso scparated from each other The prinesple
importance of this observation 18 not reduced by the exccptmm!,nznt)' of
such cases, we do not lay any particular value on term “chromc” becsuse
we haie seen all transitions {rom this case to a case of shory duration




CLINICAL ASPECTS OF SERUM SICKNESS

AIXX 2uvag A

T T T T
1 i T Hvﬂ. waung
T H 4 ELEERREATEY -
i
KRN _ I wn de
T il
! Coocds e ] g
\'r A
] T 0
H ] ) .
RANRRANRANJ RN, g . BY RERNEY m:hﬁt
ERRNERRANANNRIN 15
FRRN, Uﬂl LT
Zami
] I T
H ¥ it ﬁuﬁ_ *
1: T i u
i it
AEARRERNNNNERANUNNIR
]
O T T T T T I 5
O ExiZ3 EE] CL3 E:13 e ri L she




bt RERUM SRUANESS

Dirrerextiar. Diaeyosis

The amslanty of the rashes during the serum sickness to the rashes 1
seatlet fever, mensles and to toxic rashes often makes the conaideration of
differential diagnoss necessary Purthermore we often have to deads the
question, whether solated symptoms such as fever, albumen, edems are
due to the serum  Injections almost aleays mvolve sick sndividuals exeept
1 cases of wmmunization and the primaty disease 18 not entirely ehmnsted
by spectfic treatreent In the first place we should not make the mustake of
assumng that 1 every ease of unexplaned fever at the time of serum
symptoms this fever 13 to be asenbed to serum

From the pommt of d 1d scarlet fes er and measles are
themost important diseases Relatsve to this Baginsky, Monts and Hortung
have slready ealled sttention to mmportant characienstse distnctions Of
wnportance we der the following symp whaeh favor the disgnosis
of serum sichness

1 The tame of the appearance of the rash (7-14 days after inpechion)

2 The first eruptron &l the sile of snjection

3 Regqional lymph gland swelltng

4 Complete absence of symptoms en the smucous membrent
Powst 4 mahes i easy to disttoguish measles from serum sichness th
shsenee of Koplth spots, coryza, and Thg 4 £l
didferential festures To dstigussh seram sickness from scarlet feser 18
most difficult, 1t 15 sometimes mnpossible Tn many cases only the spread
of the disease to other children, the apy of charactenstic desy
tson or the onset. of b h phntis elsnfies the showing
that, the supposed searlatinform rash was true searlet fever Lemner re
ported such a case Influenced by thuy some authors questioned the exstence
sltogether of & scarlatimform rash sn serum sickness We haye seen cases
showing & scarlstunform rash, where we could state with certsity that it
belonged to serum sickness On the one hand children who were treat

with serum on aceount of searlet fever developed in the course of sepim
symptoms s scarlatmform rash without sny other sign of & relepse of
scariey fever, on the other hand we observed the followng twe chr}dnes
developed 5 searlatimform rash after an myection of diphthena serum 0
were for that reason transferred to the searlet fever ward After & few day3
they developed & typical searlet fever

A:.’s dxsnngx\);:hmg featutes of searlet fever 1n contrast to the scarlsta?

form rash m serum ssckness we can oite the follawng
miting st the onset
; X;e eus%ence of a sore throat and mflammatory redness (Enantbems)
of the mucous membrane of the mouth at ihe same time a8 the res

3 Yery high temperature

8
t




CLINICAL ASPECTS OF SERUM SICKNESS 65

4 Inahospital the outbreak of searlatimform rashes at the same time or
1 short mtervals The value of pomt 4 lies 1n the fact that scarlatiniform
tashes are rare 1 serum sickness

The distinction of toue (mostly drug ) rashes from serum sickness would
often be very difficult, 1n reality there 13 rarely an occasion fo mzke such 2
decson The symptoms of serum sickness do not develop until several
dags after njection At that tune the patient 1s treated for s pnmary
disease If & drug would be admimstered which according to experience may
&t tumes produce rashes, a repeated admustration of the drug will clanfy
the problem Urticana caused by alimentary disturbance has to be more
frequently considered Location of hives at the site of the mjection and
swelling of regionsl lymph glands mndieate serum as the cause, gastro-
intestinal symptoms, almentary urticarna

THERAPY AND PROPHYLAXIS

The symptoms of serum sickness do not respond to etiological therapy
After the foreign serum 15 once nside the orgamsm, the latter 13 forced to go
through the reactions mduced by the foreign substance m order to get nd
of 1t To interfere with the course of these reactions would be useless if not
barmfal If one Iikes to discuss therapy at all, 1t could only be a sympto-
matic therapy We apply Burow’s solution on the area of the injection, if
thus region 18 tender and swollen, and on the extremuties warm, local baths
of long duration, which are found to be very pleasant The itchmg, which
mawmly accompantes eruptions of urticaria can be mitigated 1 some
measure by rubbing the skin with 1 to 2% saheyl alcoh‘ol or 19, menthol

[ N S

and profuse sweating, but the effect 13 of very short duration As we have
already d, the sahcylate has no mfl upon the jomt pains
We recommend local warm packs and baths For diarrhoese conditions, the
customary styptic drugs with dietetic measures may be tned Edema and
albuminuna do not allow themselves to be combatted

Finally 1t remaus for us to discuss the effort to ayeid serum sickness by
the removat of the etiological factor As the antitoun 83 such has nothing to
do with the damagmng complications of serum sickness (Johannesen et al),
we do not consider 1t necessary to further discuss the curative effect of
different sera From the time that the foreign serum was recognized as the
damaging cause of serum sichness, attempts were made fo free thﬁ nnt:’
toxm from the tovic substances The many efforts to produce & “pure
antitoxn have, until now, been unsuccessful "

As Ruffer and Daut proved that the smaller the amounts were of ject
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horse serum, the less frequently did the serum sickness symptoms occur,
therefore the aim was to produce the necessary amount of antitoxim 1n the
smallest possible dose of horse serum The attempts to find an artificial
concentration lead to no practical results The reduction of the amount of
serum to be njected can only be attammed by using as many horses as
possible for ton, and by sel for therapeutic use only the
sera of those horses which are capable of producmng rel ly large t:
of antitoxin and neutralizing large amount of toxin

During the first years of serum therapy sera were used which contamed
only 20 to 50 antitoxm units 1 1 ec , while now, by a switable selection of
horses, sera are produced, which contamn up to 500 antitoxin umits m 1 ce
To provide, 1n an uncomplicated case of diphthensa of the pharynx, the
1000 antitoxin units that are necessary, previously 20 to 50 cc serum were
needed, whereas to-day, with the use of serum with high antitoxm titre,
only 2 ce are needed

‘That this infl d very the d and 1ntensity of serum symp
toms, 13 seen 1n the statistics of Daut He found among 74 1njections where the dose
was 2to 15 ¢c , 5 cases of rashes or 4%, 1 28 cases injected with 20 to 60 ce of serum
32,14% We have already mentioned that when 1njecting 100 to 200 cc serum, we
fourd serum symptoms 11 85% of the cases

To Bujund we owe another prophylact Hed d that the
horse serum has a highly toxe effect directly after the removal of the blood
from the veins of the horse

On the basis of lus extensive statistics, He ! oo ™
sickness depends mainly upon the individual
Unruh believed that horse serum obtained
imtensive toxic and charactenstic effects To what degree the explanation of Bujwrd
could prove the statements of Hartung to be nght cannot be decided beczuse Hor
tung does not mention the age of the individual sera

The most violent serum sickness which we observed (P Max ) followed the 18
jection of 150 c¢ serum, which was only 14 days old At that time as an exeeption
e used sera of 4 different horses which were bled only 14-21 days previously All
4 patients showed ble similar ymp! of serum sickness But
the toxeity of serum seems to become stabilized after several weeks We also 2a%
severe symptoms after injecting serum stored for over six months

According to the proposal of Bujiud, serum 13 stored a few months before
1t 15 released for commereial purposes
Another techmieal procedure reducing the toxiaity 15 based on the ob-
servation of Spronc? He found that serum which 1s heated up to 59° Cebius
roduces almost no rashes
? 1n the State serotherapeutical mstitute (Prof Paltauf, Vienna) diphthena
serym 13 submitted to this procedure However all cases of serum sichness 1
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diphthena and after immumzation were produced by heated serum We
also heated single doses of scarlet fever serum several times but we were not
convinced of any differences m their towc effect Only when fresh serum was
used, did the heating seem to have an effect Along with the previously
mentioned 4 severe cases a serum of the same age and the same <ource
was mjected after having been heated The child showed a considerably
milder serum sickness

Probably the heating nfluences that part of the toxic substance which
also gradually disappears when stored It must be also mentioned that the
tovic substanee 13 not destroyed by freezing nor by drymng m vacuum
A method to determne the toxieity of the serum even after the mpection
of a very small amount of serum consists of an mjection m hypersensitive
persons (see p 104) In our experiments recorded on page 71 dealing with
mmunization, 1 to 2 ee serum of different ongm was appled, but we did
rot find distinct differences between normal and heated serum or between
serum of Hoechst and Vienna Our experiments on thus subject have not
been concluded

Tn any event the prophylaxis of serum sickness consists m the first place
1 using the smallest possible amount of serum

But even when large doses are admumstered severe cases of serum sickness
are the exceptions The statement of v Ranke 15 correct that in comparison
to the saving of the liwes of many patents the after effect of serum can be quuetly
disregarded



CrarTER 2
THE REINJECTION

TaE ABIITY FoR IsmEDIATE REACTION

Those suthors, who untd now have studied serum sickness, did not
pay special at to the p after 17 but dealt with
them statistrcally and clinically 1n the same way as with the symptoms
after the first injection Likewise 3t was only 1 the course of our observa
tions that our attention was drawn to the mmportant differences between
first and remjection, which exist, mamly 1n connection with the time of
onset and mtensity of symptoms

August Sch , 3} years old admutted 10/11/02 with scarlat fever and the fungus of
the night elbow jomnt On 10/11 injection of 200 cc polyvalent streptoceus serum
(Paltauf) Thereupon the patient had no fever for 8 dayy On 10720, the 10th day
after injection, fever and urticaria set in which lasted several days 10/24~11/3, no
urticaria but * hectic” fever which we related to the fungus Our experience since
that time taught us to consder the symtoms as surely due to secum sickness We
wanted to find out whether the fever could agamn be stopped by a repetition of the
serum njection Thus we injected on 11/4, 24 days after the first injectron, 100 cc
of the same polyvalent streptococcus serum 1nto the skin of the abdomen The i
Jection was made at noon, that evening the site of the injection and 1ts neighborbood
was to a wide extent edematous and ghowed diffuse rednegs Eruption of erythema
2180 on other parts of the body The fever, which was 1n the first days 38 4°, did not
fall, on the contrary 1t rose to 39 7° We first suspected an infection but no abscess
developed, on the contrary the awelling of the ares of mjection flattened out within
a few days However five to six days afterwards urticarial and small papular eruption
appeared which were very simlar to the eruption which we are used to see 12 serum
sickness

The peculianty of the case was that the same child who one month
previously needed 9 days until it reacted to the serum with sickness reacted
this time within & few hours

Shortly afterwards another case was observed which showed the differ-

ence 1n the reaction between first 1njection and remnjection even more

stnhingly
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Whereas the serum sickness after the first mjection appeared only after
an meubation time of seven days, such an incubation tume was entuely
russing after the second mjection These two cases, Just reported mduced
von Pirquet to construct & theory concermng the nature of the mcubation
time which we shall discuss on the following pages At first 1t was neces
sary to collect more observations, which was ¢arned out by » Perquet at
first with Joseph Hertzka, later with Schack, m order to find out whether
the mentioned observations exp: d a general biol 1 law

Tooking over older charts of the hospital we found sumilar observations,
the importance of which we had not recogmszed

Hewnrich K , 3 years old On 6/13/02 e recerved 100 cc_scarlet fever serum On
the Sth day (6/20) onset, of serum sickness lasting to the 26th day 7/17 34 days after
the first smjection 200 antito<n units m 1 ce diphtheris serum were mjected 10to the
Ieft arm On the same afternoon urticaria, edema of the ips Tbe nevt morming the
arm 19 extremely edematous The swelling lasted several days

Alezondrine K ,9 years On 5/28/02 recewved 180 co normal horse serum which has
no effect, on the course of scarlet fever On 6/8 (11 days aftor the injection) severe
serum symptoms which lasted to 6/17 Duriog the course of serum sickness 16 days
after the frat injecton the chuld was Jmmunized sgainst diphthersa Agsia us in the
Previous case 1 o dphthersa serum was myected into the night foresrm Ou the
following morning the skun at the site of the mjection down to the wrist was swollen,
very tender and yavadly red so that we thought at firt of eryspelas Redness and
swelling disappeared 1n several da;

Elisabeth K , 6} years admm:: with severe scarlet fever on 5/1/02 Injected

5/3 with 180 co” searlet fever serum On 5/15 after the scarlet fever symptoms had
L a3 pealted o Tash These

and pamnful edems developed on the skin of the abdomen WL eliuune v
gemtaha and thighs and disappeared only after one week

Looking over the publication of Hartung we found two cases observed
m the year 1895 where serum sickness appeared rapudly after the mjec
tion In the history Hartung himself mentions that the chid had been
previously mjected with serum (The interval between the fwo mjectlo)r]m
Was 1n case 2, 32 days, mn case 8 23 days) We found a sumilar case m the
publieation of Denys and Leclef The dependence of the speed of the ﬁ':;.c-
tion upon the previous myection did not stribe erther of the authors Led);
does 1t happen that such a peculiar eymptom WAS until now overieo! 4
1f every remjection would have been followed by mmmediate scrum eich-

e woul v ¢ no ng ago It occurs however very quently
t ] 2 requen!
Dess one 1d hase noticed it lol I h f

that children become mfected several tunes with
Jected repeatedly with serum Some serd 43 for 1nstance the Tb serumt mo;
Maragliano or the Menzer serum aguinst rheumatie fever are njec
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every day or every week Dunng this therapy certamly reactions oeeur
frequently, but they usually are not diagnosed as serum mchness but as
reactions between sickness and antitouin Aronson already declared that
the reaction to Menzer's serum was not caused by the content of anty-
toxm, but was due to the nature of the foreign serum The most mportant
reason for the lack of reaction 15 the length of the interval between first
and second mjection, a point which we shall have to discuss Jater Another
dfference between our cases and the other above mentioned kond of rein-
jecttons 15 the sze of the first dose of serum We ngect between 100 and
200 cc serum, by using the present dosage of diphtheris serum the first
dose amounts to only 5-10 cc But hkewise as exanthemata etc nppear
after small doses of serum, 50 abo such small amounts (1~12 cc) may
provoke sensitiveness to the retnjection, as the following cases show, which
were selected from a large number of remjected diphthena cases

