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INTRODUCTION

This investigation upon the quantitative verietions of
the complement in the serum of patients suffering from var-
ious acute infectious diseases has been carried out during
the past year in the laboratory of Ruchill Hospital. It
has been suggested by the grest importance of as full a
knowledge as possible of 8ll the immunity phenomena existing
in such diseases, and by the possibility that the observa-
tions made might bring to light something that would be>of
practical value in treatment.

Such substences as toxins, antitoxins, agglutinins,
immune-bodies, and opsonins have all received considerable
attehtion, and the litersture on all is very sbundant. Mod-
ern treatment turns largely upon the practical application
of the knowledge acquired about these, but it cen be said
thet the success of the antitoxin treatment of diphtheria
has not been repeated. All are aware of the comparative
failure of many anti-bacterial sera. It is also known that
such sera when administered under certain cirocumstances seem
to be harmful.

As far as can be ascertained by the writer, the liter-
_ature upon investigetions of the serum complement, made

throughout the whole course of acute infectious diseases, is
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soanty. Longoope(l) has described the behaviour of the
bacteriolytic complement in the terminal infeotions of some
chronic diseases, using the becteriolytic effect of the
serum of these ceses on the bacillus typhosus and bacillus
coli, as an.indirect meassure of the total bacteriolytic com-
plement content. The same observer also estimated the bac-
teriolytioc properties of the blood of three cases of enteric
fever against the bacillus typhosus, but this was not done
throughout the whole course of the disease. 1In the present
investigation the variation of the complement has been fol-
lowed up as far as the opportunities of the writer have per-
mitted.

In dealing with patiente certain difficulties necessar-
ily arise. There are times when to disturb them unnecessar-
11y ie to their disadvantage, and the result is that many
gaps ocour in the work; but in all a very large number of
observations heve been made, and the lacunae in one case may
be filled up from the whole course of snother case if the
observations made at various times show a genersl concord-
ance. In this pesper the facts and theories concerning com-
plement are specially considered in their reletion to the
phenomena observed in the specific infeotious diseases, and

the different points sre discussed in the following order:-

(1) The different conceptions of complement

(2) The methods by which the smount of complement in
the blood has been investigated



(3) A esonsideration of some special pointe.

(A) Complement and age

(B) Complement in the individual

(6) The amount of credence to be attached to
the experimentsl results

(4) An Account snd & Discussion of the results of the
investigations in:-

Sections A Enteric Fever

B Erysipelas

¢ Diphtheria

L Bcarlet Fever

E Measles

F Typhus fever and Lobar Pneumonis
(5) Note on the serum treatment of cerebro-spinal

meningitis.

Appendix

In this are included 2 brief sccount of the elinical
aspects of the cases investigated, with tables of the numer-
ical resulte of the observations, and charts illustrating
the course of the osses snd the veriastions of the serum com-
plement at the time of the different observuations. The
numbering of the Charts corresponds to that of the Cases
given in the text. They are arranged in the order in which
the diseases sre discussed.

The Charts, for convenience, have been bound in a sep-

arate volume.
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DIFFERENT CONCEPTIONS OF COMPLEMENT

- e s N ;.

- A8 is well known, there are two classes of substances
concerned in the production of immunity in &n organism. One
of these, the immune body, is definitely recognised by all
authorities as being specific. The other is of a much less
definite character and has been termed the complement or

alexin by different observers.

The presence of this substance is absolutely essential
to the production of immunity; but with regard to its spec-
1ficity some difference of opinion exists.

Muir and Browning(z)define complement as, that labile
gubstance of normal serum which is taken up by the combina-

tion of an antigen and its enti-substance.

Bordet{s)as is well known, believes in the functionel

unity of complement or alexin.

Ehrliehs4)as is also well known, believes in & plural-

istic conception of complement.

By adopting approprisate experimental conditions he demon-
strated the presence of at least five different kinds of com-

plement in the serum of the goat, heating goat's éerum, which



is normally haemolytic to guinea pigs' &and rabbits' red
corpuscles, with papein, soda solution, and heat, he found
that each of these methods had the power of altering only

certain of the odmpleﬁents, leaving the others intact.

Further absorption methods led to the conclusion that
this difference did not depend only on & variety of zymo-
toxic groups in each complement, but that also the hapto-

phore grbup differed with each type.

Muir and Browning(s)have demonstrated that this dif-
ferenoe in the molecules of complement exists and that it
depends upon & number of gradations in their affinities and
action; but thaf there is aslso a certain community in the ;
ocombining relationships of the complement molecules. As far
as combining affinity of the different complement molecules
is concerned, it is rather one of degree than of quality,
because 1f sufficient becteria be used along with & suitable
immune body in the presence of fresh serum, the haemolytic
as well as the bacteriolytic or bacteriophilic complement

ie absorbed in the reaction.

In 81l diseasses, especially acute infectious diseases,
it may be assumed as probable, that at the most active stage
of the disesse the number of organisms present in the body

fulfils the sbove conditions, and that such different types
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of oomplement as exist, may be used up by the antigen and

its specific immune body in establishing immunity.

0f the adoption of the haemolytic test, in vitro, as
e means of estimating the total complement-content of the
gerum of patients suffering from acute diseases, the orit-
joism might be made that only the haemolytic portion is es--
timated in the resction, were it not that, as has just been
mentioned, bacteriolytic and haemolytic complements display
s common &ction in the presence of sufficient antigen. This
condition, with reference to the bacteriolytic complement,

alwaye exists in the test tube experiments.

The haemolytic properties of the serum may therefore be

teken as a measure of the total complement-content.

P e Rt B
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METHOD BY WHICH THE SERUM HAS BEEN INVESTIGATED

- e o -

The haemolytic effect of fresh serum from patients
upon ox corpuscles in the presence of a suitable immune
body (rabbit ¥ ox), has been used as an idex of the amount

of oomplement present.

THE PATIENT'S SERUM

The blood of the patients was withdrawn from one of the
veins in front of the elbow by means of & 10 c.o. serum
syringe fitted with a suitable needle. After the skin had
been sterilized the veins were rendered turgid by the appli-
cation of an elastic bandage round the upper arm, and the
most prominent vein selected. In many of the young patients
this could be felt but not seen; no great difficulty, how-

ever, was experienced in obtaining sufficient blood.

From 8 ¢.c. to 10 g.c. supplied the necessary amount
of serum for esch examinstion, namely 4 o.c. to 5 c.c.
This restricted the total number of examinations which could

be made in each case.

To prevent any accidental haemolyeis, the syringe,

needles, and test tubes for receiving the blood were &all



taken out of sterile .85% saline solution. The blood was
allowed to stand for several hours, usually eix; 8t the temp-
ersture of the laboratory and the serum pipetfed off. The
latter was then centrifugelized to cleer it completely of
red corpuscles, as the presence of even & small quantity of
the latter obscures the reading, since they are not lysed

during the test.

In practically every case the estimation of the
haemolytic power of the serum was made on the day upon which

the blood was withdrawn from the patient.

The specimens of blood were taken before the mid-day
meal, and in this way the serum was obtained clear or nearly
g0 in most cases, but when this was not possible, and the
gerum was opalescent or turbid from the presence of chyle,
the reeding of the result did not appear to be materially
affeoted, us the complete stage of haemolysis could readily
be seen in spite of the cloudiness of the solution. 1In

moet cases however the serum wes obtained ouite clear.

0X CORPUSCLES

0x corpuscles were used throughout as the antigen, and
a fresh supply of defibrinated ox blood was procured from

the slaughter-house twice weekly. The writer has not in-
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vestigated the possibility of different samples of ox cor-
puscles being more readily lysed than others under the same
conditions. The ox blood which has been used during the
course of this work was obtained from 8 receptacle in which
the defibrinated blood of several animals had been pooled,
and if s difference in susceptibility to the haemolytic
action of humen sera does exist, this has probably been re-

duced to a minimum by the mixing.

IMMUNE BODY
The method sdopted in the production of & suitable im-
mune-body and the estimation of its dosage was that advised

by Muir(e}

Rebbite were inoculated intraperitoneally with injec-

tions of 5 e¢.0., 10 ¢.0., and 15 c.c. of washed ox corpuscles,

with an interval of ten days between each inoculation. The
corpuscles which were obtuined aseptically from the ox were
washed three times by centrifugalizing with .85% sterile

saline sblution before the rabbits were inoculated.

In this way the animals ylelded serum containing e
large smount of immune-body ten days after the last injec-

tion. This was stored in sesled quill tubes with & capacity
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of 1 c.c. These were sterilized and the complement destroy-
ed by heating on three consecutive daye to 57° C. for one
hour. At the end of six days the minimum haemolytic dose
of the immune serum was estimated, using as complement
guinea pig's serum which had been treated first with ox cor-
puscles for two hours in an ice chamber to remove the nat-

ural immune-body.

The minimum dose of the several haemolytic sera used
throughout this work was .00l ¢.o. for 1 c.e. of & 6% sus-

pension of ox corpuscles in .85% saline solution.

TECHNIQUE

B ]

All the test tubes and pipettes used were taken from

saline solution.

A B% suepension of washed ox corpuscles in .85% saline

solution was used in agll the tests.

The red corpuscles in 5 o.c. of defibrinated ox blood
were washed three times by centrifugalizing, and sufficient
saline solution added to the corpuscles obtained to make up
a8 bulk of 100 c.c.

To esch cubic centimeter of this suspension five times
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the minimum haémolytic dose of the immune-body (rabbit v
ox) was added to sensitize the corpuscles, and the mixture
was placed in the imoubator at 37° C. for thirty minutes or

more before use.

It was found, owing to the considerable differences in
the heemolytic power of the various fresh sera, that a ser-
ies of twenty-four test tubes was necessary for each exam-

ination.

Into each of a series of test tubes 1 c.c. of this sen-
sitized suspenaion of ox corpusoles‘was measured, and the
following quentities of the patient's serum were then added,
namely: -

.02, .04, .06, .08, .09, .10 .11, .12, .13, .14, .15,
.16, .17, .18, .19, .20 .21, .22, .23, .24, .25, .26, .27,

.28 c.c. respectively.

In the case of sers which were found to be very inac-

tive the quantities were suitably modified.

After the addition of this complement containing serum
the test tubes were placed in an incubstor at 37° ¢. for one
hour, being shuken at intervals of fifteen minutes. The
reading was then taken. At first & second reading wes also
teken next day, but as the differences between the two were

emell this was discontinued. The hour limit was sdopted
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throughout,

The complement content of the serum was determined by
the presence of complete haemolysie, &8s indicated by the &b-

solute disappesrance of turbidity.

As & source of error the presence of & natural immune-
body in humen serum sgainst ox corpuscles was investigated.

Fumerous estimstions were made of the natural haemolytic
power of fresh humen serum, &nd this was always found to be

relatively slight.

For example the following tests may be quoted. In or-
der that the conditions might be compsrsble eleven specimens
of blood takén on the same day were examined, some of which
were known to be rich in haemolytic complement as tpsted

with the seneitized ox corpuscles.
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The degree of haemolysis which was observed in all,

éven with the thres most sctive sera, was very far below

‘what econstituted a complete result in the estimations re-

corded in this paper.

In sbout thirty other examples similarly examiﬁad the
result was the same. The amount of natural immune-bddy
found was so0 small that the removal of 1t from the seré by
previous treatment at 0° ¢. with fresh ox corpuscles was

not considered necessary.

It has not been possible, because of the rate of de-
terioration of the complement, to store all the samples of
serum obtained from the patients during the whole period of
111ness when the estimations were being made, in order that
8ll might be tested under exactly the ssme conditions; but
the precautions observed, namely the time of collection and
examination of the blood, the conetant amount of immune-body
used for sensitizing the ox corpuscles, the fact thet the ox
corpuscles were from several animels, and the fixed period
of incubation for the test series, tend to & uniformity of
results. Sometimes in certzin cases of diphtheria, when es-
timations of the amount of complcment p;esent in the serum
before and after the administration of sntitoxin-serum were
made, it was necesssry to keep the first specimen of blood

overnight i1f the patient arrived late in the day, and there
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may have been some felling off in the amount of complement
by the time it was tested next day, although estimation of
guinea pig's complement under the same conditioms does not
show any marked deterioration during the first twentyfour
houre.

This is shown by the results in Table II.

TABLE 1II

- i a> Y G - . S W NN W P wm A G B M G0 b n WP S e G e B W WP e G M R A SR D e WS W BS G SR SN R M SR R e S S GRS R WS S S D SR e A A S e

- D wn = Mm-S W v ST WA W e e G O e A e P e e R e S Wk e G R S Y W G N S W A4 W WA B A SR 4a < e W e o8

Serun (a) .01%5 ec. .016 cc. .02 ce. .025 ce. .035 ce. .08 ec. .3 cc.

" (b) .016 " .02 ™ .04 " .O7 " .17 " - -

" (¢) .05 " .,015 " .02 " .08 " .04 " .08 " .35"
" (4) .015 * .08 " .02 " .03 " ,03 " .07 " .1 "
" (e) .06 " .02 " .0e5" .035 " .05 " .09 " .3 *

-, o e o . e B W W W S WS W A WS SR e YN G W WD v e M M S e WP Wn R R TR G e A S P MR TR A FE e R W G R e dm SR W A WP e s e AR e A AT e e

1 ¢.c. sensitized ox blood used. The quantities of serum
represent the minimum haemolytiec dose én the different
deys after the serum was obtained

METHOD OF RECORDIEG THE RESULTS

- e g e

26 In teking the observations the smount of serum required

to effect complete haemolysis was recorded, but as this 1is
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evidently proportional to the reciprocal of the amount of
complement contained in the serum, the results as cherted

have been oaloulatéd on the latter basis.

Thue 1f two sers be teken and if of one the amount re-
quired to produce complets heemolysis is .2 ¢.c. and of the
other .05 o.c., then the amounts of complement presenﬁ in
the two sera ég% evidently in the proportion of 5 to 20.
The reciprocal for each amount of serum used hes been cal-

culated.

A scsle of these reciprocal proportions is given in the
vertiocal column on the left margin of eech chert. All the
points on the charts obtained from the observations &are
joined, to give & rough idea of the course of what may be
cslled the complement curve. In this way the fluctuations
Prom time to time in the quantity of gvailable haemolytic

complement precent throughout the period of illness and of

convelescence, in each case where continuous examinations

have been poesible, can be easily followed.

The charts also contszin & record of most of the salient
features of each case, especially temperature, ocomplicetions,

pulse and respiratioms.

- - . e -
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COMPLEMERT 1IN BORMAL SERUM
As 8 standard of comparison between the amount of com-
plement in the serum in health and diseese, about forty ex-

sminations were made by the methods described.

In the first place the writer's serum was examined for
deily vuariations in relation to meels, and the following

resulte were obtained.

TABLE 111

- - -

-—.—.-,p‘-....a-—_-_-—-»—--.n-.-.-.-—o--..—--———-—-—-..—....--..—_---.-—‘-_—a-——--——

Complete haemolysis Reciprocal for

Hour produced by Complement
10 a.m.
Serum clear : .25 ¢.0. 4.00
l p.m. : ’ |
Serum opalesgent 23 " , 4.34
5.30 p.m./ _ |
Serum Turbid .23 " 4.34
8.30 p.m.
Serum Turbid 23 " 4.34
———————————————————————————— ﬁ—“—‘-—“---—‘-w—'——‘—ﬂ-b-—r—o-————'——n

It was not possible to make a similar investigation of
the hsemolytic power of the complement in any other indiv-

1duel's serum, as from 8-10 c¢.c. of blood were required to
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furnish sufficient serum for each examination.

From the results obtained (Table III) it seems reason-
able to infer that variations in the amount of complement in
the serum from hour to hour are not merked, nor does the
presence of the products of sbsorption of meuls appear to
influence to any great extent the complement velue, nor tur-
bidity of the serum from this cause to interfere with the

reading of results.

On another occasion the writer examined hie serum at
intervele of two days throughout & period of six days, with

the following results:-

PABLE 1V

- - oy -

- . - P ey W WS W G M e e WS A e G e W e S W PP M S G G AP e W G WS e G S R R A R we W e WM e R G S W an e e

Reciproceal
representing
Complement

T e O i R R g

1st examination .23 o.c. prod. complete haemol. 4.34

2nd " .18 " " " " ' 5.556
3rd " 23 " " " ! 4.34

- e . B - R A S e A . S P N A s MG SV B e e e M e B e M TS e ek SR W we WA R s W AR GE M W RS AR G S W M S eSS e s 88

Again & faeirly uniform result was obtained. 1In this
instance the variation, though somewhat marked, is much
smeller than that observed during the course of some acute

disesses.
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34 Similsr examinations were made of the serum of some
heelthy sdults and of others who had been long convalescent.
The resulte are’given in the following table.