Franz Z , admitted on 6/8/03 with mesnsles, received for immumzation 200 anti-
toxin umts {1 cc ) Discbarged on 6/16, developed nrizcania at home—the earbiest
on the 8th day aiter the frst njection On $/2, mx weeks later, agam 1njected against
croup with 1500 sutitoxsn units (5 ce dipthena serum) Shortly afterwstds geo
eralized urticaria, edema of the face His sister, Frieds Z , reacted i a sumilar way
She was immumzed with 200 antitoxin umts on 6/10 and aga:n 6/26 23 she wss 1 the
hospital with measles On 8/2 admutted with croup she was mjected with § ee diphe
theria sernmn One hour later her face became red and edematous “The eyehds wero
s0 much swollen that the right eye coutd not be opened Two hours jater generahzed
urticaria, temperature 33 6° Locally slight awelling and great tenderness

E: M 4 months old, first myection on6/20/01 12 ce diphthersaserum (2000 sati-
toxin umts) agatnst diphthenitic exoup On 6/30 sudden fever up to 39 0%, at the same
time urtiearia eruption (10 days after mjection of serum) Tho fever lasted twodays,
later the rash became more morhiiti-itke and multiform 1 character snd remated
wimble for several days Ninteen dase after the frst injection (7/9) was agmn gected
with5ec (500 antitoxin units) diphtheria serum because symptoms of croup 1e8f
peared About one hour afterwards s severe genera) eruption of urticana started
From the site of the myectson the sk of the entire abdomen became swollen 12 the
afternoon the temperatare rose to 39 5% there was no fever mnce the first reaction
Frequent, vormting Oxn the et day fever around 30 0° The area of snjection ghows

B T ee ot 2 aviandgiothe

were

. s Dhs

ier the

e gnd

. ner of

diphtheria LRCHLL Ol 14720 2uUIBIOIL BUS Bad et u ub stheria

seruo (300 sutitonin unita) 27 days after the firat imjection One hour nm{; ﬂ:; :{’e

jection distinet swelling of the night hand, which Jater extended over 1 e' T

Jorescm Twenty four hours later still distinct edema from the elbow dm:dxstmct
1n the nesghborhood of the mjectian distinet discolarization, smail m: ¥

pale rosy-red rash above the area of the injection up to the etbow join!
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All 8 cases have 1n common that after the first ingection of horse serum
serum sickess developed at the normal time—bet the 8th-13th day
But when the same individuals were reznjected with horse serum after an
mterval of 1642 days symptoms of sertm sickness appeared immediately—
that means at once or or at least rapidly within 24 hours

EXPERIMENTAL STUDIES

About the smgle cases reported until now the objection 1s possible that
by chance a kind of serum was used for remjection which produces more
vehement symptoms and 10 a shorter ime In order to counteract this
objection we took advantage of an opportumity which offered itself to
wject all children at the same time with the same serum when a case
suspected of diphthena occurred on the general ward and to observe
elosely 1ts course 1 children mjected for the first time and m those who
had been previously myected

T Immunization on 2/11/03 At 6 00 pm 1njection of 15 ec diphtherna serum
mto the skin of the forearm Three children were previously snjected

1 Johanna J 180 cc scarlet fever serum 31 days previously No definite symptoms
of serum sckness

2 BEmihe K wrea 8 ec diphthena serum 6 years sgo and the same dose 36 days
ago

3 Dry P 200 ce scarlet fever serum 9 months sgo, 8 days later urticaria sud
10mt pam

Numbers 4, 5, 6, 7 were children not imjected before 1 and 2 showed identical

Balf an hour stching, after one hour shghtly red swelling of & radws of £ em le
reaction of Dr v P 18 pot an absolutely speatfic remjection resction such shght
redness and awelling are aléo often seen after the first ijection But the hard edema
of the arm 1n cases 1 and 3 15 specific

1T Immumzation on 3/7/03 Each patient received 13 cc di

1 Barbara T' 46 days previously ipjected with 100 cc Serumsic
the first mjection on the 10th day and lssted to the 23d day

2 Barl D previously myected with 6 ce diphthena serum on 2/7 snd 200 ¢
scatlet, faver orum on 2/15 He was still suffering with serum sickness on 3/7

3 RudslfJ Tnected 4 daye before wth 200 cc suatlet fever serum Serum ssckness
started only on 3/14 So the rerjection oceurred therefore withm tbe meubstion

iphthera sorum
Imess started after

4 5, 8, not previoudly mjected

Only Number 1 showed a typseal rensstive reac
cases 1 and 2 of the firat, series Among those not previous|
exanthemata but only 10 and 11 days respectively after inyjection 1 @ 8
Tormal time

Number 4 3/17 In the evening indistunct erythems 3/18 umversal, xoultiform
erythema, temp 38 2°

Number 5 On 3/18 erythema with large spots

tion after § hours, analogous 1o
Iy wjected, two showed
tarting at the
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These cases demonstrate clearly that the same serum has dyfferent effects,
depending upon whether or not 1t 1s aching on @ premously treated orgamasm
In the previously treated system 1t creates an immediate and violent
reaction, 10 a person not previously treated erther no reaction (Case 6) or
a reaction at the normal time of serum sickness (case 4 and 5) Thus the
objection 15 removed that the rapid onset of symptoms could be due to
the use of a certamn kind of serum for remjection But why do Cases2 and
3 not react who were also previously treated with serum? For case 3 the
explanation hes m the interval between the first and second myection
In all eases reported up to now which showed speeific reacttons two to
six Wecks had elapsed when the second mjection was performed, but m
case 3 the mterval was only 4 days We shall discuss this pomt more
thoroughly later

However m case 2 all contitions were present Intensive preparatory
treatment sufficient interval, and m spite of 1t no symptoms On the basis
of the results of later experimental studies we shall see that this case 13 an
exception to the rule for which we have no explanation

III Immunization on 10/30/03, each child received 1 cc diphtheria serum
case previous injection 150 cc gerum nterval 36 days
ease previous mjection 150 cc gerum interval 32 days
case previous mjection 200 cc gerum interval 6 days
case previous 1mection 200 cc serum interval 4 days
case previous njection 200 cc gerum interval 1 day
case previous injection 200 cc serum interval 1 day

7-12 not previously injected cases as control

Result Among the six control cases one showed local hives on the Tthday Cases
1 and 2 developed typical d Al on the forearm Cases 4,5, and 6
did not show any reaction Only case 3 developed on the day of mjection 8 Jocal
erysipelas like redness of 3 cm radius, & reaction which may not be specific

L

The experiment, reveals that 32-36 days after the previaus mjection of
serum, specific senstiviness was present, but 15 not yet present 1-6 days
after the first mjection

1V Immumzation on 7/19/03 1 cc daphtheria setum fnto the skin of the forearm
3 previously 1njected cases
1 Gusela H 200 cc scarlet fever aerum 37 days ago
2 Karl B 140 cc scarlet fover serum beated according to Spronck to 8 Celaus
56 days age
3 Johann 8 100 cc scarlet fever serum 6 daya before
4-10 not previcusly treated eases {controls) C
‘aee 1
Result Not one of the 6 control cases sho_wed any re:\‘ch?g “°,',i‘_§ °3§°:3 Lk
9
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So we see agmn that 39 days after the first injectron of a large dose
;P;;lﬁc sensitveness 15 present, but 15 not yet present after an interval of
ys

‘; Trmunization on 11/15/03 each child receved 1 cc diphtheria serum
me

Amount of Day of cuset of Taterval aince
serum merum Bickness the 1 1njection
fter the 1
ajee
o v
1 Franz T 200 8th 6 months
2 Pauls E 316 13th 41 days
3 Egon E 200 8t 38
4 Fduard G 100 9th 3 ¢
§ Auna R 200 7th 2

The csreumference of the left forearm 19 em of the right 16 e O the lelt upper ati
17em of the nght 16 e Temperature 37 5° In the left axills one bean sized node
In the right axlla Just palpable glands -
\ - 2,
(
'

gland swelling on the same mde later oo symptoms

801 Nosmmeduate local reactson but instesd on tho 7th day a mottled eryihema
estonding over the whole external surface of the left arm Shight swelling of the smilar
glands

ut after an mterval of 20 to

Resuli The spectfic local reaction 19 prese
en s1x montbs have etapscd

41 days after the first myection It 19 absent wh
after the first imjection (Case 1)

Let us naw summarnze the results of the 5 experiments

Among 30 chuldren who had previously neier recenved serum, only HiX
(20%) developed distinct serum symptoms after an mection of 10 to
13 ec diphthens serum but not carlier than on the 6th day Ammmedsate
Teaction {local) comprravle 1 ‘previously described reactions did not
appear Only 1n one child was after 21 hours o shght mfiltration at the site

of the mjection still discermble
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The 20 previously mjected cases can be divided mnto three groups ac-
fordmg to the length of the interval betneen the first and second mjec
100

1 Interigl of 1-6 days sz cases No immediate local reaction with one
exception (II1/3) The child showed an erysipelaslike redness with a
radws of 3 ecm on the day of the ijection The mnterval was 6 days

2 Interval from 6-9 months 2 cases One chuld (1/3) showed a hight swelling
of 2 em radius one hour after the mjection, & symptom which can also be
&cen 1n some cases after a first mjection The other one (V/1) showed no
immediate reactron, but an erythema on the 7th day

3 Interval between 3-8 weeks Among the 12 children belonging fo fhis
group eleven developed an wmmedate local reacizon Several hours after the
njection a more or less mtensive tender swelling of the mjected arm was
observed Only one case (II/2) was entwrely negative One case (V/3)
showed, besides a local swelling an immediate general eruption of a rash
which reappeared on the 6th day Regarding the series of our mvestiga-
tion and the eight previously mentioned cases, which showed the differ
ence m the time of onset of the serum sickness after the first and second
mjection we can make the following statements

Dug to o single tngection of horse serum a change takes place 1n the reachon
of the human organism to the remntroduction of the same substance, which
obeys o definite law

1 The serum sickness which usually starts after the first injection ofter an
wneubation, time of sereral days appears within a few hours The wncubation
time 13 lost

2 Besides this difference i the tume of the reuction o gradual change 13
observed The reingected induwsdual 15 hyp tine He reacts more frequently
even after an 1ngection of small amounts (in the ezperiments 90% tn conlrast
10 20%) and more wtensuely The reaction consists manly of an wnfensne
edema 1 the area of the 1ngection, less frequently of fever and generalized
exanthema

3 Ths gltered reaction 18 observed regularly, of at the first wngection large
amounts of serum are used and +f there 18 an nterral of 2-8 weeks belween
the first and second wngecison (rewngection)

Tae ACCELERATED REACTION

Until now we have devoted our attention only to the immediate resc-
tton But gne case of the experimental group (V) could have already at
that time called our attention to the fact that the symptoms after rem
Jection are not exhausted with the immediate reaction

nset, of the first serum sickness on the
erum Immedinto swelling,

f‘-

Egon E (V/3) Farst injection of 200 cc O
8thday After an mterval of 38 days reimjection of 1 ¢c 8
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umversal exanthema In the next dsys no pewsymptoms On the 6th dsy reappearance
of generalized urticarsa (Chart XAVI) The following cases ran a stmular course

Theodor H admitted with eroup on 2/14/07 recerved on successive days (From 2/14
—2/17) altogether ca 32 cc diphthera serum 2/14-3/6 (16 days after injection) erup
tion of urticana On 4/4/97, 49 days after the first injection, agan injection of
1500 AU Immediately after the snjection umversal urticara, 33 8° On the 6th
day after wnjection (4/9) fever starts, lasting to 4/12 On 4/10 urticana

Maria K On 9/19/02 1500 A U Serum rash after discharge (ca 12 days after in-
Jection) Then an interval of 4 months On 1/27/03 1000 A U 12 8 ¢cc serum Around
the site of 1njection partly mottled, partly confluent redness and a few hives 2/2
(6tk day) urticania, 38 2°, jomnt pan

Anng G January 1903 1njected 1n the Franz Josei’s hospital agamst diphtherta
Interval 2 months On 3/14/03 200 c¢ scarlet fever serum Local urticars, edems at

Days 1 78 13|
[N ! 4 [
RN i
i1 H Theod:
1, [ g
SR ]
r=Al T
M
[
“h
»
P b ! iy
. - o]
4 i L
Exartheme |1 1
T m
CrarT AXVI

the mte of the injection 9/18 (5th dsy) universal urticaria On the 10th-13th days
Jomnt pain, tntensive edema agmin umversal edema on the 12th day

This case wll be d d later more th hly (page 93}

Franz K 7years admitted on Jan 1, 1901 mith scarlet fover 1/4/04 ce d-phthm;
serum On 1/5200 A U searlet fever serum On 1/13 onset of serum sichness 9 Drd
days after 1jection urticania spleen enlargement, swelling of lymph glands 216
edema Angle of the weight curve marks the begmmag of the convslescence (on 1/2:t
21 days after 1njectron) On 2/20, transfetred to the Wilhelminen hospitsl en n;lttbae“m
of measles, where possibly another prophylactsc 1njection of serum against dipht!

was given " <41 12 an djph
. . .o the

. - . ter)

. P tho

800
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paa till morning frequent vomuting sleeplessness, thurst 4/181n the mormng sneezing
several times At the round brigbtred maculas with idistinet eentral haves scattered
all over the body Conjunctiva injected Towards evening another eruption of rash
412 the wrine contain o trace of albumen, today for the first time Today the weight
13 at 1ts maximum Cires 400 grams of edems

Shortly before imjection and & 8,6, 8 and 10 days afterwards blood is sathdrasm
and tested for precipatation (microscopically) with rabhst ants horse serum and on
the other hand with horse serum ()

TABLE 3
Bl

-;;.”.i‘ i 3 5 8 1"“‘:3"
o

Precpitation waith ants horse
serum + (] ++ il
Preciputation with horseserum | 4 |weak [trace? | 4 exanthema | 44 | ++