TABLE V
"""""" Hoslthy Adults  Convalescents
Cuse s. Complement Case g. Complement
1 (e) .18 c.6. (8) 5.56 1 .24 o.c. 4.16
(b) .27 " (b) 5.88
2 A7 " 5.88 2 A9 " 5.26
3 8 " 5.55 4 .18 " 5.55
4 L3 M 4.34 b L2 " 4.54
B .28 " 3.57 6 .28 " 3.57
6 .20 " 5.00 7 (a) .20 " (a) 5.00
{(p) .20 " (v) 5.00
7 .30 " 3.33 8 .20 " 5.00
8 (a) .22 ¢ (a) 4.54 '
(b) .28 " (b) 3.87 9 20 " 5.00
9 21 " 4.76 10 .20 " 5.00
10 7 " 5.88
11 .18 " 5.55
12 21" 4.76

——.—-—-_-----_—------—-o—-_.—-—-—-.—-———-——-:nu-—.———--——--—-——_o————-——--—

S = Amount of Serum required to produce complete haemolysis of 1 ¢.c.
sensitized ox corpuscles

Complement = Represented by the reciproocgl of the amount of serum
required to produce complete haemolysis of the test amount
of sensitized ox corpuscles

FOTE: In 8ll other tables the letter S and the word Complement
have trie meaning
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It is clear from these results that the amount of fresh
normal serum which is capable of completely haemolysing 1 c.c.
of sensitized ox corpuscles in one hbur varied between .17 c.c.
and .28 o.0., giving complement figures between 5.88 and
3.57 units.

The mean of &ll the oomplément figures obtained from
these}examiﬁations of the serum of healthy adults and con-
velescents ie 4.84, and in subsequent sections this is re-

ferred to se the normal sverage amount of complement.

N

xAttention 1s drawn in this connection to the average values
in the amount of complement obtained in the different
diseases a8t the end of convalescence. Table IX. These
results are in close acoord with the value given here '
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CONSIDERATION OF SOME SPECIAL POIRTS

- e o - - -

A COMPLEMENT AND AGE

- .- -

In the sections which follow desling with the acute in-
fPeotious disesses in which investigations have been made
it 1is to be noted thet various ages are represented. The
influence of the lutter upon the quantity of complement
present in the serum, and upon the variations in its amount
during the course of disease, has consequently to be con-

eidered.
The figures which have been chosen as most likely to

throw 1ight upon this point are those representing the
greatest amount of complement preéent during the acute
stage of the various diseases, and the amount present to-
werds the end of convalescence. The latter may be taken as

probgbly approaching most nesrly the normal of each.

These figures are given in the acocompenying teble.

- - S o o b
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TABLE VI

- an

Greatest number of aom-
plement units observed
during the acute stage
of 1llness

The number of comple-
ment units present
at the time of the
final observation in
gconvalesacence

- > > - - e e Gk W G W U mA G NN G WP S G WS e me R S P WP W W MR A S S MR M G W A WY SR e NP AR W e S R S AR R e s v e o e e e

13 yeers

16
15
16
19
20
20
2l
22
23
23
24
26
25
27
28
31
32
33

"

"

"

n

"

"

(1) ENTERIC FEVER

16.66

- 10.00
6.66
12.50
12.42
6.66
£8.00
6.66
9.09
16.66
8.33
10.00
5.26
82,28
5.00

- 8.33
20.00
6.66
11.76

6.26
3.57
4.64
5.88
7.14
3.57
65.00
§.12
5.40
.26
3.57
5.26
4.54
4.76
16.66
3.57
3.70
4.00
4.16
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Greatest number of com- The number of comple-
' .plement units observed ment units present
Age of Patient = during the acute stage at the time of the
- of illness final observation in
convalesacenace

(1) ENTERIC FEVER (Contd.)

33 years 5.00 3.67
36 " ’ '12;50 4.54
35 v - 7.69 3.57
36 " 10.00 4.00

62 " - 6,26 11.11

(2) ERYSIPELAS

16 years 769 4.34
go " 14,28 6.55
25 " 7 B.3B3 | | 4.00
26 12.50 £.94
g6 " 6.55 557
g9 n 9.09 4.16
30 " 8.2 1.4
EIR L11.11 4.34
g3 "  6.26 £2.85

40 " : 8,35 ' . 8.33

40 " 8.33 ~ 4.34
43 " 5.26 3.57
45 " 8.69 6.66

45 " 3.70 6.25
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46 years
48 "
50 "
51 "
68 "
68 "
69 Lo
70 " ¢

5 yearse
6 "
7w

n om

g
0 "
13 "
1 "
16 "

26 "

— . o - - - v . o " B A G P W G MO BB G NP G Gl 4 S Ge G e W 0 . W S M wh A e WD s e v

Greatest number of com-~
plement unite observed
during the aocute stage
of 1llness

The number of comple-
ment unite present
at the time of the
-final observations
in convalegsence

. o WS G e G s W G Y WS gy N R T e G ) e MR LS e W P R dee G Wy G NG ey e -

(8) ERYSIPELAS (Contd.)

7.69 7.14
8.33 5.56
11.76 §.00
16.66 4.76
6.28: 7.14
6.25 10.00
5.66 6.86
9.09 8,33
(3) DIPHTHERIA
2.17 3.5%
6.66 8.33
16.66 4.00
769 4.54
5.88 2.68
0.00° 0.00
10.00’ 3.84
4.00 7.14
7.69 4.00
4.00 3.03
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Greatest number of com- The number of comple-
plement units observed ment unite present
Age of Patient during the aoute staege at the time of the
of illness final observation in
convalessence
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(3) DIPHTHERIA (Contd.)

29 years 10.00 3.22
31 " 8.00 4.76
33 v ' 16 .66 6.66

(4) SCARLET FEVER

8 years 5.00 4.00
6 4.54  5.00
6 " 3,70 B 5.00
7oom 4.34 3,87
g " 3.70 - 4.76
g v 4.16 2.94
9 " ‘ - 8,33 o 4.76
10 " 6.81 3.17
10 " 4.34 | 7,14
1 " < 7.09 5.00
24 " | 3,67 6.21
gy " 10.00 | - 8.33

a3 " .28 | " 8.33

- - n e -
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o Greatest number of com- The number of comple-
‘ : plement unite observed ment unites present
Age of Patient ~ during the acute stage at the time of the
' ~0f 1l1lness final observation

in convelescence
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(5) MEASLES

18 years 3.57 3,57
19 " 7.69 : 5.88
20 " - 12.50 5.56
26 " I . 5.88 | 3,57
28 " " 4.65 | "~ B.26

30 " 6.25 | . 6.25
(6) TYPHUS FEVER
22 years 7.14 8,33

g3 " , . 4.54 6.66

(7) LOBAR PNEUMONIA

13 years i ~ B.ss 3.84
156 " . 12.560 T 4.76
29 " 4.76 3.57
g " 7.14 4.76
4 1t mey be stated, from a ocareful analysis of these

figures both by inspection and by the calculation of the
correlation coefficient, that no definite relation has been

found to exist between age and the amount of complement ob-
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served st any of the periods selected except in two in-
stances. This is illustrated in the subjoined table in which

the means in certain age groupe are given.

TABLE VIIX
The mean of the great- The mean of the
est amount of comple- gmount of com-
Age Period Number of ment present during plement present
Cases the acute stage of during conval-
illness esfience

- . - o aR - . . o G o M M U WY B S W T S W AN M G SIS WE M e G R T S e R e W Y G e VS A OW G kb E AR W e D e on T S M W

| (1) ENTERIC FEVER
13-21 years 8 12.0 units 5.0 units

28-28 " 8 10.6 " 6.1 "
28.62 8 9.9 m 4.8 "

(2) ERYSIPELAS

16-31 years 8 9.3 units 4.5 units
33-48 " 8 7.0 " 6.6 "
50-70 " 6 9.2 " 6.7 "
5 In the acute cases of enteric fever a steady decline

with sdvancing years in the average highest amount of com-
plement is observed, but the difference is not sufficient to
gllow & conclusion to be drewn, end when it is taken in con-
junction with the fact that the opposite varietion is ob-

served during convalescence after erysipelas, 1t is probable
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that both ocen be explained by the ordinary theory of er-

rors.*

B COMPLEMENT IN THE IKDIVIDUAL

Table VI &lso shows that here are very oonsidersble
differences in the amount of complement preeent in the in-
dividuals examined, both in the acute stage of the illness
and in convelescence. An analysis of the complete observa-
tions shows much the seme result. These differences are
much more marked in the acute stege of the fever. Like
differences of varying degrees exist during convalescence,
yet the majority of the figures are fairly close together
and show much less variation from the mesn. There has been
found in some cases however, a very considerable departure
from this, both in excess and defiecit, but the number of in-
dividuals showing & large deperture from the mean form only
g small proportion of the wholef In determining the meaning
of the observetione each cese must therefore be taken to af-
ford its own criterion. In some, in which & small amount

of complement was found during the course of the illness, a

— - 4 o o 1on - - G AR o W S D N O M e G W S e s e A e MW A% W we e N e G T N am R R em T A e e S R AR o S R S S

g(Thca correlation coefficients and also the probable errors
referred to in this section were kindly evaluated by Dr

Brownlee
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like deficiency continued during convalescence; in others

the amount was large throughout.