What these cases have wn common 15 that, after an tmmediate reachon,
seueral days of complete latency follow, which period 15 concluded by an erup-
b0 of new symploms on the 6th or 6k day We encounter here sgam at
1zeubation pertod which shows a substantial difference from the mcubation
tme after the first mjection, ot o8 shorfened Another peculianty, which we
ehall disenss later more thoroughly, 15 revealed 1 the clmcal picture the
aecelerated reaction sets m with violent, frequently stormy syoptoms,
and 1s terminated more rapdly than the normally fimed reaction after a
first 1njeetion A short weybation time can be observed sometimes after a
first mjection  Fourteen cases among 90 showed the onset of generalized
sympioms on the Gth or 7th day sfter mjection However 1n cases of rem
lection, late symptoms, if they occur at all always appear on about the
6th day after mnjection If an mdrndusl, whom e know has already
once been mjected with serum, shows no sypiptoms by the 7th day after
Mjection, we need have no fear of serum sickness If however, serum sich
ness starts on the 6th day 1n a child whose previous Tustory 1s not known,
one cannot conclude with certamty from the length of the mcubation
penod alone, that the child was previously imjected Only the combination
of s shortened period of meubation with a sudden onset and rapid termina
hion of the disease gives the typieal picture of an aceelerated reaction of &
Teinjected 1n

The do“"l:l;:gllllarle of the “smmediate’” an #gacelerated renction” leads
Us to & third form of reaction observed 1n & remjected person, which con-
sists of the nccelerated reaction only The immediate reaction 13 left out
This picture 15 seen after & renyection following a long tnferal
02 with croup and reccived 12 ec diphthersa

Emma Sch dmitted on 9/25/(
gerum ’hllcw/rzli; a;;p:om o raonths later an 4/11/03 mjected wih 6 co digh
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theria serum From 4/12-4/16 no fever On 4/17 (the 7th day) 37 8°, and umversal
urhicaria

Oscar W 11 years Frrst injection in the begipming of 1994, 1 cc given a3 a pro-
phylactic dose on account of diphthenia of g brother Second injection on 9725
(9 months later) 10 ec (3000 A U ) on account of severe pharyn< diphtheria 9/30 (5
days after mjection) eruption of urtreania which quiekly disappears 10/1 1n the
afternoon {6 days after reipjection) generahized urtrearia On 10/2 1n the forenoon
large areas of redness with oceasional hives over the eptire body No fever

Anna K, 3 years Furst snjection on 9/3 agminst diphtherta 4500 AU (18cc)
Hospitahized 23 days, no serum sickness 2ad injection on 3/3/05 (48 months later)
3000A U in12cc serum On the next day the site of the ingection 1s anly tender but
not red nor wfiltrated Early on 3/9, 64 days after {he tngection, violent eruption of

Days 1 173 % 15 2122 28129 3]
T 11N
A G Anpd 1]
Body Weight A 1 B
n % [
Y,
7 s
AN 1]
LA
e [ LEOAL T 1
i
v R 5
-, S - L
B bt -t
Temperatr sa o722
3t 52 117}
REE. )] -
3 ﬂ:H» ! i

Crarr XXVII

urticarss on the entire body, starting from the aite of njection The inguinal 07;7":?
particularly nesr the mie of mjection, tender and enlrged In the sfterpoon H
h toma

no further symptoms e b ve v a1 E 4 g renmtams 20 monthS
2
nound
vat of

. 4wt netamorn
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8ce diphthena serum (1000 A U ), 6/10 (7th day) eruption of large urticans 1o the
crural region, gmaller on the rest of the body

What 15 really the reason that one tume an immediate reaction develops,

‘:Dvi?her tune an accelerated reaction, and another time both kinds of reac-
107!

The expenience that when the mjection 1s made after a long mterval, the
umedzate reaction fails to appear, leads to the 1dea that the derssuze Jactor
15 80 be Sought wn the tame whach elapses between the first ond second wngechon.

A chart (table 4) contmming all the results of the remjection will cor
roborate this assumption

In this chart oaly those cases are meluded which developed a positive
reaction after the second The cases g several mject
were not considered, beeause they would have caused comphcations w the
arrangement according to the duration of the mterval

We sce that, according to the length of the mterval between the first
and second mgections, three penods can be differentiated, which overlap
each other

1t mterval of 12 to 40 days immediate 1eaction alone
2nd mterval of 13 to 6 months immediate and accelerated reaction
3rd mterval of over 6 months only accelerated reaction

That these penods are not sharply separated, ean be discerned with the
first glance at the chart, The gradual transition, a8 well as the distnbution
of the forms of reactions are iflustrated by the spectrum shown m Chart
XAy

The tnmediate reactivity sets m regularly 12 days after the first mjec
t10n and 1s characterized usually by local edems, less frequently by general
12ed symptoms Only one posttive case stands out 11 companson With
Tumesous negative cases Within the first 12 days This one case showed,
after an mierval of 6 days, erysipelas Iske redness st the regron of the
mjectron After an mterval of 3 months and more, the mmediate reschion
13 110 longer obhgatory, then gradually decreases 10 frequency Homever,
1solated cases also oceur even Jater The longest imterval after nhach an

mmediate reactton appeared was 3 years

Marfan (Soc med 5/25/05) also reports a case of ymmedtate reaction
after & 3 year mterval This restriction of the mmediate reaction to &
Telatively shart tme explaind why this obsersatson coyld have been over
looked for so long = tume Dlost of the cases treated with serur up bl
now were diphtheria cases, if remjections were admumstered they were
given dunng the first days of ireatsnent befare the onset of sensitiveness
If the remjection was made somewhat later, st the time ususl for serum
ction concided with the symptoms appear-

sympto smmediate Tea
mg gr, ;z:':::mm yime due to the previous mjection and could therefore
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THE REINJECTION 83

not be separated from those symptoms Later remjections at the tine of
the hughest sensitiveness, 20-50 days efter the first hardly ever oceur m
diphthena The first disease (diphthena) 15, at that tune, ternupated
and the child 13 protected agamst 2 new infection through his mmumnity
created by the first attack of diphthena

Only after loss of this immumty may remfections with diphtherta oceur
occagonally At this tume the organism 13 already wn the third pertod, and
therefore no longer reacts immediately but shows 2n accelerated reaction

The diff betneen an accelerated and a normal timed reaction 15
all the more easily msssed as the first reaction oceurs not nfrequently
around the 6th day A companson with an eatly reaction n the same
dividual, where we started 1s possible only in few eases The accelerated

O

+ 4ha gnannd

period of accelerated resct wity Even after 7} years the accelerated 1edu
tion was still to be seen

Crintear Symproys Forrowing REMIECTION

I The Immeduate Local Reaction—The Specyfic Edema

Let us once more look over the chinreal symptoms, which represent the
Specific signs of the reaetion of & remjected mdrvidual ‘We must consider
the mmediate and accelerated serum sickness and distimguish 1n the -
mediate reaction local and general symptoms
& A very carefully observed case should llustrate the specific local reac
1on

Dr v P Previous myections 1902, 200 ce scarlet fever serum 1903, 5 mjections
together amounting to20 ¢c diphthena serum 1/21/05 injection of 13 ¢c antitetshus

terim 1nto (the ghon’ of the Ieft foresrm ‘The swelhng produced by the jection
. s vsat0em, 1

pots Pain
374° The
s, the skin
—an af tha

Spontaneous awe sur s =
pain less than yesterday Pam on pres .
erencs 55 exr o oo of Vi amelyog 28 cm 30 hours aiter the injection. Cir
Cumference 33 em
N !3‘1 day Itching On the diffusely red uwe]; ;
ale spote (indsstanct hives) Circumference 31 em
4thday Tichng and hives ik yesterday No gegersl symptoms The swelling 19

ing appear suddenly qusckly passing
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softer, less reddened, but shightly d During the foll g days
of the swelling
8thday Swelling has disapp Slight Daily of the

blood for 14 days reveals no formation of precipitin

‘We have here an individual strongly prepared with several injections of
Targe amounts of serum who, one and a half years after the last mjection,
still reacted with specific edema The charactenstic trait of the specfic
edema lies m the cireumstance that the swelhng produced by the mjection
of scrum does not disappear, but gradually changes to an edema which
becomes more and more mtensive Notwithstanding, horse serum 1s 8b
sorbed and reaches the circulation This can be proven by testng the
serum with rabbit—antihorse serum

The amount of the additional accumulation of flurd m the edems can be
determined by measuning the replacement of water This we did 1 one
case The amount can be approximately determmed by messunng the
errcumference of the forearm and the length of the swelling

At the time of the maximum of the swelling (after 30 hours) the circumference of
the forearm amounted to 33 em compared £026 5 em before the injection, the length
of the awelling was 28 cm The additional mass h (rir — ryr) which resalts m sbout
800 cc of edema In place of the injected 15 c¢ we find an accumulation of fud which
amounts to more than 50 times the volume of serum injected

InH , & case which we shall describe later where the serum was mjected mto the
thigh the difference between the two thighs was 5 cm (28 23) The length of the
swelling was 20 cm The calculation gives an amount of 400 cc edema The 1njected
5 ce inerensed 80 times

Let us make an analogous calctrlation of the amount of edema 1n the experiiment

V/3 The whele arm becomes edemataus after an mjection of 1 cc d)phthfna nirum'
1 At aada a

So we see that a constant proportion between the mjected gmount of
serum and the edema does not exist That the proportion can not be a
constant one 13 proven by the fact that m many cases the specific edema
18 not s0 mtensive, but extends to the next surrounding nelghborbood
of the site of the injection (See the series of expenments )

The effects of two serum myectsous given to Dr v P will allustrate this

ke left forearm, 9 mantbs

He received on 2/21/03 8 ¢cc diphtheria serum xntAa 4l e Jore meetian
'
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meuted An even milder effect was produced by the previous injectron on 3/11/03
sftermjection of 13 ce serum After 4 an hour itching, after one hour a slightly red
swelling measuring 1 ec 1n rading

These slight reactions cannot be distinguished 1n the mdividual cases
from the slight redness and swelling as they also occur after a first njection
m the neighborhood of the site of mjection Such symptoms can be seen
also after injection of varied substances, even after mjeetion of physiologieal
NaCl solution

The judgment of the amount of edema 1s easier if after njection of a
small amount of serum—-as 1 our expenmental seres—1 to 2 cc—an
mtensive swellng develops The greater the amount of serum mjected
the more difficult 1t becomes to determime the absolute merease of the
local swelling

Friedrich W 16 months First mpection on 11/17/03 against diphthena Second
tjection on 11/29 on account of severe scarlet fever with 150 ce searlet fever serum
Interval 12 days After 14 hours the abdomnal wall around the site of the mjection
tensvely nflrated extended 11 27 om, mitha sharply defiacdwargin Theedemabas
a volume of 600 cc ,1f we assume that the mfiltration has & height of 2em The volume
of the wyected flutd 15 therefore ncrensed threo times The skin over the edemi 13
shightly yellowish Seattered over the entire body red spots appeared with theadj
nized hives After 13 d ’
extended downwards t

body In the evening

wection

We once saw 5 stmlar pieture mn a chuld who was never mjected before
{according to the statement by the parents)

Gustar P 11 years Admitted on 3/16, at the hospital until 5/3/04 On 3/16 m-
1ection, due to a medium severe scarlet fever, of 150 ce scarlet fever serum mto 1.hei
sbdomyns] wall Previously had never had horse serum 12 hours later the area nd
1mjection very tender and edematous The edema extends to the skin of the back :m
1s surrounded by & 2 em wall like brim During the following days the wfiltral u;:
fattens ous, while 1t simultaneously extends n the width towards the thigh and b;\;
Thereby no rash develaps, only a mottled, mdistinet redness on the sk of the As o~
men and of the back over the swollen parts and their surrounding srea On /20
the edema hag isappeared No farther eymptoms of serum sickness

I8 this & case of specific edema 1m a child mjected for the first tume?
In fayor of this assumption 13 the fact that no late symptoms deve]apett:
after the smmeduate reaction This would be, therefore, a case which a¢f
Primanly Like o child who had been remjected

Only J’:me circumstance prevents us from recognizing this e(cep;::;n
mopheitly, that, namely, such a reaction was Dever observed m fo":ber_
jected for the first e, when small doses of serum were Usc( f diph-
more not one of our 30 control cases, and none of the hundreds of dip

——
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thena cases showed such an edema after an ijection of & small amount of
serum, which could have been mistaken for a specific cdema If one mjects
5 Iarge amount of serum mto the abdominal wall, 3t 15 sometimes difficult
to decide whether the edema 15 a speaific one On this basis we restrict our
diagnos:s of & specific edema only to cases which, after an ingection of @ smell
amount of serum (1~10 ec), develop a disproportionately large suelling
Particularly switable for this are cases which were mjected with 1 ce
serum m the forearm where the edema appears 12 to 20 hours later,
extending from the wnst joint to the elbow joint, and the shin ss pale or
shightly red As long as the swelling the arm 18 dingly pan
ful The spontaneous sensityveness dimtnishes as soon as the swelling has
reached its maximum The pan on pressure lasts for & longer time The
swelling starts actually from the moment of njection, inereases slowly,
reaches its maxumum about 24 hours later, and disappears entirely within
2 to 5 days Sometimes a small swelling and tenderness of the regional

1ymph nodes are present
We the hate general sympt from the loeal edems,

1m 80 far as they manfest themsclves by an eruption of generahized exan
themata Certam isigmficant general symptoms as feelng chily or &
shght nise 1p are alnays ted wath intensive Joeal edems
Tt 18 very exceptional to observe Iocal necroms after remjection 1 bumat
beings, # reaction not seldom seen 1n repestedly remjected rabbits (Arthus)