7 Illustrative cases of each of these may be given here.

. TABLE VIII
Greatest smount of comple- Amount of complement
Disease ment during fever in convalescence

- e - o ou o - . . - n W G GO S N G Y W G WP G G W S AR SR W Wb S R W Y B WS M SR A e AR WA VR N TR o e R S S e el R b e e

Enteric Fever

Case 16 12.42 units 7.14
Scarlet fever

Case 10 -10.00 " ' 8.33
Diphtheria

case 17 .2.17 " 3.33
Diphtheria '

Case 1B 0.00 L 0.00

- P e o e W We G W We s M A e SR W S D G P SR A D G Y TS WD S M G R U s M S Gub e v

— B - -

Experimental Error:

8 Blood corpuscles vary in their susceptibility to 1ysis.
Smsll veristions take place in the activity of the immune-
body from day to day. The room temperature, the rate of
menipulation, end the temperature of incubation, are not al-

weys precisely the same. Yet a consideration of the obser-
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vations made from day to day suggests that the experimentsl
error in the present investigation is rarely more than two
complement units in the region of the mean value; that is
to say, that thé mean valune five will very ra:ely he read
8 high 88 seven or as low as three. 0f course, when the
serum is very actively haemolytic and only a very small
quantity is required to produce complete haemolysis, the
error in this is considersble, and in the region of ten
complement units may perhaps amount to plus or minus three,
though these are probtbly extreme values. 1In like manner
the experimental error of the smell numbers will have a much
less degrec of varistion. When means, however, come to be
ecalouleted, these errors tend to cencel one another, and the
error of the mesns of & number of observations 1is very much

less thean the‘error of esch individusl examination.

A tsble, Teble IX, is ‘here given showing the mean
vulues of the two sets of observations already given in

Table VI.

- W o . o - -
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TABLE IX

- -y . o -

Hean greateet amount Mean amount of

Number of complement ob- complement present
Disease of served during the at the end of
Cases scute stage sonvalescence
Enteric Fever 24 l0.88 * .73 5.31 * .39
Erysipelas 22 8.156 * .Bl 5.28 .26
Diphtherisa 13 6.98 4.26
Scarlet Fever 13 5.49 5.28
Veasles | 6 6.76 5.01
Typhus Fever 2 5.84 7.50
Lobsr Pneumonia 4 7.57 4.23
All Diseases 84 ~ 5.1

- -

10
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Probable Error:

The probsble errors of these meens have been csalculated
for enterioc fever and erysipelas. As a general rule three
times the probable error is takén as the stendard of signif-
jcant difference between observations. In the case of en-
teric fever the difference is more than seven times the
probable error, and in the case of erysipelss more than
five times, so thet these differences are far beyond those
which wight be assumed as due either to experimental error,

or to the érror due to rendom selection. The observations
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therefore may be taken to be of sufficlent number and suf-
ficiently acourate to juatify the validity of the discussion
which follows.
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SECTION A -~ ENTERIC PFEVER

- - - . -

This disecse seems to afford very favourable opportun-
ities for the study of the variations in the emount of the
serum complement, and the correlation of such with the clin-

ical eppearsnces illustrated by the different types of case.

The severity or mildness of the attack, the prolonged
pature of the fever, the occurrence of relapses and other
complications, such as thrombosis &nd pneumonia, are &ll re-
flections more or less of the working of the immunizing

machinery in combating the typhoid bacillus and its products.

It msy reszsonebly be inferred teat immune-body is prob-
sbly smaller in smount when prostration end toxaemia zre
most marked than when recovery is tsking plece. This, as
is well known, csnnot be measured by the agglutinating power
of a typhoid serum, becsuuse agglutination may be well marked

during the worst period of the dieseame or even prior to death.

Agglutinin alone does not bring sbout the establishment
of immunity in Enteric Fever, for an orgeniem maey show most

evident clumping end yet retain its virulence unimpaired.(7)

Specific immune-body or bodies requiring the presence
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of complement are necessery for the complete destruction of
the typhoid beecillus. Tﬁe more immune-body present the
greater will bé the amount of complement réquired in order
that the former mey be uséd té greetest advantage. The
presence of the infecting zgent in the body stimulates the
production of both entibody and complement, but the reesponse
in each csse is not the ssme. The intermedisry body &nd

oomplement are independent of one another.

Immune body teems to be more slowly produced, &s is de-
monstrated indirectly by the results which have been ob-
teined throughout this investigation. Almost invariably
there is sbundance of available compliment early in the
course of the fever, when the clinicel appearances of the
patient, the symptoms and the temperature negutive the pres-
ence of & sufficient emount of immune-body. The latter seems
to be produced later, and its appearance to be coincident
with & reduction in the complement content. Feilure of com-
plement production in the scute stage of favourable cases

does not seem to be common.

When compered with the normal average, complement in the
soute stuge of enteric fever is greater in amount. The in-
creaese is varisble, but is slmost uniformly present. Thus

during the period of pyrexie in thie disesase sera’have fre-
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guently been obtained of which an amount of .12 e¢.s., .11l c.o.,
.l:6.c. or less produced complete haemolyeis of the test
amount of sensitized ox ocorpuscles, where at least twice the

amount of normal serum wes required.

In & favoursble cuse, when the infection is being suc-
cessfully overcome &s shown by the improvement in the pa-
tient's general condition, complement decreasges in amount
(Charts I, II and III). This suggests that when immune body
is produced the complement is being fixed, and so there is
less availsble for the haemolytic test. As already remarked,
though complement may be diverse in charsacter, yet it is
none the less true that the fall in the amount of comple-
ment is probably explained by the appearance of immune-

bodies.

The presence of much complement in & serum during the
acute stage of the discase may mean that there is an insuf-
ficient emount of immune-body present in the orgsniem 2t

that time.

Again in mild cases the immunity factors seem to be
more equally balanced during the greater part of the ill-
ness. An early production of immune-body sufficilent to
mitigete the symptoms, but not great enough to end the at-

tack mey by continually fixing the complement asccount for a
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comparatively small amount of the lstter in the serum. On
the other hand a low complement content may huve quite &
different meaning. It may mean that along with & slow rate
or &bsence of production of immune-body, complement may be
eimilsrly affected, or only a weak complement msy be pres-
ent. Such a condition might be expected in some patients
who &re extremely ill, or it might account for some of the

prolonged severe attecks of enteric fever.

W¥hen the disease ie proceeding to & fatal issue every-
thing points to feilure in the production of immune-bodies.
Two possibilities suggest themselves; either & grest de-
ficiency of both immune-body and complement existe, or a de-
ficiency of immune-body, eesocisted with even an excess of
complement, may give rice to the came result. Such var-
iations of the complemeni have been observed. In this com-
nection &n ¢ld observstion made by Bordet and Gengou(a)
that desth can hardly be due to defect of the alexin, may
be cited. These guthorities found thet B. pestis, B. typh-
osus snd B. proteris vulgaris did not sbsort complement to
any great extent except in the presence of & suitsble im-
mune-body, and the organisme had to be abundant to do so.
Consequently in petients euffering from en invesion of path-
ogenic organisms, even supposing proteetion by complement to

be the essentiel feotor in immunieation. death would not be

due to a lack of complement, but rather to an insufficiency
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of immune-body to utilize or absorb it.

Relapses in enteric fever aré comparatively frequent,
end very markedly in severity. In genersl the relapse is
milder then the primary sttnck, although if the primary at-
taock be mild & scvere relspse may follow. It is obviouse then
that the immunity estublished during snd after the primary
atteck is insufficient in these csses. It would seem that
virulent bacterie remain, to again multiply when the immune
substances heve become =xhasucted :nd i1 is to be expected
that complement sné immune-body will beheve in & similar
menner, to that cecn in the primary ctige of the diseuse

How far theee more or less theoreticel views are sub-

stantiated will be discussed in the following review.

Forty cases of enteric fever were investigated. In
thirty-two of these, examinations of the serum Wwere made at
varying intervels throughout the period during which the

patiehts were in hoepital.

In the remaining eight ceses the complement estimations
were unavoidably interrunted, but the results are included
because they afford confirmétion of what has been found
generally in the study of the disease[‘

The cases are divided into the following groups:-

(2) Uncomplicated cases
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(b) Ceses complicated with relapses, thrombosis, and
secondary infections

(o) Fatal cases

e e

Olinically the patients in this group resembled one
another in that the appearances of enteric fever as mani-
fested by a2ll were typical; marked differences in the de-

gree of illness however existed.

The dimgnosis in each caese was made from the clinicel
evidences, snd corroborated by the Widel rezotion, while in
many cases the bacillus typhosus was isolated from the blood,

faeces, or urine.

It will make for en easier understanding of the matter
1f the variations in the smount of complement are described
in reference to & special case which seems to supply the

typeo.
Ccase I, Chert I, fulfils this condition.