An ple of this 13 the foll g case

Josefa Str 18t mjection 11/9/94 10ce diphthenaserum Second injection 10/13/07
ce dipbtbens serum for smmunization Inspite of st the child developed dipbtberss
2nd recerved a third tnjection on 10719 agam about 8 ec dipbthena serum (1500
A U} On the next day the area of 1njection on the abdomen 18 pamful The face 13

shehtly puffy On 10722 another imect1on of 8 ce (1500 A 7 ) Two bours afterwards
b above the site of the myection The

a area Zem p 10
surrounding skin 18 very tender and swollen In the evemng the awelling extends
the upper left s1de of the abdom: pania) perature 39 4

ea rapid respiation

b the abd: 3¢
10/23 At mght “Hi restless Pampm e abdomen pa B o hrowm

. Jarge

2 The Immediate General Reaction

We call the app of fever, i and otker genersl 1ym,»!~95:;

developing withan the first 24 hours after rengection, an tmmediale ﬂf"”m
reaction 1t does not exclusively occur m remnjected persons, but “X

mstances after & first mjection It seems that adults show these c;\f 3;

symptoms after a first mjection more frequently than children A:;ﬁegt W

numerous cases of serum sickness after & first smyectron we wmong The
fnd only two such cases mn the children’s hospital, whereas am
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adults whom Dozent Pilcz had mjected with horse serum, several reacted
on the first day with fever Nothing was known of & previous mjection n
any one of the cases

On what this sensitiveness to horse serum, known as an diosynerasy,
of an individual not previously injected depends, We are not able to ex
plam It hag most likely nothing to do with the sensitiveness acquired by a
Previous mjection These exceptions do not break the general law of the
altered reactivity The cases from which we draw our conclusions are

v

O

A typical example of & fully developed, immediate general reaction 13
the following case

~ v o whe a he was
salofa
3/23/04
the child was admitted to our diphtheria ward and was njected Witk s 4. u pbihena
#erum for immunization The interval between the previous and present mmjection
could pot be determined Immediately after the injection the patient started to
scratch At the site of the injection » hand-sized urticarsa appeared other densely
arranged hives with confluent halos broke out over the entire body The face was
f“ﬂy Intensive itehing During the course of the day the patient vomted several
imes
At 3 00 p m —the 1njection was given at 10 00 a m —no hives were any longer
visible but 1 -
eull more ¢
bemorrhag

We sce here symptoms sinular to the symptoms m the M}AOPOI‘E H‘ )
Page 68, and Hemnch K, page 69, ting the 1
Teaction g very acute onset of generalized urticana resembling eruptions
8e¢n 1 cases of wdiosynerasy agamst chemical drugs
e eruption of urtieana starts almost smultaneously at the area of
Injection and on the other parts of the body, accompanied by mtensive
tohae T - L fama semamally on the lips and
a The
case
1a and
afterwards 4 erythematous eruption sets m of sndehaute character fg
Tapid & change m the form of the rash 1s not seen i che';caﬁhsxc;:i;w
2 no, kes the impression e ,
rmal ineubation time It makes the v i

which othermse require 8-14 days for development,

24 hours No albummuna was observed durng the immediate reaction
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Fever 18 a very frequent symptom The behavior of the temperature 1
smilar to the fever of the tuberculin reaction After an mjection made m
the forenoon, the fever usually starts already i the same afterncon
(August Sch 39 7°, Theodor H 388° Leopold H 88 2°) If the imjection
1 made m the afternoon the fever usually develops on the next day (Emibe
K 388° Herman X 392°) Inone mstance we saw a condulion resembling
collupse as an mmmediate general reaction This collapse reminds us of
those severe states of collapse leading to death, which Arthus described
after mtravenous remjection of horse serum 1n rabhits The possibility 18
not excluded that mn this case the serum was injected mto a vem, the sub

cutaneous hemorrhage at the site of the mjection would indieate this as
having occurred From this observation the general rule should be deduced
that mntravenous mjections of serum which have often been recoramended

particularly in England and France can be perilous if they are given toa
person previously injected with serum As we are frequently unable to
exclude with certamty a previous njection of serum, we advise most
urgently agamst the mtravenous mjection of serum

Josef W OnMarch 4th admutted with croup after measles received8ce diphthens
serum (1500 AU ) discharged on March 8th On March 20th the child developed
& multiform erythema On March 30th readmutted with diphtheritic croup March
31st 1njection of 16 ce (3000 A U ) diphtheria serum 27 days after the first njection
The mmjection was made at 10 15 a m 1nto the right abdominal wall 10 mmutes fater
redness and urticaria eruption appeared around the area of ynjectron Shortly after
wards huves appeared on the face and were seattered over the body 15 to 20 minules
after the njection the chald who was very well before began to vomat Lo roll ks eyes hs
extrematies became cyanotec his pulse could not be felt Flow of sahwa After apphcation
of stimul and hot packs the patient gradually recovered from this collapse Until
3 o clock in the afternoon several eruptions of hives In the afternoon fever nSE:
1038 4° Next mc 1 '

a deep subcutan ' 1 .
mtravenously) ( ! '
The mwgwnal lymph nodes protruding larger than on admission .

4/2 temperature 380° 37 5° (2 days after rewjection) The regon of tho e o o
injection hemorrhagic Inguinal lymph nodes as yesterday 4/3 (3 days sfter )
jection) 37 9° 376° po rash Three bean sized lymph nodes 1n the nght mzllll'{’:(
region and several smaller ones on the left s1de one bean sized and several smsl e
nodes distinetly swollen On admission on 3/31 the iguinal glands were pe: SIZM
4/5(5 days after njection) In both inguinal regions a date sized pach of fymp! ;;5.
and several smaller lymph nodes 37 5° 373° 4/6 (5% days after ml“'"’“{ g

378 During the night eruption of a morbills like rash on the stem and face e;:m
thebackiree Inthemormng only remnants of therash Inmguine (right) three .
'

g human bemngs due to

death amon;
Whether actually there has been a deal G etal cases of the

intravenous injection of serum we do not hnow
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Literature (Gottstem etc ) refer to cases mjected for the first time We
believe that 1t 13 mpossible to ascribe them to serum  becatse after sub
cutaneons firet wnjections of serum of even the largest doses we never
expenenced syncopal symptoms

The mmedsate general reaction 1s usually terminated withn 24 hours
2f small doses are njected, bowever sometimes they last longer

Augustine H 3% years Previous ijections w th diphthersa serur on 9/25 and
N/1/04 On 11730 admatted with scarlet fever On the same day (20 daysafterthelast

”/n
Days 1 78 3815

. e
{4

Fpey
C 11

X4
s
J

Lo
AP

rsansheme | Jisil T D“r‘rlﬁ ]
HAH
Crarr XXIX
Injection) 150 cq searlet, fever serum Hoechst Withio & le:ﬂ;o;‘! % (Z?sgiz{n;u&;n:
eupison doveloger coumating of ol £ Ele;‘:gnl:::;yeumchm and pawnful

#do of the abdome: te of the mjectson) &)
nfiltration w,uf a a’lllg(;: Togness of the sk extendiag down to the genitalia (labia)

a0d down the back to the spinal column 10 {he left to the mamiiiar hoe Tand and
fnger jownts painful when moved . _ R
n o

1

w

re X
Y

I .
ha

day on no fever
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This case shows that local edema and immediate general reaction do
not exclude each other, but may exist at the same time (See also Egon B,
page 75, and the chart of reactions pages 80 and 81)

When the above mentioned Georg X received another mjection, the
local reaction was hkewise combined with a general reaction which lasted
three days

‘The boy was again reinjected on 4/9 17 days after the desenibed reinjection, with
5 cc (1500 A U ) on account of an exudate on the tonsils, which showed diphtheria
baailh 1a the culture At 8 15 in the morning an 1njection 1nto the left thigh A
9 o'clock a great deal of thin secretion flows from the canula Face shghtly puffed
cyanotie The region of the mmjection 15 more promunent than immeduately after the
1njection and surrounded by & palm szed redness At 12 o’clock temperature 3% 3°
(the boy had fever during the last days due to s larynx affection up to 383°)
In the afternoon an intensive swelling of the thagh develops which was very panful

Not untal the next morning (24 hours p1 ) did an urticaria eruption start which
lasted 1} days With thus the general symptoms are exhausted

On the other hand the loeal affection was present for exght days
of

4/10 The left thigh 18 pale Lvid, 1y as1f 8 large b
the muscles were present The ciecumference of theleft thights28 em compared with
23 cm of the nght thigh

4/12 The tircunaference of the thigh 27 23 cm Around the area of the injection &
greerush suffusion measuring 6-4 em.

This time a much more mtensive local reaction developed than at the
first time But the serum sick was d with the diat
reaction whereas the first time an accelerated reaction followe
will serve us, 1 what follows, as paradigma

d, which

8 The Accelerated Reaction

We call a reaction accelerated, of 1f appears wn a remngected
days after the remnjectron This form of reaction can be distingux
one hand from the immediate reaction of a person mjected for
time by the shortness of its mcubation period

ndundual 6-7
shed on the
the first

The above mentioned George K was reinjected on 3/23/04 and developed It;nrlll:g
mediate generalized reaction This reaction was already termnated by 3/24 lcan!
the following days no symptoms On 3/27 the 5thday p1 in the morming psn;; .
still well Temperature 37 1* At noon very weary at 4 00 pm 395° ab sm ﬁme
awelling of the face develops particularly of the hips and eyelds, at tlhe sab o i
urticaria on the face neck, and thighs Shght swelling of the axllar lymp!

No albumen No further symptoms

ct
“The sichness starts on the afternoon of the 5th day with a stormy Aspe

this
and 15 already termmated on the same evening As mentioned b;l;?:em”
precipitated course combned with the early onset 18 pathognom
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femjection Several times we were sble to recognize only from the chinzeal
picture of an aceelerated reaction, that the patient had been previously
treated with serum In the case of an accelerated reaction the same symp
toms occur as 1n g normal reaction after a first mjection fever, vanous
types of rashes, jomnt pam, edema

Anna @ (Chart XXVIL) Ist mjection Unknown amount of serum on account of
diphtbersa 10 weeks before

20d wmjection on 3/14/03, 200 cc scarlet fever serum on the third day of a severe
case of scarlet fever Immediate local reaction The xnjection was made at 11 00a m
At 40 elack 1n the afternoon mottled redness appeared at the ite of the wjection 1n
the eveming thus area 19 enormously pamnful urticaria o the sbdomunal wall After
20 houra rntensive edema and » Joeal papulous eruption

Sthday Universal urticania which rapidly disappears

1lth day Urticans edema of the fingers

12th day Jowt pams Hands, eapecially the fingers edematous Gau 1n weight
arca 4 grams

Ithday Masstaum of body weight (1200 g edema) Indistinetredspotgantbestem
l:!r:m 0w on the edems decreases rapudly and has disappeared on the 16th day Mo

uren

4/7 thurd 1njection Thirteen weeks after the first three weeks after the second
Injection Patient recetves 1 e diphtheria serum (Bebring) Mild specific edema
which 18 sl vigible after 48 hours

3

A typieal example of the course of an accelerat d reaction 18
wthe case of Johanna G This case s all the mote remarhable as the mterval
between the first and the remnjection amounted to 5} years In the case of
th1s patient we made datly leuk counts It was ting to see that
at the time of the accelerated reaction an 1ntensive drop in the number of
leukocytes oceurs Thus drop cotresponds to the drop of the leukocyte
curve durmg the normally timed reaction nfter the first 1npection (Com
pare Charts XXX and XXXI) Also mn tho curvo of the leukocyles 13
ind d the ch ter of the Terated reaction of serum siekness
Acute onset at an earlier time, mtensity, and rapi) termination

. b 1o awarlat

&ny symptoms of serum sickne . )

10/29/03 recerved at 9 30am * ‘

diphtheria soram for IMmUMERHON |, ening & rapid pulse
-+ 5 vomumg At530pm stll
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hemorrhages, caused by seratching On the other parts of the body ndistinet rem
nants of & rash One would think that one was looking at a shin devastated by & 3
to 4 day contnuing erythems exudatyvum On the sbdomen some small hives with
farge halos Digtinet swelling of the regional lymph glands m inguine and of one
thoracal Iymph node Afternoon temp 378°

{17720
B .
Days 1 T & TS
(¢}
8
44
t
[
Leucocytes
o2
A
Ly 7
! . DN
! S
} .
i . PR .

Crarr XXX Leukosyte count after remjection

sthday Tn the morning still 37 3° from then on no fever, exanthems dﬂél’g;”"

Leukoeyte count  4th day 8 500
5th day 2,900
6th day w0
Tth day 5800
8th day o
9th day m'w)
10th day 10,29
11th day 9,188

12th day
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The following case illustrates the behavior of the lymph glands durmg
an accelerated reaction

T
Days :/Isl — 18 14 15 21122 2813 4
I N Lot 1 .
I e A v e
Body Weaght 17 ™" e N N -
R RN S
P PRI
l . -
- e - . _ _
. U SO
ltucu!!(el x|q n q_l'ﬁ"z J‘I T ﬂ t
——I{ T T
e S ILJ% AT Ho-
i ]
(‘*‘_‘
et :
|
1
i
]
|
l\_...__ - e m= = —n S - - -

CrArT Xx;(; Leukoeyte count after firat mjection
be apriag of 1903 d phttens treated with
, Amma R 5 years 10/25-12/13/03 T e e searlet fever serum into the right
T ! ! S0 ilsnds
2ed ight several bean-eized
udiag

‘ 1 ‘o, .
Confluent 1 the shape of a 58uS3ge nm; lll::l IRy
5th day Ingumal glands mereasing
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6th day Ingwnal glands on the right side still larger In the afterncon towards
3 00 an eruptson rather generalized urticaria

7th day Strong desquamation of the skin, many effects of scratching, 1solated
pea-s1zed huves surrounded by red halos

8th day Ingumal [ymph nodes, right bean-sized, left smaller

10th day Inguinallymph nodes, night in a shape of a sausage, bean-sized

1ith day The glands in ingumne both sides less than bean-sized, not longer ke a
sausage

21st, day Inyectionoflce diphthenaserum Slight swelling at the site of the injec
t10n and a muld swelling of the regional lymph nodes

The mgumal lymph nodes are distinetly enlarged already 3 days after
imjection, they decrease mn size from the 10th day on The large amount of
serum (200 cc ) was disposed of with only nsigmificant symptoms Stilar
enlargement of the glands 15 seen 1n the case of Robert L Here the interval
between first and remjection amounts to 5 years

Robert L 11/21/03-1/3/04 Was in the hospital 5 yeara ago (Apnl 15, 1808 for 12
days) Two to three days after discharge a morbillous exanthema On 11/22/04 ne¢-
t1onof 10 ce scarlet fever serum 1nto the right side of the abdomen

8thday Ingumnal lymph nodes on the night side until now bean mzed today they
became sausage hke protruding bean and larger than bean sized left bean aized
Ad nates mdistinet net-like erythema