This pat?ent wes edmitted to hospitsl on the eighth day
of illness, suffering from & severe sttack of enteric fever.
The temperature remained constantly about 102° F. until the
twentieth day of 1llness, when it became remittent, reaching

pormsl on the twenty-secventh dey. The patient was markedly
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prostrete. Improvement began when the temperature became re-
mittent. Convalescence was uninterrupted. The complement,
or that smount of it estimated by the heemolytic test, was
found to be most abundant during the period of fever. What

" changes may have taken place during the intervals between

the exsminetions cannot of course be stated, but the general
course of the curve shows that there wes & steady decline in
the amount from the end of the period of pyrezia until short-

ly before the patient was dismissed well.

'sixteen cases, including that just recorded (Ceses and
Cherte I to XVI) show the same phenomenon.' It seems from
this reasonsble to draw the conclusion that the immune-body
was lacking during the period of fever. Ae soon a8 this
was produced in sufficient gquentity, es evidenced by the
course of the fever, the complement content diminished in

amount .

The complement curves in the various cases however do
not agree in ell partioculars. The diminution in the amount
of complement did not always happen at the ssme period. It
occurred sometimes &lmost immediately after the temperature
became normel, in two cases (Cases and Charts V and XVI).

In three cases the diminution was most apparent a week after
the disappesrance of the fever (cases and Charts II, IV and

xv)
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In six cases the diminution was most marked at the end
of the second week (Cases and Charte I, III, VI, VII, X and
XI); in two (Cases and Cherts VIII and XIV), at the end of
the third week, and in the remaining three (Ceses and Charts
IX, XII, and XIII) sbout the end of the fourth or fifth

weeks. This is more clearly secn from the subjoined table:-

TABLE ¥F
Approximate period at which Approximete period at which
diminution in complement Case diminution in complement
was observed was ohcerved
End of fever 7 14 days after end of fever
" ki [1] 1 0 " " ” 17
9 deys after end of fever 11 18 " " " n
n w 1 " 1" 8 21 n " i n
" " " : " n 14 2 z ” " ” "
16 w" 4] 1] ” 9 » 2 8 ” " " ]
" " " " 1" 12 2 8 ” " L 3]
1 8 " " n " 15 3 4 " n n "

These figures are only approximete, as the intervels
at which the examinations of the serum were carried out

varied in length. There ie sufficient verietion however to

show that the completion of immunity does not teke place at
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any fixed time. This 4s in eccordance with what 18 known
olinieslly regarding the appearance of the tongue during
oonvaleeéenea. end also with the manner in which typicsal
rose 8pots appesar withiﬁ the first fortnight after the temp-

erature is normal.
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The questions arise a&s to whether the mildneses or the
geverity of the ettack und the length of the fever have &ny
relation to the time at which the complement shows a diminu-

tion in amount.

THE RELATION BETWEEN THE TYPE OF ATTACK
AND THE PERIOD AT WHICH THE COMPLEMENT FALLS IN AMOUNT

In four moderately ill patients (Cases and Charts IV,
XV, XIV and XIII) the fsll in complement was most apparent
one week, one week, three weeks, and five_ﬁeeks, respective-
ly, after the temperature settled (Table ii?). In the other
twelve cases of this group, all of whom were acutely ill,
this occurred between the end of the fever and five weeks

afterwards.

No definite statement therefore can be made from this
anelysis as to the time at which complement 1is distinctly
diminished, and indireotly it follows that the period &t
which an optimum amcunt ofvimmune~body is present probeably

veries irrespective of the severity of the atteack.

BIMINUTION OF CO¥PLEMENT IN RELATION TO THE LENGTH OF THE FEVER

e5

- o - -

_The period of fever differed very markedly in the six-

teen csses which ere being considered. It will be seen from
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g
the Charts end Table ¥IT that between an sbortive attuck
lesting thirteen days (Case and Chart XV) and an attack
which was prolonged to the fifty-second day (Case and Chart
VIII) various periods of fever are represented.

In five csses {(Oases snd Charte XV, XVI, IV, V and II)
in which the fever lasted thirteen days, seventeen days,
three weeks, three weeke and four weeks respectively, &
marked fall in complement was observed either at the end of
the fever oi sometime during the firet week of convelescence.

In the other eleven cases, most of whom euffered from
& Pever lasting four weeks or more, the diminution in com-
plement, as far as is shown by the examinations made, oc-
curred st times varying between two snd four or perhups five

weeks after the temperuture h=xd subsided.

From thie observation it might be deduced that the
shortsr the period of the fever the earlier is a distinct
fall in the emount of complement noted, and the longer thev

fover the longer after its terminstion is complete immunity

estsblished.

THE QUAETITY OF THE COMPLEMERT DURING THE FEVER
I¥ RELATIOE TO THE SEVERITY OF THE ATTACK

- e - -

It will be seen from the Cherts of these sixtecn cuses

g} .
and also from Tsble ¥II that the greatest quentity of com-
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plement present during the pyréxia varied between 6 units

and 16.

The olinical hiatoriee of &1l those cases in which the
highest complement figure 1lies between 8 units and 16 show
that they were &ll scutely ill. 1In one, however (Case &nd
Chsrt VIII) who was extremely ill, snd a2t one period in the
typhoid state, the coumplement figure at ite highest was
only 7 units, which represents & comparatively inactive type
of serum, and this when tak%en in conjunction with the clin-
jeal fuots seems to indicate that in addition to & failure
or slow production of imrune-body, complement was similarly

affected, or that only e weak type of complement was present.

The four other cases (Cuses and Charts 1V, XIII, XIV
and XV) in whieh complement even when greatest in amount was
only between 7 units and 5, were sll moderately ill. The
low complement figure and the comparstive mildness of the
attaok in eaeh, ever slthough the fever was prolonged in one
of them (Case XIV) to thirty-nine days, seem to indicate
thet in these csses a considerable amount of immune-body was
produced fairly esrly in the fever, and was probably suf-
fioient to mitigaete the symptoms, but not great enough to
end the fever. In other words the immunity factors were

nearly balanced throughout the illness.
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From these observetions it would sppear thaet the quen-
tity of complement present in certain cases of enteric fever

‘beurs some relation to the type of illness.

IRREGULARITIES IN THT PRODUCTION OF THE COMPLEMENT

- - = -

Irregularity of the complement curve was seen in zome
cases, partiocularly in four (Cases and Charts IX, X, XI, znd
¥II1). In these cases, which resembled eiuch other clinically,
the fever laated four wceks or longer. The temperature curve
in the first three of thece showedna bresk, as if it were
falling sbout the twenty-firset day, indicated by & blue line
drawn on esch Chart at thie point. A recrudescence, hovever,
occurred, lasting for & week or longer. In the remeining
case (Case snd Chert XII) the temperature curve shows no in-
terruption. In the first three the complement wes less in
emount before or at the period of the break and inereased

during the final part of the fever.

The relatively low complement figure observed at thecse
times, when compared with what has been found in preceding
cases, and also during the f£inal phese of the fever in the
oases under concideration, may mean thaet immune-body was
present fixing complement but not in sufficient esmount to

end the fever at that time.
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In the remaining case (Case end Chart XII) something of
the same kind seemed to have occurred, slthough there was no
breek in the temperature or other clinicsl indication that

the end of the fever wue appro&ching.

The variation of the complement in these cases suggests
that there mey be two phases of the primary fever represented,
end thet the pert corresponding to the secondary incresse
4n the complement must be regerded in the nsture of &an ex-
saerbation or recrudescence of the primary fever. If this
be so then these ceses form a link between uncompliceted on-
teric fever end thet sesociated with relapses.

similar cases will be referred to under the next section.

The two remsiping cases of Group (&) (Ceses and Charts
XVII snd XVIII) are excepiionel in that complement was much
greater in amount during convelescence than at the time of
the fever. 1In one of the oases already considered (Cese and
Chart XVI) something of the same kind regarding complement
odcurred during comvalescence but not neerly 8o markedly as
in the former two cases. No explanation is offered for this

difference.

- s - - -
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ENTERIC FEVER WITH COMPLICATIONS,
RELAPSES, THROMBOSIS AND SECONDARY INFECTIONS
Eleven cages constitute this group. Of these seven
suffered from relapse, two from thromboeis of the saphenous
vein, and two were ussociated with different types of infec-

tién; namely erysipelas and pneumoniu.

Before disoussing the specisl phenomens of relupre 1%
is to be noted that in five of thece (Cases &nd Charts XX,
XXI, XXII, XXV and XXV1) complement behaved during the prim-
ary fever in 2 similar manner to thet described regarding tne
fifst four of the last six cases in the previous group. '

As in the provious Charté a blue line has been drawn
where & distinct break in the fever occurred. As before
suggested the bresk probably indicates an unsuccessful at-
tempt at this point to estsblish immunity. The differentia-
tion between the two phases wos best seen in the first
three cases of this series {Charts XX, XXI, &nd ¥X1I) while
an oveflapping is more marked in the remsining two (Charts
XXV snd XXVI). If teken in the reverse order these temper-
ature curves demonstrate the gradation of a true relapse

from the recrudescence which overlaps or is tuacked on to the
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primary fever in some cases.