Sthday T 373°-370° R of exanthema on the right side of the
abdomen There 18 & group of fresh hives with large halos, scattered bives on differeab
parts of the body

10th day On the right side of the abdomen pale red, separated spots No fresh
haves

11th day No fever, lymph glands as they were on admussion

1t 15 remarkable that m this case the moubation time after the resec-
tion seemed to be shortened 1 companson to the rexction after the ﬁrs;
mjection of the same mdividual, but that 1ts duration 1s neanng the pormal
mcubation fime hol

Whether or not the aceelerated reaction persists throughout the whoie
Ife, or 1f 1t exists only for a hmited time, we can not as yet dende, 5o havhe
just a httle expenence as to whether the accelerated reactivity throug!
an always mereasing incubation time returns to a normally timed reaction
or if the accelerated reaction later n ife disappears in the same mnrme;’:?
we learned 1t happens to the immediate reaction and that mstead o
the normal incubation time retumns mber

The dectsion of this question will only be possible after & Jarger nuw
of years will have elapsed smnce the mtroduction of serum therapy

cTION
DI1AGNOSTIC SIGNIFICANCE OF THE IMMEDIATE AND ACCELERATED R::A -
1 + 1 of & e
We have already d pestedly the ch Stmc iz?;spé’cmely
t10n of a reimjected person wth the rdea n mind, that from i
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Te would be able to dingnose a previous treatment of the person wath
loTse serum
This conclusion 18 onty permissible of the result of the reaction lslfgzl:;';
It the 1mmedrate reaction does not take place one can ,:loc ;omh are not
Do previous treatment has been cammed out Souu(:‘11 md“:ls“:;ho G0 not
sensitive to repeated njections Just as there are mdwadu:
feact isibly to the amount of 200 cc serum s
Ames T _edmitted four times to the dipbthersa ward was oo oS
after 2 years on 10/17/00, agatn 15 months later on 1/13/0 ﬂl:i fter any of these
month interval on 2/22/0° No distinct reaction was observed s
Ijections 1o develops
evel
But the opposate we can tell with certanty that eVeryb:iie‘l‘;r:ted realc]
& speaific Iocal edema, or a typical rapidly appean!;g ractical value of
tion must have been previously mjected From this the p
rent,
th;: formg of rea;:ﬁnln; beic»mesjtlgymt ol there are pe;sossh:t:
icance but who bel
o 108 renct elmeally to the first ijoction of horse o fnst smmeetion This
at the remjection like persons who teacted ""“er}: © first serum sickpess
fuding corvesponds 10 the behavior of rabbits The“t 1cal local edems
Tuns a symptomless course whercas they show the typ
after remjection tion are msuffi
We can conclude from this that our methods of 1[)1‘5::: n’r‘l:e :lseuse did
Stent to establsh the eastence of the first ser\LthlC as certasnly biologreal
2ot reach the threshold of clmical perceptibility where
elterations must have oceurred sty mjected
Accidentally 1 an expermental study next to othe;lpr‘e“:::ezer before
o ren we imjested  chuld a3 control who prelS;U;l ien};se showed an m
Mjected We were surprised to see that this chil ¢ l29 days ago this child
Dediate Joal reaction It was revealed later th? his siblings
Bad been smmumized on aceount of diphtheria o
Frang W
47 (interva
Swell ng of ¢
ton Peraisted for 2 days
eactmty @ new
e possess therefore tn the 1mmediwle or acceleraled 7 !
ot

~

for

tm‘ ted ledes v
of the human to revacemation The accelerated nndﬂ:x:;d e e
Swallpox vaceine proves & previously successfully pe

tion



Cuaprer 3
THEORY OF SERUM SICKNESS

ForMaTION OF PRECIFITIN IN VitRo Provasiz ANTiBODY RUacTiON

On the preceding pages we have Lymited ourselves to ehmical observations
and have purposely avoided mingling our theories mith the facts The
difference 1 the reactivity b the first tion and the remject
forced us to the formation of some theoretical explanations of this differ
ence This dufference eould not be due to the antigen (impected serum), 58
we have shown m our expenments since the same serum caused different
kinds of and differently timed resctions depending on whether 1t was
mjected nto the orgamsm for the first time or was remjected Thus we
came to the conclusion that 1t was the human orgamem which has become
specifically aitered due to the first mjection of a foreign serum and that
1t has acquired a new property mn consequence of which the second reaction
oceurs more quickly than the first

We now ask ourselves what kind of alterations developed 1 the orgamsn
after 1t was injected with a foreign serum We kuow from the results of
biological research that specific substances are formed m the injected
orgamism When these substances are brought in contact with the antigen
n a test tube they bring about a precipitation

We owe the discovery of this substance called preipitin to R hrats
who demonstrated that the serum of an anmal immumzed against typhod
fever produces & preupitation when m contact with the germ free filtrate
of a typhoid baeilli culture Furthermore 1t Wag found that the serutt of
anireals which were previously injected with the serum of a foreign anin
produced a precipitation when in contact with the antigen (the serum us
for the previous mjection) d

Tschastotrtsch observed that the serum of a rabbit previously m)ecteh
with horse or eel serum shows a precipitation 1f brought m contact m:)_
horse or eel serum An analogous report was made by Bordel about 12!
bits which had been 1njected with hen serum

The formation of precipitin 1s & specific reaction sul
formation of immune bodies This wag made clear even
tions Bordet Uhlenhut and Wassermann used 1t for the forensi
entiation of the different hinds of blood Nuttall used 1t for 20
differentiation

Hamburger and Moro were the first to prov
preipitins after an mjection of horse serum
therr ption that the symptoms of serum sehnes!

%

ar to that of the
the first publica
¢ duffer
OIOQ]C-‘,

¢ that humans also form
These authors express
s are due to tbe
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appearance of precymtns At first they developed the supposition that
the exanthemata mpght be produced by mechanical dificulties m circula
ton, created by the formation of & preeipitation brought sbout by the
ctontact of prempitin with the still present horse serum at the moment
that the precipiting enter the blood However they dropped this wdea
because Rostosht, Machaelis, and Oppenheumer proved that no precipita
tion takes place 1n the blood of hving organisms
. Lately (Soc med des Hopitaux 26: 5, 1900) F2dal and Rostamne col
fmd' X from th 1cal e ts m cases of paroxysmal
13, which firmed the ammal experiments of the above

named authors also for human organisms

Widal and Rostaine mjected anti human serum of rabbits and horses,
which gave abundant precipitation m the test tube subcutaneously and
imtravenously If coagulation would occur m the livipg antpal or human
Zemg we would surely see very severe symptoms of sichness brought about
Y the pluggng of capillaries Howeser the mndivduals bebaved as of
Pla rabbut or horse serum had been mjected The first njection showed
0 immedhate reaction excepting 1n one case Where a generalized urticana
developed Only if the mjection was repested local Teactions occurred
which Were smlar to the reaction which we observed sfter the remjection
of normal horse serum As we shall see later 1t 15 not sunple to show &
¢ausal connection between precipitin formation and serum sickness In
mOost cases preciprtin appear much later than the dmease and even very
mlensive serum sickness symptoms run their course wthout the forma
ton of preespatin

Tame of Appearance of Preciptin
ately after the mjection of a

The precipitins do not appear immed:
measure varylng

foresgn serum but only after a longer nterval, 1 some
according tn the k nd of anmal and serum use

1
'
L o the 1OUOWINE pitaas s o

course of
penod o he mse of the content of pre-
pitin 3 The drop n antibody content
The second penod lasts about t¥0 days, the third and fourth penods
Vary 1 their d
v duration taneously with horse serum, the period

After rabbits are njected subcu
of latency 15 somewhat longer Whe
of their body weight of horse serum,
on the seventh day, in three apunsis
Pirquet) In one rabbut, wiuck recerved 1

n five rabbits were mjected with 1/100
the precipitin appeared 1n ¢80 ammals
on the mnth day (Hamburger aad
7300 of its body weight, the
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precipitin did not appear until the tenth day This delay 1s not the con
sequence of the smaller dose but of an individual difference, because
other cases the incubation time 1s independent of the amount of serum
jected (v Dungern)
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Cutarr XXXII Serum sickness and precipitation

The black area signifies the time of appearance of distinet serum eymp
rash, etc ) 1nd, final symp! are by pomnts

Each exammation of the children s serum 18 marked -+ or —, accor
or not they showed a precipitate with horse serum The positive results are ¢o0
nected with & black line b

In cases 6 and 7, I means the reinjection of 1 cc gerum (immumzation ng:unl:’
diphthenia) In case 6 the reappearance of precipitin 1 observed already o ¥
eighth day after reinjection

toms (fever,

ding to whether

Human beings do not produce detectable precipitin against horse serum

as easily as rabbits do Even doses of 200 cc do not always bnng aboutmt;
detectable formation of precptin In 2 number of children mvestlgﬂfu
for ths purpose, 1t was mostly at the end of the third weck that precipits
a3 found
WOIH' investigation was made mucroscopically and by mwang chl!gr:;ls:
serum with equal parts of concentrated horse serum Hamburg'le;l andnﬂ'cr
Franciom found precipitin even earhier than the third neek This
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ence may be due exther to the method used or to the amount of serum
mjected Further investigation will decide this question

In human bemngs the precipitin can be observed for varying lengths of
time 1n ease 1 the curve mn the chart showed a strong preeipitin still m the
inth week, whereas in case 3, after a short presence, 1o precipitn could
be observed already mm the fourth week

How now do these antibodies, visible 1 vitro, behave after remnjection?
Here we can g h 3 possibil First the durmg the meu-
bation time, second during the stage of free antibodies, third after the dis-
appearance of the precipitin

Days 23 7 »n
Large Ampunt
[i Precipiin
1.Inyeketert 3kl P Trace
s i T T Horse Serum
o | LA 1
w0 T Lerge Amount
f | Precipitn
2 Jnyektjor) [N i Trace
3 Harse Serym
L I .
te — Praecipitation
e— Agglutination

Crarr XXXIII

1 The curve of the P 1snot ily nfl d by the t
of forergn protemn during the meubation period 2 If the new mjection of
foreign protem occurs dunng the stage of free antibodies, the amount of
precipitin drops rapidly immediately after the mjection (v Dungern,
p 88) The mtensity of thus drop depends upon the amount of the nenly
yected serum However, new formation of precipitin takes place dunng
the folloving days, o formation which considerably passes the ongmal
height of the precipiun cortent This new formation already ocvurs after
a short meubation time

3 When the mjection 15 made after the disappearance of precipitin
from the serum of the previously injected ammals, the antibodies appear
not only 1n an inereased amount, but also markedly more quickly than
the first time (accelerated reactivity)

Von Dungern shows several curves of such remjected ammals, which
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demonstrate that after an mtravenous remjection, the antibodies slresdy
appear after three days

Hamburger and von Pirquet confirmed these findings mn rablbits injected
with horse serum A charactenstic example 13 the following

Chart XXXIIT According to the illustration of v Dungern, the pre-
cipitin 18 marked above the base line, below this Line the horse serum
detectable 1n rabbits

The rabbit recerved at the first wnjectron (on Feb 25, 1903) 6 cc, abont
1/300 of its body weight agglutinating scarlet fever streptococer serum
Moser

On the days immediately followng, only horse serum was n the rabbit’s
serum, no precipitin was detectable The horse serum was determined by
agglutination and also by precipitation through rabbit antihorse serum
The precipitation and agglutmation of streptococer could stil be found
with rabbit serum diluted sixty times

The precipitin appears for the first time on the nmth day, does not
become abundant until the eleventh day

The second mjection was made with the same amount of serum op
March 18, 1903, twenty one days later At this time no precipitin was
present any more On the fifth day 1t appeared suddenly 1n a large smouzt

Corresponding to the more rapid appearance of the precipitins, the
precimtable substance (F Hamburger) and the agglutimne disappeared
more rapidly after the second injection

CLINtcAL Smprods or Szrum Sicrness s Expresston oF TAE VITA
Antisopy ReacTION

Besides the formation of precipitin, after an mjection of foreign protem
we see another form of reaction m human bemngs, serum sichness Thig 1
seen also m ammals, but less distinetly

After the first mjection, serum sickness appears after ap 8 to 13 dsy
meubation period If the mjection of the same foreign serum 18 repeated
after 5 longer mnterval the reaction appears more rapidly as have been fully
descnibed 1n the preceding chapters The mcubation period 15 shortened to
5 days We called this reaction “accelerated reaction ”” The disease follows
the same law as the formation of antibodies 1 witro

We therefore state the theory that there exsts a causal connechgn
between the formation of antibodies and disease, whereby we stress :h:
pomt that we do not 1dentfy the term antibedy with precspitim, o -
contrary we give the term antibody a much wider meanmg Only ”sm_
external, provable sign of the alteration gomg on mside the body 18 e
course of the curve of preapitm of value to ws The more we PI}‘::: e
clinacal symptoms wto the foreground the clearer 1t becornes t
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wital reaction demonstrates more sensitively the changes occurnng m the
orgamusm than the expeniment n vitro

In the chinical picture of remjection we learned not only the accelerated
reaction but we were able to prove that at a certamn sterval after the first
mjection (12 days to about 6 months) a peculiar form of reaction appears,
which we called “immediate reaction” and which we sharply distingwished
from the accelerated reaction

1f foreign serum 1s injected subcutaneously within this time, a local
edema 13 formed, which m the most ntensive cases mereases withm 24
hours 0 200 times the quantity of myected Sd Besides this and at the
same time general symptoms set 1n, which correspond to the symptoms
we are accustomed to see m normally timed serum sickness urtwcans,
fever, edema lymph gland swelling, jomt pans

From the 1dentity of the symptoms we must conclude that the exating
cause for both seres of symptoms must be the same If we have <hown
that the accelerated Teaction 16 conpected with the formation of antibodies,
50 We must also hold the antibod: sponsible for the diate reaction

A new f of antibodes 1n the mummel time between
the mjection of antigen and the eruption of symptoms cannot be accepted
We must therefore assume that the immediate reaction 1s due to ewsting

iibodies The tion of the diate reactivity to a certam period
after the first mjection (12 days to 6 months) 1310 full accord with this
supposition

That the preaymtm dispppears sooner than
can be explamned 1 that the vital reaction 13 mu
experiment i vitro

The 1mmediate reaction throws light upon the mechanism of the serum
sickness Until now one could have had the conception that the formation
of antibodies as such was combined with the serum symptoms, the scrum
would be i this case only the releasing stimulus for the formation of

antibodies

But 1n the immed:ate reaction we see that the antigen plays an important
part 1n the production of the symptoms of the disease It shows definitely
that the meeting of antigen With antibodies elicits the symptoms

In & certamn respect the immediate reaction can be compared with what
15 happening mn witro In the stage of free antibodies the orgamsm gives
on one hand precipitin reaction on the other hand immediate reaction

YWe shonld not forget that the chemistry of the formation of a preaipita-
tion 1s just as plained as the of the app of the
exanthema, We know only the condition under which the

Just as a precyptation occurs when TG
serum to the serum contamng Bi

the ymmediate reactivity
ch mote sensitive than the

reactions appear
ne drop of horse

Mrdwaénc edema (the
R A
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mmmediate reaction) develops when an individual possessing antibodues 13
mjected with horse serum The reaction 1 vivo 15 just a3 specific as the
reaction 1n vitro

Are the antibodies of the wital reaction dentical with the precipins®
‘We shall see Jater (page 108) that in experiments with rabbits a diserepancy
exsts 1 the intensity bet the sickness symp m d persons
and the formation of precipitin, likewise these discrepancies are lustrated
by the results of expenments wmith human beings (Chart XXXII)

Case 3, who edubited the most intensive symptoms of the disease,
showed only traces of precipitin during the course of a five weeks’ sickness
whereas m contrast case 6 with symptoms of medum intensity and of
short duration a strong formation of precipitin In case 7 and 8 no precipitn
was formed at all Also i cases with strong formation of precipitin the
onset of the disease does not de with the p of p tin The
same discrepancy exists mn the termmation of the disease

Francion: studied the relation of the formation of precpitm and serum
sickness m many children In 17 cases be found formation of precipitin at
the same time as the app of rerum 1n 4 cases preapit
formation without disease and 1n 7 cases serutn disease without preaipitin
formation AMarfan, to whom we shall come back later, also found no com-
plete congrmity between precipitin formation and hypersensitivity 1 bt
man bemngs

These findings indicate that antibodies of the vital Teaction are not to be
dentified with the precpitin We know from the varous processes of
immumzation that the same substance creates the production of different
knds of d bl bodies So for le with an mjection of &
culture of typhad bacilli, besides antitoxin also agglutinmes and bacteno-
Iytic substances (antibodies) are formed, and their appearance and intensity
do not necessanly parallel each other

In general one may say that the vital reaction 18 more sensitive than
the reaction 1n vitro, particularly as to that which appertamns to the durs
tion of the reactivity The precipitin regularly disappears 5-9 svecks after
the first mjection The immediate reactivity persists for several moxnths
and disappears only after § or £ of a year Even after 1% years 1t may be
still present as the following case shows

Dr v P was several times previously inject:
Remection on 1/21/05 No trace of precipitin m the bl

tetanus serum Within a few hours very 1ntensive spectfic local re
No new formation of precipitin

The nial reaction after revngechion 18 specfic

Proof for this 18 the following

ed, the last time on 3/16/03
ood 15 ce astt
action
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1 Persons mjected for the first time never develop the characteristic,
extremely intensive local edema after 2 small dose of serum
A very small local reactton consisting of redness and a little swelling
oceurs at a first 1njection, this finding does not destroy the value of the
posittve reaction just as an msignificant precipitation between sera, which
have no antigen relation, does not destroy 1t
2 The reaction 13 specific for the antigen 1n question The experiments
relating to this, which we shall report on page 108, were performed only on
rabbits—not on human bemgs Previous injectron of horse serum produces
sensttiveness only to horse serum, pig serum only to pig serum
That 1t 18 a specific reaction to horse serum and has nothing to do with
the antitoxin content, can be concluded from the fact that all antitowe
sera, 1n 80 far as they are taken from the horse, show amongst themselves
the wital reaction In our e we used ly diphthens,
scarlet fever, tetanus and norma! horse scrum (Chart pages 80 and 81)
The essenttal pomt of our theory 13 that the immediate reaction and
the s after are & vital body reaction
But the antibodies, which are responsible for the reaction, :ire not 1deAnh-
cal with the precipitins : -
m the organssm which «
chemical interaction be
wital reaction
Let us now return to the explanation of the serum sickness after the
first 1njection In 1t we see the appearance of sickness symptoms only after
8-12 days The antigen needed for the reaction 18 present, what 13 missing

18 the second agens needed for the reaction—the antibody According
to the commonly accepted theory, the latter 1 formed I|:'y ﬁhe st:m’uh}hon

and tissues of the orgamsm, 1 & way smilar to that of 1 immediate

reaction . 1

decided T camenanvahhtan e
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that the first symptoms of a normally tuned reaction are very frequently
seen at the place of mjection Already m 1903 J Herlzka explained ths
local reaction as an effect of locally formed antibodies

The accelerated reaction differs from the normally timed reaction m
that the anfibodies are reproduced more quickly and therefore the disease
starts eather The (hmeal observation of the accelerated reaction shows
another analogy between antibody formation and disease As the curve of
preaspitm after remyjection not only starts after a shorter meubation time
but also rises more stecply and to a lgher point, so the accelerated serum
sickpess starts not only mare quickly but also more stormy

AcQUIRED HYPERSENSITIVENESS

On this basis a further charactenstic sign of the mmediate reaction can
be understood, 1e hypersensitiveness

Whereas after the first mjection of even a quantity of 200 ce serum
there are often no viuble symptoms of serum sickness yet m the case of
remjection 1n the stage of immediate reactinty as little as 1 ce almost
always produces o distinct edema and frequently generalized symptoms

In order to explain hypersensitiveness we must at first get an 1dea as to
what factors are responsible for the intensity of serum sichness

In the clmeal picture of the first serum sickness we stated that the
percentage of chmeally fest of a serum depends
upon the kind and the amount of injected gerum and upon the mdividual s
disposition How can we bring these facts into accord with our theory?

For the moment we can distegard the part played by the kind of serum
ax we always used horse serum m human beings, and 1 the expenimental
studies we always used the same serum for the first mjection as we did
for the reinjection

Therefore the ouly factors which remamn are the zmount of the antigen
and the mdividual disposition The first factor can be excluded by using
the same amount of serum for the first mjection as for the remjection
The second factor, the mdiyidual disposition, may be based, on the one
side, on a different intensity of antibody formation or on the other side
on the difference 1n sensitiveness of the organtsm to the toxm ereated by
the iteraction between antigen and antibody

i

wice at an mterval of 29 days, recerved
The first time there Was 1o reaction, the

sond time on xmmediate mid formation of edema
seHeze the lund and smount of serum ate the same We can assume that
the mdividual remamed unformly sensitne to the touc subsmncc(;:s
such For an explanation of the ifference 1 reaction we have only the
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absolute amount of toxic substance This depends upon the amount of the
substances which interact at the tume of the reaction

The second reaction starts immediately after the mjection of the foreign
serum because the forergn serum can be broken down by the esisting
antibodies The total amount of antigen can be at one time converted to a
touc substance

Why does not serum sickness develop the first time?

We must assume that 1n spite of the absence of ehmical symptoms, also
1n this case antibodies entered the circulatton about 8-12 days after the
mjection Dunng the long time until this happens the concentration of
antigen has dumshed by its distrbution throughout the whole body
In & diluted solution reactions are slowed down The formation of the
toue substance does not take place with one stroke but 1s distnibuted over
2 longer penod of time Thus its effect does not reach the threshold of
chineal detectibility

Anamal Experiments

In the light of these climcal experences the result of the ammal expen
ments becomes easily understood—1m ammals the first njection regularly
leads to no climcal symptoms Only after repeated 1njections at certan
time mtervals, are mmediate reactions observed which after subcutaneous
1njections vary from local edema to gangrene, after mtravenous injection
from symptoms of collapse to acute death

Sinilar experiments were performed by Arthus—following the investiga
tions with actima poison by Rachet—and were published at about the same
time as our first report (Arthus on June 16th, we on June 25th, 1903)

Arthus reports no damage after the first mjection of horse serum into
rabbits and 1t was mmaterial whether the horse serum was mjected sub-
cutaneously or intravenously However if the 1njections are repeated every

six days after about the fourth sub I Yocal P
develop at the site of mject these sy alnays more
d n to These local

mtenstve, from a sumple
symptoms are not the effect of repeated mjections at the same place, as
they also appear if the first 1mjection 1s made 1ntrapentoneally and the
Dew imjection 18 made for the first time subcutsneously

These symptoms are also not the effect, of a summation of the serum m
the orgamsm of the rabbut, as & large quantity at once or several days 1
succession does not produce symptoms After an ntravenous or intra-
pentoneal rewnjection much more sernous symptoms appeared

A tabbit pretreated with 8 imjections Teceived 2 co serum into the
earven Approumately one mipute later the ammal made movements
Lke sneezing, became anxious and restless, lay down on 1ts abdomen, the
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breathing became rapid but not dyspneic (200-250 respirations) Many
bowel movements set 1m, then the rabbit lay on ats side, turned the head
back, made running movements with the paws and finally remained mo~
tronless, respiration stopped After a short pause, when exophthalmus de-
veloped m the eyes by extingmshed corneal reflexes, the rabht made
4-5 and died 1y 4 ounutes after the mjection

In other casesall the mentioned symp disappear m sbout 15 minutes,
the ammal seerns to be entiely restored to health, but afterwards the
ammal becomes eachectic Arthus observed sumular symptoms after re-
peated mjections of skammed oulk stertized by 100°C He concluded from
this that all hgwd proten substances produce s condition of “Hyper-
senmiveness

Arthus also knew that after repeated serum injections, buman beings
develop “‘a more or less edematous swellng of the area of mmjection ™
In several pomnts our conceptions differ markedly from Arthus, although
we agree with s objective results

Arthus believes the first wjection has no chmeal consequences (“Le
serum de cheval n'est pas toxique pour le 1apim”) and after remjection sees
only hypersensitiveness, he overlooked the serum mechness after the first

and the ¢ m b time between the

first and the d unknown to im On ths
difference we built our theoretical conception

In contrast to human bemngs 1t 18 difficult to yudge the serum sickness
after the first injection m rabbits Moreover Arthus made the posubiity
of 1ts observation difficult because without waiting for the mckness, be
remjected 5 ce serum (each time) at regular intervals of 6 days When he
then observed local symptoms from the fourth mjection on, which were
always tussing after the previous injections, 1t 18 easy to understand that
he lud the emphasis upon the repetation and the total number of jections
and nob upon the time mterval between the first injection and those which
produced the local symptoms. Charactenstic of this conception 1s the fact
that he caleulates the of hy not according o

days but according to the number of mjections
Tn contrast to tis we were able to prove that even one single mjection

creates hypersensitiveness
From » comparison of our mvestigations with those of Arthus 1t can be

shown that only the mntensity of the speeific reacton 13 mereased by fre
quent repetition of the mjections whereas for the timo element of the
smmediate Teaction one previous mjection suffices

nd duratson of the local sensilieness
Froeriment to study the onsel and dur of : e
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rabbit A, the third rabbit C was injected 15 days after A, D 20 days after AE
Finally 25 days after AF

On the 30th day after the mjection of the firat rabbit, all animals each recerved e1-
multaneously with the control animal 10 cc of the same horseserumnto theskin of the
abdomen The control antmal had had no previous mnjection of horse serum During
the bours immediately following the njection, the control ammal showed a soft
swelling corresponding to the amount of mjected serum Thus swellmg decreased
substantially within 24 hours In contrast to this, E developed & hard, intenaive
infiltration 1 the area of njection considerably surpassing the amount of mjected
serum The nfiltration was, a3 Arthus had slready pomnted out, sterile and persisted
for several days

Ammals B and C developed less mtensive filtration (Interval 25, 20 days) F
& D behaved like the control ammal

‘We see that also 1n rabbits one single mjection 15 able to create sensitive
ness It 13 not yet present after 5 days, after & 10 day mterval 16 15 clearly

tablished I thately before the ammals were examuned
for the presence of precipitin, with regard to the connection between pre-
eipitin formation and local reaction The strength of the preciprtin forma-
tion does not cotrespond to the mtensity of the local reaction The anmmal
with a 20 day mterval did mdeed show a strong local reaction combimed
with a strong formation of precipitin, the anmal with 2 5 day nterval
no local reaction combined with the existence of a trace of precipitin, 1
contrast the ammal with a 25 day mterval showed a strong local reaction,
without finding preeiprtin 1n the blood Traces of precipitable substances
were found m all cases A further blood examination was made 7 days after
remjection The repeatedly mjected ammals showed a formation of pre-
cpitin almost twice as strong as the control ammal, a proof that after
remjection the antibodies appear earher and 1n a greater amount

Tae SpectFic EpeMa

Whereas we could describe many symptoms of serum sickness m human
beings, rabbits show almost no symptoms outside of the local reaction
Therefore the sigmficance of this symptom 18 pushed mto the foreground

We use the outside of the earlobe as & suitable place for remjecting the
rabbit It has the advantage over the 2bdommal skin of beng easer to
watch An example will show how easily observation can be made at this
place

Rabbut 68, premjected

on 12/12/03 with 10 ce ‘horse serum 1n the ?b-
tion of 5

d afternoon of 1/4 (23 days later) a remjec

ccu mxixntzl t::nngll!:t t:;i Tn mormpg of the next dasy no stnking ewelling,

in the afternoon and increasing for 3 days a tremendous erysipelas like

wfiltration of the ear The ear s hot and thick, hangs down As mentioned

before, the skun of the foresrm 15 the most suitable area for observing a

s

remnjection 1n human beings
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Arthug furthermore praved that the vital local reaction 1s a speafic
one Cow mulk creates sensitiveness only to caw’s milk, horse serum only
to horse serum We could also prove that the reaction s specific, usmg
horse serum and pig serum for the pretreatment of Tabbits When the
njection was repeated, specific edema nppesred at the place where the
same anbigen was mjected the second time

Ezpersments

Also 1n human bemngs frequently enough symptoms appear only at the
site of myection which can exhubit esther merely a specific edema with a
pale slon or we find 1t at the same time & mottled or urticanal eruption
appears or erysipelas lihe redness m the edematous skin Just as these

First 1ojection on 3/4/05, second imjection on 3/15/03 (atter 11 days)