The complement estimations are not sufficiently com-
plete to throw further 1light on this hypothesis, although
the nature of the complement ourves obtained in two of the
cuses (Cases and Charts XXI and XXVI) points to the probable
presence of & comsidersble amount of immune-body at the

period at which the lysis was interrupted.

With speciel regard now to the cases in which releapses
oocurred, it may be stated that the phenomena follow a
course such a8 would be expected from what hes already been

said.

A review of the behaviour of the complement in all of
this group of caces in which exsminations were made at suf-
ficient intervals, shows thet this substance was more abund-
ant during the relapse than during the afebrile interval or
oconvulescence. This agrees in general with the results ob-

tained in the uncompliceted cases.

In one case (Case end Chart XIX) where there is & feir-
ly complete record of the emount of complement in the prim-

ary fever and the relapse, the complement curve followed
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closely the course of the fever in both stages of the dis-
ease, there being & reduction during the epyretic interval
gnd a uniformly small amount of complement present through-

out convalescence.

In &1l except two cases (Cases and Charts XXIV and XXV)
in which the resord is incomplete, the fall in the amount
of complement occurred within'a week after the relepse, thus
differing to some extent from what has already been found in

uncomplicated ocases.

This seems to indicate that immune-body is produced
more rapidly in relapses, &and that recovery tukes place
sooner then from en initial fever, es is indeed also noted

clinicelly.

The highest complement figure obtained in the individual
cases during the relapse varied between 7 units and 24. The
two patients who were most severely ill (Ceses and Charts
XIX end XXII) yielded the least haemolytic seram, which fact
might be explasined in the same way &S sdopted slready in con-
nection with one of the oases of Group (&) which was very

severely ill (see paragraph 28 of this section)

In another exceptional case (Case and Chart XXIII), elso
gseutely ill during the relapse, the serum was very sctively

haemolytic, and therefore that explanation does not hold in
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this instance. In other three cases of this group (Cases
and Charts XX, XXI end XXIV) in which the relapse was of a
mild type, & high complement figure was obtained.

In general the course of the relapse is &ssocisted with
g consideruble amount of complement, and this holds in some
cases even when the patients are acutely ill, but as in 2ll
other immunity phenomena, variestions in the amount of anti-
bodies occur in this class of ceses. This variation is
.representea by those cases who had what might be called
acute relsapses. fn one the smount of complement present
was very considerable, in the other two, though coneiderably
higher than in the apyretic stuge, yet it never reached much
above twice the amount normelly present in the serum of

these patients.

In the other case contained in this group (Case and
Chart XXV) complete observations were not made, but the
record as far =8 it goes ie in egreement with what has been

said.

ENTERIC FEVER ASSOCIATED WITH A SECONDARY INFECTION

- an .-

Two cases were observed (Cases and Charts XXVI and

XXViI).

Ae can be seen from the clinical history of the first
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cese (Cese and Chart XXVI)  the illness was severe and pro-
longed. It wes complicated by erysipelas of the face, and
subsequent suppuration of the scalp, neck and thigh.

The complement curve as & whole shows & decline from
the time of the primery fever until convalescence was com-
pletely established, thus conforming to what has already
been found in the majority of the cases examined. Closer
gnalyeis of the curve shows that it is possibly made vp of
three elements, the first coinciding with the first twenty-
two days of the fever, the second with what has in other
ocases already described been looked upon as a recrudescence,

and the third with the period of suppuration.

From the results obtzined in erysipelas (see Section B)
an increase in the samount of complement was'to be expected
when this complication arose in the present cese, but such
did not occur until much later; when suppuration was in
progress. Thereafter, associated with heeling of the ab-
scesses and the gradual recovery of the patient, a steady

diminutionlin the smount of complement was observed.

The second cese (Cese and Chart XXVII) was admitted
to hoepital suffering from lober pneumonia. Enteric fever
developed fourteen daye later. Although complement was

relatively low in amount throughout the illness, it wes a
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little more sbundant during the attack of enteric fever thean
at the time of complete convalescence. Ko observations

were made during the attack of pneumonis.

These two patients resemble each other in that they
guffered from two types of infection, and that the power of
production of complement appearcd to be impaired at the time
the second infection began. Mﬁller‘g)quotes experiments
made by Schutze and Scheller, and Wassermenn, who found that
after one type of infectioﬁ in which complement has been
used up this substance is not rapidly regenerated if a sec-

ondary infection with another type of organism ococurs.

This explenation may be applied to the two cases under
coneideration regerding the relative failure of complement
production at the beginning of the attack of erysipelas in

the one &nd of enteric fever in the other.

ENTERIC FEVER COMPLICATED WITH THROMBOSIS

- - - .

Two cases complicated with thrombosis of the saphenous
vein were observed (Cases and Charte XXVIII end XXIX). The
complement curve as & whole in both conforms with that found
in the earlier cases described in this section, but =s far
as the observetions show no maerked variation in the amount

of complement occurred during the time thrombosis was present.
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In the first of these two cases (Case snd Chart XXVIII)
however a oonsiderablelinorease in the amount of complement
wag present when the oliniocal evidence showed that separa;
tion of sloughe from the intestine was in progress. This
was agsocisted with a notable accession of toxaemia. A dis-
turbance in the rate of production of immune-body seems to
have been indioceted at this period, possibly due to an in-
cresse in the amount of toxic substances absorbed from the

bowel,

A CASE COMPLICATED BY PLEURISY AND PNEUMONIA

The outstanding feature in this case (Case and Chart
XXX) was the very marked rise in the amount of complement
between the first two examinations. It corresponds with the
beginning of pleuriey and pneumonis. During this period
complement remained relastively increased. Cystitis was al-
s0 present, though the date of origin was somewhat obscure.
There may slso have been a recrudescence of the enteric
fever.

When convalescence was estublished the quantity of

complement decreased.

The statement alresdy mede (paragraph 52 of this sec-

tion) regarding the csuse of the low emount of complement
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found in the two cases which showed & double infection does
not hold in the present instance. It may be noted, however,
that the pleurisy and pneumonia differed c¢linically from a
pneumodoocal infection, and the condition was olinically
considered at the time a&s probably due to the typhoid in-
fection. The behaviour of the complement at this time was
somewhat similar to that observed in the other cases show-

ing a reerudescences.

- - -

- . - - o -

Ten oaces have been included in this group. In five
of them (Oases and Charts XXXI, XXXII, XXXIII, XXXIX, &nd XL)
several examinations of the serum were made, and in the
others (Cases and Charts XXXIV, XXXV, XXXVI, XXXVII s&nd
XXXVIII) only eingle examinations were possible.

It wus found in all of these cases exsept one ((Cese
XXXIX) that, even where the complement was present in emall
amount, the lowest figure was something higher than the mean
obtained from examinations of normal sers already noted,
nemely 4.84 units. In none of them was there any absence of

complement. A very notable incre&se in the amount of com-
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plement was found immediately prior to death in four cases

(Cases XXXI, XXXII, XXXIII and XXXIV).

In the first three of these the difference in the amount
of complement at this time, compared with what it was several
days before death, was very great. Death cannot be ascribed
therefore to & lackvof complement in these four cases par-
tioulerly, but rather to the lack of sufficient immune-
bodiee. This has salready been referred to in the introduc-

tion to this section of the paper, (paragraph 11).

In other five cases, where only single examinations
were mede (Cases snd Charts XXXV, XXXVI, XXXVII, XXXVIII and
XL) the aemount of complement, slthough more or less small
in ocomparison with the previous cases, is also in accordance

with this view to some extent.

In four of the cases (Cases XXXV, XXXVI, XXXVII end
XXXVIII) several days elapsed between the time of the ex-
gmination of the serum and the occurrence of death. The re-
sults nearly correspond with those obtained &t an almost
similar period in the first three cases of this group, in
which the very marked final increase in complement wés ob-

served.

In 8 single instunce (Case &nd Chart XXXIX) however the

amount of complement was small even &t the time of death,
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and thies seems to signify a failure in the production of
both immune-body end complement, or the production of a very

weakly scting complement.

In another case (Case and Chart XL) the amount of com-
plement fluctuated. It was very great four days and relat-
ively small one day before death. This again seems to show,
when taken in conjunction with the clinical evidence, thut
complement and immune-body &re produced quite independently

of one another.