Remjection (ear}
Rabbit no | Weght (First ijection abdomenal glomf o 77 777
‘ Weht | Fdema | Lt | Bdowa
12 Pt 13 (3cc horse; a -— i
serum
68 2216 | 11} ¢c prgserum —_ —~ j8cemg| ++
serum
321 2530 12, 3 0 3
02 3150 15 3 ++ il -~
431 3000 15} ce horse serum - — 3 0
102 2960 15) 3 ++ 3 +

focal eruptions are analogous to the generahzed eruptions of persons m
jected for the first tune and of remjected persons, so we put this local
edema 1 the same category as the peperal edema, which accompames the
general rash of persons 1jected for the first tune

The Jocal edema cannot be determuned by a scale but by replacement
of water or by measuning {See p 84)

We saw, as we veported before, local edems 1n which the amount of
myected serum produced a 50 to 200 times larger swelling In a reaction &t
normel time we find 2 smular relation hetsween the amount of mgected
serum ahd the universal swelling due to this serum

After an mjection of 10 cc diphthena serum n Rudolf B a umversal
edems. develops accompanied by urticarta, the amount of which TV:S
determmed, by weighing, to be 1100 grams The relation of edems fo the
ssnount of el se“:n o 1-130 (Célﬂtﬂf - the smount of anti

ney m the proportion between the
edz\fx:. il:scr:lp;ad;’ pmntedpouc on page 84 It 1s also vald for the edema
of serum sickness at normal time

gen and
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Thus Karl A (page 45) had 2000 gram edema after an mjection of
200 ec serum, Franz K (page 41) with the same dose only 400 gram
In many cases (Otto D, p 37) we are not even able climeally to deter
mine the edema by weighing Chart XIII p 37

The great diff m vartous indivaduals 1n the f of edema,
with respect to local as well as umiversal edema, indicates that the edema
18 not to be concetved 2s a physical phenomenon which accompanies the

t between b and but as an end
effect of a toxe stunulus, through which the individual dispesition 18
afforded larger room for action

That 1t 15 the wnteraction between horse serum and antibodies which
creates the touic substance we further tned to confirm by creating art
ficially the condition for the reaction m en ammal not previously mnjected

These rabbits each received 10 cc horse serum in the abdommal walt
After 24 hours, when resorption can be assumed to be finished, but an
active antibody could not be expected to be present, two rabbits each
recerved 2 cc ent1 horse serum prepared from rabbits, one rabbit recerved
2 ce 1n the ear lobe Whereas the last showed no reaction at all, one of
the first two rabbits showed a typical reaction (edema), the other shght
edema, of the ear

Numerous expenments 1 order to produce speafic edema have not
given clear results These expeniments consisted of mnjecting a mixture of
horse serum with anti horse serum or of sumultaneous njection of both
substances, finally mjecting with horse serum after having previously
treated with ant1 horse serum

Acquirep Doruntry, HYPOSENSITIVENESS AND LACK OF SENSITIVENESS
A closely related question 1s whether the orgamism retamns the hyper

after d of foreign serum, or whether the
hypersensitiveness changes to a condition of chmcal immuntty as 1t hap-

pens mith tuberculin .
The results of ammal exp: ts ap ly are dedly agamst this
Animals rep dl. d at wntervals of G-10 days react

always more ntenstvely with severe local reactions and after some time

become marasmic and die
From this Wolff drew the conclusion that serum differs in prnetple

from those substances, against which true antitoxin 18 formed, and brought
the serum 1n analogy to the endotoxins The evpenences made with eel
serum also are agamnst the mentioned theory and 1n favor of the eustence
of true tmmumity n these processes As early as 1902 Hamburger studied
this question He injected egg nhite mto animals and used the excretion
albumen 1n the unne as an mdication of immumty He found that the
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albuminuna, which was otherwise always chserved after an mjection of
egg white, dusappeared His experiments did not remam unopposed Our
expenence with humens does not permit us to make a defimte decision

Dr v P Fustinjectionn the spring of 1002 200 cc searlet fever seTum, gerum
sickness sets 1 after 8 days and lasts one week

2nd inzection, 2/11/03 35 co dipbthens serum (iaterval 9 months) sfter half an
bour itehing after one hour shight red swelling of 1 em radius

3rd mjection 2/21/03 (interval 10 days) 8 ce diphthenaserum Mildspetific edema
desenbed on page 84

4th imection 2/27 (interval 6 days) 6 cc diphtheria serum Shight swelling

5:[& Inpection 3/5 (nterval 6 days} Sce diphthena serum Hardiy perceptible
swelling

6th 1ngection 3/16 (interval 8 days) 9 cc diphtheris serum Slight swelling

The first injection ran a typical course Ineubation time of § days, that
13 normaily timed serum sickness Nine months later after an anjection of
o smail amount of serum a mummal, not posttively speeific, reaction
Through this injection the sensitiveness secms to have been reawakened
because when ten days later a large amount was mjected a speaific Jocal
reaction appeared

Tt 18 mgmificant that through this repeated tion the
appeared more quickly than after the single injection, when we do not
see 1t untal the third week It may be that this 1s to be explamed by the
accelerated new formation of antibodies The next mjections seem to
confirm the that the org became hy ve to the
serum—that 13, became ymmune

But 1t 15 dufficult to brng the result of the seventh imjection 1nto accord
with this statement

Dr v P 1/21/05 (terval 22 ths) Iny of 15 co
serum Strong speefic edema, deseribed on page 83

The result 19 neither m accord with the supposition of an creasig
1mmumty nor with the regular beliavior of ihe reaction period—accordig
§o chart XXXVIN, which establisbed that at intervals of more than 9
months the diate reaction 18 d by an accelerated reaction

To be sure, only cases with one previous mjéction were used 1n this char
and st 18 possible that local sesitivepess lasts longer due to many rew

jections and Targe doses
Johanna Cz 13 years admitted on account of malignant dipbthersa Fortherapeu-
{s¢ purposes repeated 1njections of diphthenia serum 1n short succession
g
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Up to thus pomnt no symptoms of serum sickness appeared We are within
the normal time it where 18 not yet ibhished
From very many rewjections dunng the first days we learned that re
peated mjections during the normal ncubation time never bring about an
eather appearance of the disease All doses are summanzed for one single
reaction which turns out as if the total dose had been given at once on the
first day This reminds us of the beh of small, where
those areas which have been ted dunng the b pertod
reach the full reaction at the same time as the pnimary vaccnation reac-
tion (Sobotka et al )

Tn the aforementioned case the mckness m accordance to this law ap
peared 10 days after the first ijection m the form of & general rash While
the serum symptoms were still present the sixth mjection on 4/3 (nterval
13 days) 3 cc were given In the afternoon generalized urticana, jont
pains

Seventh mjection 4/6 (nterval 16 days) 3 co In the afternoon 382°
morbilh ike eruption 1n the skin of the epigastrium, confluent rash Pam
1 the hand on 4/7 and 4/8 fever, jomt pam On 4/9 no fever

Faghth mjection 4/11 (nterval 21 days, 3 cc) Half an hour after the
mjection edema at the area of mjection Urticanal zone on the sk of the
epigastrium Scattered urficana over the entire body

Ninth mjection 4/17 mterval 27 days 8 cc serum Tmmedzately after the
mjection a local eraptson of a rash

In spite of the numerous injections this case 13 not very sutable for
answering the question whether or not an mmunrty agamnst serum develops
The first five fall 1mto the meubation penod and sum up to one
smgle reaction, which With several new eruptions lasts for one week
Therefore 1t 13 not possible to judge the effect of the sixth and seventh
1njections which fall nto the reactton period Only the exghth 1njection 18
undoubtedly followed by 2 specific mmediate reaction, proven by the
local edema This edema appears here for the first tume sfter an mnterval
of 91 Adava Onlv n sompanson of the mtensity of the two_ last reactions

reaction than the previous one N ity of
From the followng case one could cony thep of
Johann @ , also repeatedly rempected on accoutt of malignant diphtherta Whether
1n former years an injection had beea given could not be aacertained
e anon A U 18 cc serum On 2/12 (8 day) 1n the forenaon

(Observation 2nd, 3rd snd 4th injections
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1nsufficient 1n the skin of the arm Afternoon the area of snjection slightly edematous,
a httle panful

5th injection 2/27 anterval 20 days 4 cc After half an hour the area of mjection
red 24 hours later shightly mfltrated

6th injection 3/2 interval 23 days 3 ce imected Soon afterwards, imited swelling
around the mte of mjection 24 hours later no reaction

7th mjection3/5 1nterval 26 days3 ce No reaction well oheerved

8th imjection3/8 wnterval 20 days3 ec No reaction well observed

9th inject1on3/16 1nterval 87 days 3 ce No reaction wel) observed

The chuld developed a positively established serum sickness, and after his
chmeal termmnation recesved eight more serum myections It cannot be
stated whether a local reaction took place after the first two mjections
(2nd and 3d) However 1t 15 certaimn that after the 4th, 5th, and 6th speaific
edema developed and that later the reactivity dimimshed

Lately Marfon* mfiuenced by Arthus published many observations con
cermng hypersensitiveness to serum

He reports six eases of immediate reaction

The first case m which the first rash appeared after 5 days and the volent
symptoms termunated after 2 days showed a great amount of precipitin
as early as 8 days after the mjection

Judgmg from the rapid appearance of all symptoms 1t seems probable
that the child had been previously imnjected and shows an accelerated
reaction

Thus 15 also 1 aceord with the observation that when remjected after
an mterval of ten days immediate, specific edema developed

Case 6 shows the peculanty that no specific edema developed 1 spite
of the presence of a weak preciptin reaction

The accelerated reaction was unknown to Marfan and Le Play which
was probably connected with the fact that m the selected interval (10-32
days) the mmmediate reaction 18 the rufe and a Iater appearmg accelerated
reaction the exception

The followng cases of Marfan and Le Play are valuable for the con
sideration of mmunity Case IV First mjection 10/15/04 20 ce diphthena
serum After 6 days generahzed urtieana, 39 3° temperature After 9 days
weak precpitin react:on 2nd injection, mterval 14 days 5 cc  spectfic
edema, 389°, strong precipitation 3d ojection, 19 days after the first
mjection 5 cc specific edema, prepitation 4th mjection, 23 dayy after
the first myection 5 cc shight swellmg, weak precipitation 5th mject;ou,
31 days after the first imjection 10 cc mno edema but on the follow;lngﬁ ;)c’
mild urbicana, weak preapiation 6th njectron, 40 days after the

#3farfan and LePlay, hérch Ia des d
(Soc med des Hopitaux 3/24, 1905)



THEORY OF SERUM SICKNESS 13

mjection 5 ce Very httle edema, very weak precipitatron Here the local
reaction decreased visbly durng the course of the first month It would
have been very mteresting if the entire course of the repeated mjections m
case VII could have been observed

A gix year old girl, beng a difficult case of decanulement was a patient
1n the diphthena ward for almost three years, recerved each month or every
second month 5 ¢c diphthena serum for passive immunization

On July 15, 1904 Marfan demonstrated the gil at a meeting of the
medical society as a proof that the observations of Arthus are not valid

First  1mjection

{ec) 30 50 40 20 0 60
Incubation  time
and  lkind  of]
serumsymptoms|
after first 1
Jection 5day |8days |8days [6dams |1ldays |9days
urtie urtie ery- urtie urtic urtie
tomt them
pam
398° 391° 393°
Interyal 10 days |11 days |33 days | 14 days |17 days |12 days

Amount of serum|
at the second 1

Jeetion 1o co 5 b 20 5 5 5
Reaction edema gen ur- | edems | edema | no ede-
Iymph tic 39 ma
gl
swell-
g
Precipstin reaction| ++ ++ + + ++ +

for human bemngs Up to that tine the gul had recerved 24 mjections

without any symptoms being noticed after the mjections
It 1s pecultar that from now on the findings changed The 27th and 28th
1mjection were folloned by local edema and shight fever In any case 1t 13
that the still exists after so many wmjections of

serum

That no precipiti was found after
have been an mportant phenomenon, +f the experrments had been repeated
several times But 1t was done 0, 1 and tvo days sfter the mjection It
could be possible that precipitin Was 1‘m-mc(}ll gach %1:1(: more mp)(:]y b‘;:

6th day at no precipitin w:

would perhaps sppear only on the 4th to
found rlllurmé.J thep first days 13 no proof that it 1s not formed at all

the 25th and 27th wjections would
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TEE IMPORTANCE OF SERUM SICRNESS IN GEnERAL PATHOLOGY

We consider the discovery of the diate and ) d react:
1m serum sickness as the two most outstanding results of our nvestigations
Before us both forms of reaction had been overlaoked Only the hyper

which d the d reactimty m vanous
antigens was already dealt with by other authors
It was only Arthus who, simult Iy with us, described the hyper

sensifivity 1o serum sickness and reahzed its importance He proceeded
from the investigations of Richet who observed 1n expeniments with actimsa
venom that the lethal dose for a dog 15 0 1~0 18 grams per kg body weight,
when the dog 1s mjected for the first time Death never occurred earhier
than 10 hours after the injection In ease of remnjection—the mjection of
the poison was given intravenously—the ammals died m the first place
after smaller doses (0 15 g was always fatal) and 1n the second place more
quickly The following 15 a ch pl

For 1ts first injection a dog recerves 0 10 actima venom per kg body
weight, after whick there were o distinct symptoms

Twenty two days later another injection of 0 10 & prohg was madento
the vena saphena, after a few seconds the respiration became labored
The dog can hardly move around any more, Les down on its side, has
duarrhea and hemorrthagie vomuiting, des after 25 minutes (C Portier
and Ch Richet, Bull defasoc d biolg, 1902 p 170, Ch Richet Arch di
Fisiologma, 1904, p 129, and Soc d bil, Jan 21st 1905)

Richet extracted two different substances from the actima poson the
crystalline thalassin which 13 only shghtly toxie, hut which already in
mmnimal doses produces pruntus, and the albumen kongestin, which by
far surpasses the ongmnal poison m towe effect ahd which produces the
1stie 2 m the digestive tract Riche! made
further experiments with kongestin which as far as the relation of the
first mjection and the remjection are concerned, gave the same results as
the experiments with the actiua poison The lethal dose for the rabbit
when mjected the first time 15 0 009 per kg , when remjected 1t 18 fess thag