- o -

A Note on Haemolysis occurring in the presence of an exces-
éive Amount of Fibrin in a Serum which caused complete
coagulation of the whole Content of each Tubé in the
Teet Serieé

In one fatal cese (Case XXXIV) when the serum was being
examined great difficulty was experienced in obtaining it
free from fibrin, of which an excessive amount was present.

Coasgulation of the serum ocourred severael times after cach

removal of the coagulum. During an interval between coagula-

tions, when the serum could be drswn into a pipette, it was

edded to the series of test tubes containing 1 o.c. of the
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suspension of sensitized ox corpuscles, in éuantities vary-
ing from .02 c.e. to .28 o0.c. a8 already desoribed in connec-
tion with the technique of this worﬁ. The amount of serum
in each of the twenty-four test tubes was therefore very
emsll. Five minutes after the tubes had becn pleced in the
incubator complete cosgulation of their contents occurred,

which formed & solid mass at the bottom of each.

This however did not interfere with the progress of

haemolysie, which proceeded in the usual way.

At the end of an hour the haemolytic power of the serum
could be readily observed by the presence of complete haemo-

lysis.

This phenomenon wag only precent in this instance, zl-
thongh en excessive smount of fibrin was frequently observed

in the blood of patients who were‘Very 111.

-y v - - - e e en
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SUMMARY OF THE RESULTS OBTAINED IN ERTERIC FEVER

B e Radondindindend ]

Complement is alwaye present during enteric fever, and
is more abundant throughout the period of pyrexia than dur-

ing convalesgence.

Diminution in the amount of complement in favourable
cases ceems to coincide with the production of immune-boay

ag shown by the condition of the patient.

Complete immunity is not estublished in all oases at
any definite time after the temperature heas settled, and it
does not seem to bear any definite relation to the degree
of severity of the attuck, but it would appesr to depend to
some extent on the length of the period of illmess; immunity
being established sooner after e brief then after & prolonged

illness.

severity of the attack bears some relation to the
amount of complement pregent during the fever. 1In patients
who are very ill complement as well &s immune-body mey be
produced slowly; or only & weak type of complement may be
produced. On the other hand in patients who are moderately
111 & relatively small amount of complement seems to in-

dicate the presence of & considerable amount of immune-body,
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but not sufficient to terminste the attack. 1In the inter-
mediate type of illness, whioch is the moet common, & large

amount of complement is found.:

Two cases showing an increase in the amount of comple-

ment throughout convalescence have been observed.

The varistion in the amount of complement during some

prolonged types of primary fever seems to indicete that the

"terminel portion of such may be of the nature of a recrud-

esgence.

Complement is increased in smount during relapses and
diminished when recovery is teking place. The diminution

appears to occur sooner after a relapse then after & primary

‘attack. Thie might mesn that immune-body is produced earlier

than in the originel settsck. The extent of the varistion of
the complement does not bear any definite relation to the

gseverity of the relapses which have been observed.

In cases of enteric fever associsted with a pyogenic
infection, or vice versa, regemeration of complement seems

t0 be impaired during the secondary illness.

No varietions in complement have been found associated

with thrombosis in enteric fever.

Death from enteric fever ie due chiefly to absence of
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immune-body. Oomplement is esometimes very sbundent in fatal

cases, and at other times only a weak type of complement may

be present.

All the results show that complement and immune-body

are not produced in any fixed ratio to one another.
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" SECTIOR B - ERYSIPELAS

- ar o - g -

This disease is cheracterized by am acute onset, & mod-
erately eghort period of high pyrexia, and a oritical termina-
tion.

In most cases the attsck ends in the first or in the
early part of the second week, but occasionally it may con-
tinue for a longer period, as for example in the migrating
type of the disease., There is usually considerable pyrexia
and general disturbance in the condition of the patient dur-

ing the acute stege of the illness. Relapses are common.

Thie brief outline of the e¢linical fects indicates that
the immunity phenomens once begun develop rapidly, and that

the immune substances sre equally rapidly produced.

MOCririok(lo)has observed for instance that the opeonic
index in erysipelas, at first relatively low, reaches normal
between the fourth and eighth days from the onset of the in-
feotion, snd that during & relapse the normal index is re-

stored between the second and fourth days.

Thus opeonin seems to play an important rart in ter-

minating an attack.
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That true bactericidal substances are also produced in
the course of erysipelss can hardly be doubted, although
this has not been inveétigated by the writer.

Altogether thirty cases of erysipelas have been in-
vestigated, and the estimetions of the complement heve been

made a8 frequently as was practicable.
The cace8 huve been arranged in the followlng manner:-
Group (&) Uncomplicated casee and a case of erysipelas

migrans

Group (b) Cuzses oomplicated with relapse and suppura-
tion

Group (o) PFatal cases

—-r . -

As certein similarities were found in the variations of
the amountief the complement present in the twenty patients
included in this group, specisl reference is made here to 2
perticular case which seems to be the type with which the

others mey be compsared.

(Case I, Chart I) The patient was admitted to hospital
on the fourth day of illness, suffering from a sherp attack
of erysipelas involving the upper part of the face and the
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scéip. The infection originated in & septic wound of the
scalp. The temperature fluctuated between 100° F. and

104° F. for seven days and reached normal by rapid lysis on
the tenth day of i1llness. The inflammatory process spread
over the faoe dﬁring the period the temperature was elevated
end subsided on the eighth day, two days before the temp--

erature reached normal. A rapid recovery was made.

The complement was found to be greatest in amount dur-
ing the acute stage of the illness, reaching its highest
point, 8.33, on the seventh day. Four days after recovery
i1t diminished to 5.88, and when the petient was dismissed on
the twentieth dey the figure obtained was 5.55. Thus quite
an appreciable diminution in the amount of complement wes
present during convalescence. Thie phenomenon was equelly
well marked in other eleven cases (Cases and Charts II %o

XI11).

The remerks made regarding enteric fever, namely that
the fall in the amount of complement is assoclieted with the
production of immune substances, apply here and acoord
equally with the clinical appearznces. T™he extent of the
verigtions in the ammount of complement present during an
sttack of erysipelas however qannot be expected to be so
marked ss in enteric fever, in which the reaction shown by

the patient is much more gradusl.
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THE RELATIOK BETWEEN THE PERIOD OF THE DIMINUTION IE THE AMOUNT OF
THE COMPLEMENT AND THE SEVERITY AND DURATION OF THE ILLNESS

- - . - - - -

TABLE 1
""""" Poriod of atmimation 1n " Iuretion
Case complement Type of attack and extent of attack
2 End of fever Severe - face and scaly 4 days
17 0~ " v Very severe, arms, face
' body and left leg 26 "
12 " " " Severe - face &nd ecalp 10 "
3 3 days after temp. fevere - face and part of
reached normal scalp 7 "
g n m " " " w oo " g v
1 4 7 " " Severe - face and soalp 1l "
6 " " oo Severe - face and part of
‘ : scalp 7 "
7 " 0w " " Moderate - face "
4 b T oo W Severe - face and scalp 10 "
9 ] ] n . ” " n " 7 n
10 10 * " " w woon " 8 v
5 12 " " " moow 7 o
12 It will be seen from Table I that the period at which

the complement is distinetly diminished after the tempersture

hes resched normal is not the same in all cases.
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The figures however are only &pproximate, as the inter-

vals 8t which the serum was exemined varied.

0f the patients one (Case VII) was moderately ill, and
the others severely or very severely ill. 1In the former the
f8l1l 4in the amount of complement wes observed four days after
the termination of the fever, &nd in the latter group the
time varied between the end of the fever and the subsequent
twelve days. As will be seen from these ovbeervations no
definite relationship can be traced between the severity of
the illness &nd the ostablishment of complete immunity, al-
though it may be inferred from the results obtained that the
latter oocurs within a few deys after the inflammatory pro-
gcess has subsided. This ie 2leo in accord with the cliniecal

observetion that sll these petients made & rapid recovery.

Thie table also tends to show that the duration of
the illness bears no relation to the period of fall in the
smount of complement, In three instances for example (Ceses
II, XII &nd XI) the f&ll in the amount of complement was
closely essocisted with the termination of the fever which
occourred in four, ten, and twenty«sii deys respcotively after

the onset of illness.

Thus the esteblishment of complete immunity does not

seem to bear any definite relation to the duration cf the
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1llness. This obeservation is slso substantiated by the
rapidity of the recovery of practically all of these patients.

THE QUANTITY OF COMPLEMENT PRESENT DURING THE FEIVER IN RELATION

" .t e e -

16 This will be seen from the points noted in the sub-
joined table.

TABLE 11

- - -

- - . e e - o - e v A W e W D h WP AR W N W - A ot N GS w E as D G AN s N R WS A e b W e R e e S S e Mo et s A R S e e

v ' Greatest quantity of com-
case Type of Attack Duration of fever plement present during

the fever
1 Severe 10 daxs 8.33 complement units
2 " 4 6.25 n
3 " 7 n 5.26 "
4 n 10 " 6.89 "
b n 7 " 8.33 "
6 ” 7 " 7 . 69 1"
7 ¥oderate i " 9.09 "
8 Severe 9 " 5.55 "
9 " 7 : 8.69 "
10 " 18 " 8.33 n
11 Very severe 26 " 12.50 "
12 Severe 10 " 14.28 "
17 The definite conclusions can be drawn from these rasults

so far as they go, that no relation existe between the gresat-

est complement content of the serum during the scute stage
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of the disease and the severity of the illness or its dura-

tion.

The average amount of complement present 1is consider-
ably less than that observed in enteric fever and this
éeems‘to indicate that the production of the immune sub-

stances occurs comparatively soon in erysipelas.

In the remaining eight cases of uncomplicated erysipelas
(cases and Charts XIII to XX) results were obtained which

differ somewhat from those just described.

In the first three of these (Cases snd Charts XIII,
XIV =nd XV) only slight veriations in the eamount of the
complement were observed during both the period of ery-
sipelas and the convalescence. 211 were mildly 111, end

only one of them (Case XIV) shcwed any marked pyrexis.

The foot thet the disease wes not very acute in these
cases seems t0 indicste thaet the production of immune sub-
ctenoes was ecomparatively constsnt, and caused a balancing
of the immupity fzetore, or that the stimulus of the infec-
tion was not poverful enough to eell forth a marked reac-
tion in the complement producing orgens. It may be noted
in this lastter connection that in the single case (case XV)
which showed an inorease in the amount of complement, at one

stege, that the erysipelas was most murked at this time.
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In the remsining five oases (Cases and Charts XVI,
XVII, XVIII, XIX and XX) an incremse in the amount of com-
plemen% after the eryéipelas hed subsided is the ohief boint
to be noted; they differ in this respect from the first
twelve cesee of this Group (a). In threc of them (Cuses
XVI, XVII and XVIII) however & temporary diminution was ob-

served towards the end of the period of pyrexia.

In the gbsence of special knowledge &8 to the behuaviour
of the other immunity fuctors 1t seems uncafe to venture any
specisl hypothesis regarding these variastions in the amount

of complement.

A CASE OF ERYSIPELA3S MICRART
(Case esnd Chart XXVII) In thie cese the erysipelss
begen on the face, and at different times throughout the
course of the illness it saffected the body, arms, and one
leg. The patient was most sgutely 111 during thé first
neven deys, and from thet time onwverds the inflammatlory

veceme less and less acute. .

The amount of complement present during the first seven
days was relatively small, only varying between 4 and 5 com-
plement units. The patient's genersl condition at this

time, indicated & wesk degree of reaction. During the less
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acute stage of the disesse however, when recurrences of a
progressively less severe typé were uppesring on different
parte of the body, marked fluctuations in the emount of

complement were observed.

This irregular behaviour of the complemcnt as well g
the clinicel evidence, indicetes a certain instability in
the degree of immunity at different stages of the 1llness
in this case. An increase ir thé arount of complement w:is
also observed during convelescence. The only further ex-
sminsztion of the serum which wes possible was made on the
tifty-fourth day of illness, when the patient was perfectly
well and sbout to be dismissed from hospital. The comple-

ment content was then observed to be 4.34 units.

DPuring the interval between the two finel chservetions,
msde on the thirty-second day and the fifty-fourth respect-
ively, & slight recurrence of the facial erysipelas lasting
three days occurred. Thie is of sorme interest, zs it tends
to corroborate the remarks just made regarding the instebil-

ity of immunity in this case.

......--.-..—-..a--——,—......---—.-..a-——ou-_._-—-.--.-.——--—.——---——_—_-—_a—...-.-—-_

Iodipin was &dministered subcutaneously in this cuse on the
seventh, eighth, ninth, tenth and eleventh days of illness
in doses of 90 minime. A merked rise in the amount of com-
plement from 4.76 units on the seventh dauy to 11.11 on the
ninth doee not seem to depend on the action of this drug,
since the doses which were given on the ninth, tenth and
eleventh days were associated with a diminution of comple-
ment to 4.00 units
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Before dilscussing these cases it is to be noted that in
four of them (Cases &nd Charts XXI, XXII, XXIII end XXIV)
the complemént curve obtained during the initiel attack cor-

responds to that described in the first twelve ocases of

Group (a).

six cases are included in this Group (Ceses and Charts

XXI to XXVI). All of these recovered except one (Case XXV),
which finally became septicaemic. Iwo relapses were ob-

cerved in the last mentioned case.

Five of these patients suffered from a relapse of the
erysipelas, one (Case XXII) on the eighth dey after the ter-
minetion of the preceding attack, one (Case XXV) on the tenth
dey, two (Ceses XXIII and XXIV) on the fifteenth day, and
one (Case XXI) on the nineteenth day.

Two cases in this Group (Ceses XXIV and XXVI) were com-
plicated by suppuration during the course of the illness.

During the relspse in the first three cases the amount
of complement as far &s the observations show was smeller

than during the primary attack.
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In the firet two cases ((Oases end Cherts XXI end XXII)
the secondary attack wes very mild, of very short duration,
and unaccompanied by sny noteble disturbance in the putient's
condition. The loeal reaction was 2lso comparatively slight.
This seems to show that the disturbence of the immunity bal-

ance was soon readjusted.

In the third case (Case and Chart XXIII) the first es-
timetion during the relapse was made when the crisis was in
progress, seven days after the onset of the secondary fever.
A fairly rapid fall in the smount of complement two days
after the end of the primery attack had been previously ob-

served.

In the sbsence of & sufficient number of estimations
during the acute stage of the relepse, it ocan be surmised
either that the esmsll amount of complement observed at the
time mentioned may have been preceded by e greater amount
or thet as in the two previous cases & smaller amount of
free complement existed in the blood than during the primary
ettaock.

The relatively high complement figures observed during
convelescence in three of these cases (Cases XXIII, XXIV and
XXV) is in esccord with what hes been noted in five cases of

the previous Group, and the remarks previously made would
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seem to apply equally here. In the case which developed a
secondary septicaemias the complement alweys remained relat-
ively high, and_thie,possibly had some relation to the in-
ability to maintain an immunity, but what relationship is

not clesr.

Z

ERYSIPELAS ASSOCIATED WITH SUPPURATIOR
The record of one of the two ceases showing this Compli-
cation (Case and Chart XXIV) is incomplete and is not dis-
cussed, but in the other (Case and Chart XXVI) an unususlly

large number of observations were made, fourteen in all.

This patient suffered from erysipelas of the face and
gscalp erising from a septic scalp wound. There was extensive
suppuration of the scalp and forehead, followed by sloughing
of the subcutaneous tissue. At no time after the eleventh
day was the inflammatory process nesrly so acute as during
the preceding period. The pstient was delirious on the
gixth, seventh snd eighth deys. His general condition im-
proved sbout the tenth day, although pus begen to accumulate
under the scalp at this time. Numerous incisions were made
and much pus evacuated. Between the seventeenth and the
twenty-first daye of illness pus egein accumulated under the

scelp, end in sddition & large abscess formed in the forehesad,
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both requiring incisions. Improvement followed, and by the

thirtieth day 211 the sloughs had meparated. From that time
the scelp healed very slowly, and the inflammatory condition
of the forehead persisted, rendering fﬁrther incisions neces-
sary on the forty-third dey. The patient was still in hos-
pital on the seventy-second day, when the final estimation

of the complement was made. The scalp and forehead at that
pericd had not quite healed, a2lthough the patient was very

well.

The complement curve in this case shows three phéses,
the first corresponding to the attack of erysipelas with ab-
scess formation under the scalp, the second to the sbscess
formation in the forshead asnd the reaccumulation of pus
under the séalp, and the third to the recurrence of the &b-

scess in the forehead.

The course of the complement curve points to a defic-
jency of immune substances during most of the time the obecer-
vations were made, except for a few days after the delirium
had subeided end the first collection of pus had been evac-
nated. The indirect evidence supplied by the amount of com-
plement regarding the presence of immune substences points
to a considerable deficiency of the latter during the worst
period of the erysipelas &nd at such times as reacoumulation

of pus was teking place in the scelp snd the forehead.
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HFATABg_GASES OF ERYSIPELAS
In sddition to the fatal relapsing oase (XXV) already
mentioned in the previous group, three others have been in-

vestigated.

In two (Cases and Charts XXVIII and XXIX) an inorease
in the emount of complement was noted at the time of death.
In the third (Case end Chart XX¥X) & single examination was
made when the patient wae dying, and although the smount of
the complement found was not so high as in the other fatal

cases, yet it is a little above the normal average.

The fatel issue in these cases cennot be escribed to
sb