00033
chhegl comed the term ana-phylactic effect for the results of the first
tion which prod hy The term was selected to

q ress the difference from a pro-phylactic effect
eq;inaphyhﬂa (hypersensitiveness) needs a certaih amount of time for
1ts deve) t (hyp veness 18 not yet present three to four dz:y;
¢ myection) It persists for a long time and after one year 13 4
ﬁ:ntc}ée ’fli‘m R of hyp eness by means of serum of 1njected
ammals mto another ammal was not successful Richet quotes sumiar
chservations with tubereulin and tetanus
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Knorr, Behring and Kutashima reported that gunea pigs show an m
creasing sensitiveness to repeated mjections of tetanus toxin (Expen-

mental ns about the 1 of bility of tetanus, V,
1902, 18, Berhner klin  Wochenschr , 1901, p 157)

Ruchet believes that i the two sub hal and
congestin—from the actima venom—he had found the representative
of the venom, the causes the anaphyl effect, the thall
the prophylactic The tin prod by hal
leads to immunity

From these 1t may be luded that the Congestin pos

sesses anaphylactic effect mn a high degree However the proof does not
seem convinemg that congestin could not act also as an immumzing sub-
stance and on the other hand thal as an anaphyl 1
Moreover 1t 18 unhkely that such a separation of opposite substances could
be carried out mmilarly m other material with anaphylactic effect as
horse serum  tetanus toxn or tuberculin

The results of Richet s experiments can be explained with the assurp
tion that the congestsn 1s the more toxic and the thalassin the less towie
part, and therefore the prophylectic effect of thal can become ap
parent as an 1mmumzation with attenuated cultures and porsonous sub-
stances Serum and sctinta venom are simlar in the respect that both are
substances which are unable to multiply However there 1s an 1mportant
difference between them masmuch as the actinia venom acts after the first
mjection without an meubation period whereas even a large amount of
serum almost never p diately the first
1njection

As far as the serum 18 concerned, we could prove that 1t 13 as such not
towe, but that the toxiec substance 18 created by the mteraction between
the orgamsm and the antigen Other kinds of ammal proteir like mulk
(Arthus), spermatozoa (Wolff) behave 1 & smlar way

In spite of this difference m respect to the pnmary tox:lclt); ];n both cas:ls

about equal alteratrons m the orgsmsm,

e e e Syparansienes 111 aly tho scoeated
reaction which can not be observed m substances like actima venom which
are toxic as such, because the integral part of the saccelerated reaction
(the shortened meubation time) cannot be seen 23 these poisons produce

mcubation perod
symptoms without an b y an be expluned m &n T

m
\ma venom The behavior of tubereulin 13 being much
besides hypersensitiveness there 15 another
of this hyp to lack

Hy
way to that of act
more mtensively studied, and
princsple known namely the
of sensitiveness-—Immumty
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Tubereulin 1s an extract which 1s not able to multiply, but originates from
a germ whuch 15 able to multiply, and we can expect that after an mfection
with tubercle bacilli, hypersensitiveness may be created 1 the same way
as 1t 13 by injecting with extracts or with dead baeilll Thus we reach the
d of hy eness I mnfectious pracesses

As early as 1888 Arloing had expressed his opimion that pathogenie
mucroorgamysms, particularly tubercle baemih, excrete soluble substances,
which mfluence the organism in such a way that the ammals die more
rapudly if they are later infected with the same baalls

Courmont studied this problem extensively with tubercle bacillh (Revue
médicale, 1891, No 10, p &31,ref Zentralbl f Bact, Vol 13, p 714}
Bovine tubercle bacili, dertved in pure culture from a tubercle in the
pleurs, produces a generabized tubereulosms m rabbits and kills gunea
igs without macroscomeally vismble slterations Courmont mjected am-
mals with soluble products denved from tubercle baeth by filization of
young cuitures Guinea pigs and rabbits never react to these ijections
‘When ammals, so prepared, are mmediately afterwards mfected with &
pure culture, they behave like normal animals

However 1if the sniraals were infected several days after they were
mjected with the soluble prodacts, the results were quite different

If ammals, which had been mjected with filirate twenty days ago and
since that tume felt well, are mfected subeutaneously with a tubercle taken
from a gusnea pig then the guinea pig dies m 15 hours, the rabbit 1n about
23 hours These anmals die sixteen times more quickly than the control
ammals Thus predisposition ewsts mn full strength from 4 to 20 days after

C. £ d that the by means of the previous

mjection becomes a more favorable soil for the mfection It 18 exposed
defenceless to the The 1 part of Courmont s explanation
hes therem, that the as such p prot k
which wall off the infection The protective substances are elminated by
the first injection of the mentioned soluble substances This theory wlnck
e shall still encounter frequently, we wish to call i short “Elmenalion
theory Courmont leaves unexplamed why several days are necessary for
the elimmation

The Lyonnawse school attributes these observations to other xmcroorgamsn;

ach as staphylococet and streptocaces, baeillus pyocyaneus, ete sl
made simular observations with diphthena baeillt .

Strauss and Gamalea report that ammals after a second xn:cctwlnro
dend tubercle bacilli die suddenly, whereas at the first :;Tlicmr: :uf:
quantities are tolerated without any reaction Symular results a

d Proca
hs‘ggn?r};xgﬁei::“r\ddxnon" thebry of Koch—accepted by most German
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authors and hkewse contrary to the “Ehmmation” theory of the Lyon
naise school—as early as 1891 Koehler and Westphal offered & thurd theory
concermng the effect of tuberculin These authors were of the opmion
that through the \: of tut lin with the d of tubercle
bacills m the tuberculous foct, a thurd substance was formed, which pro-
duces the climical symptoms of the tuberculm reaction

Marmorek (Society de biol 1904) has s similar eonception concerming
the ongin of fever during the tuberculn reaction, he bebeves that under
the influence of tuberculin, the tubercle bacillus may secrete a pyrogen
substanee

Bail, Jated by the of Detre Deuisch, took up the
experiments of Courmont agamn, and made s careful study of hyper-
sensitiveness 1 tuberculoms To explam the hypersensitiveness of tuber-
cular gumea pigs to remfection Bail developed another theory which he

tubercle bacilly, 1s mjected mnto an ammal which had no previous injec-
tion, this anumal also dies rapidly

Bail mmages that the tuberele bacllus secretes a soluble substance
wWithin the orgamsm, which paralyzes the leukocytes He called thuis sub-

stance agressin
The exudate obtamed after remjection contams this agressin In the

expenments of transmission the agressin paralyzes the leukocytes, 1e,
5
f

the protective sut of the new The pi o
the tubercle bacillus now rapudly exerts its effect This explanation cor-

ds, 1 le to the theory” of Arlomng and Cour-
mont,

Durng the last year Wolff also studied the problem of hypersensitiveness
and developed t 1 d based on the mvestiga-
tions of Pferffer dealing with endotoxins
Endotoun can only produce 1ts effect when the bacterial covers are
dissolved through t lysine, 1 ¢, liberated by dies As soon a3
the end 18 set free 1t 13 drately p without any ncubation
time Pfeiffer’s aud Wolff g theory concerning the method how endototun
exerts 1ts toxic effect 13 very closely related to our theory about the nature
of serum sickness
Wolff also tned to nclude m s studies the hypersensitiveness after
of dissolved protem sut and n ths respect based his
work on Arthus’ and our observations
The theory of the endotoun, which was Lberated by bactenolysine,
cannot be apphed to dissolved protem substances We can only aceept 1t
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m the sense that by mnteraction of antibodies and sntigen, a toxe sub-
stance 1s formed, but then Wolfl has the ssme viewpoint as we estabhished
one and one-half years before him Where bacteriolytic antibodses play
a part in bnnging about the reaction we must remember that their produc
tion sets in only after a certain incubation time

Thes leads us to the question of the nature of the mcubation time, the
explanation of which cannot be an umform one The long incubation penod
sn tetanus was made clear by the fact that, as was proven expenmentally,
the tetanus toxin has a long way to travel along the nerves until it comes m
contact with the cells which are susceptible to the toxin

In malaria 1t 19 shown that the nterval between two attacks depends
upon the fact that only certain phases of the development of the paramte
produce symptoms of the disease

A smilar conception prevails for a hst of other mnfectious diseases (a3
measles, variola etc ) m which one considers the mcubation period as the
breeding time of the nciting germ

Samuel (Eulenburg s Realencyklopedia) says “The explanation of the
meubation time most Iikely 1s that besides the multiphcation and migra
tion of the infectious germs, their further development must take place,
whach 1 this stage produces the stormy pathological effect

In Perl’s General Pathology edited by Neelson, we find a stmlar tramn
of thoughts “The easiest way to explan the mncubation time 1z by the

p that the ding parastte b d only after 1t has
reached a certain stage of its development

In spite of their external differences these theories have in common tfat
they all seek the cause of the meubation time only and exclusively i the
causative agens (the germ) and 1ts metabolic products and they do not
take in consideration the infected orgamsm

In therr explapat of the bat time mn nfe p
Plerfier, Wassermann and Wolff pay more attention to the organism

The role played by the orgamsm becomes clear from the circumstance
that just 23 there are laws of reactivity 1n serum sichness so they are also

e L mamnocas

ated most beautifully m vac-
« ner Naturf u Aerzte Kassel,

3,
MQVI)nerens the earliest that the general reaction 15 seen after a first vac-

cmation 18 on the seventh day, 1t always appears decidedly earher after 8

tion
w?xccmael cotrse of rezction 13 sltered n the sense of a considerable
ot and d of symp The eatlier the reaction appears
the less mtensive 18 the entire process
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How can we explamn this finding? A to the earher of
mcubation time and disease, that the inerting germ must multiply to a
threshold of ability to eliit disease, we have to assume that the germ
could develop and increase more rapidly i an orgamsm that had been
already 1jected than 1n an orgamtsm that had not been mjected We have
mentioned that Arlomng even expressed this opimon Agamst this view 1s
the fact that mn tuk losis and the b time 18 not
shortened through an mjection of an enormous amount of germs Beckére
Chambon and Ménard have shown that when calves are vaccinated, the
disease even then does not appear eatlier when the calves are mjected with
a large amount of vaceination matenal

The virulence of the germ cannot be responsible because one and the
same matena] di after a first a normally
timed reaction, and after s revaceination, an accelerated reaction

In a disease due to s multiplying germ, the law of accelerated and

d tivity and 18 also valid

A related train of 1deas regarding nfectious diseases can be found m a
study about Cure and Immunity wrnitten by Buttersack, (Virchow’s Arch ,
Vol 142) m whuch he states that the cure 1s brought about through mhibi-
ti0n PPN e 4 ihnhanhe £4h donnca
Butt
by
bring ebout this mhibition of development more rapidly in the case of &
repeated mfection However we wish to explain immedzately the essentral
differences between Buttersack’s theory and ours Bufersack places the
moment of inhibttion of the development 1 e of the action of the organism,
at the hughest pomt of the disease, whereas we brng already the beginnung
of the disease with the antibodies Qur of antt
bodies does not comeide with the usual term of antitoun, but we use the
term m & quite general way as the sum of the specific produets of reaction
of the orgamsm created by the mtroduced antigen

As an explanation of serum sickness Buttersack’s theory does not suffice,
because 1n the case of serum, which 18  substance not capable of multiply~
ing an mhibition of development cannot take place at all

The conception that the antibodies, which should protect against disease,
are also responsible for the disease, sounds at first absurd Thig has as its
basis the fact that we are accustomed to see 1o disease only the harm done

means of disease

of mmunity only by tam this mmumty on the basis of &

Modern medical science seeks to ob
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muld disease and where possible a disease runmng a local course In in
fectious diseases we clearly see the advantage so to speak the teleological
mgmificance of the accelerated reaction

The earlier the reaction of the orgamsm ensues (vacemnation), the less
time has the foreign mtruder to multiply, the quicker will 1ts development
be inhibited, that much less will be the consequential damage to the whole
orgamsm

On the other hand m serum sickness one has the 1mpression that 1t 18
unfavorable for the orgamsm to react more quckly after remjection be
cause the quicker the antibodies mnteract with the antigen the more
wmtensive Wil be the disease

This contradiction can perhaps be explamned by the fact that an mtro
duetion subcutaneously of a non multiplying agens relatively seldom takes
place 1n nature (sting by 1nsects, snakevenom) Serum sickness represents
50 to spesk an unnatural (artificial) form of disease The usua!l cause of
disease 1s m the vast majonty of cases the mvasion of small amounts of
germs capable of multiplication The defense mechamsm of the orgamsm
18 phylogenetically mobilized 1n d with this form of disease

The accelerated reactivity 13 the permanent advantage the orgamsm has
acquired by having overcome the first disease

1 diately after the te of the disease the orgamsm 1s 1n the
stage of free antibodies m consequence of which we observe the immediate
reactivity and hypersensitiviness

This phase has only a mted duration The free antibodies disap
but 1n spite of 1t the individual 1s immune But the essence of this immunity
does not lie anymore 1o the immediate reaction against the mfectious germ
but m an accel d reprod of antibod

Thereby the orgamsm 1s placed m a position to wall off the reinfection
more quickly, to localze 1t, as we were best able to retognize 1t s the result

of revaccmation
This ability to localize o repeated mfection does not rest on the presence
. 2

one 50 perhaps there also exst other kinds of cellular immuruty  wasser
mann’s cbservations about the adaptation of the tissue toa sym,bm?;s with
ongmatly path without a d bl reac
tion pomnt to a dhfferent form of immumity based on a Iach of sensmvenz
Many disesses, as vanola, measles, varicella rubella are character:
by thefact that one triumph over an attack of the disease grants a more :n-
Yess cerfain protection for 1fe They have the common climeal peCuh?r:) n}"
that after an meubation time that 18 long regular and ndependeat fr
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the virulence of the meiting germ, the duration of the digease 1s very much
lmuted in time

If the organism does not succumb to the disease, so 1t has completely
conquered the infectious agens The latter no longer carrtes any danger
for the orgamsm

The nature of climeal immunuty for this group of diseases, as thetr para
digma we regard the vacemation, does not consist of an acquired 1nsensi-
bilty towards the mfectious germ, but i the abtity of an accelerated
reaction

With our studies, we endeavored to revive mterest 1n serum sichness and
we believe to have shown that thus disease has great unportance, not only
from a chinical viewpownt but also from the standpownt of general pathology
serum sichness s the best paradigma for a disease due lo an organic eause
tohch 13 unable lo multiply, and 18 an exquisile object for the study_ "of the
changes going on in the system
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