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Since 1931, whenuAnderson et al. published thselr account

of the three different types of c¢. diphtherlas, much work has been
done on this subject in Briltain and also in other countries in the
world. It was soon realized that the percentage incidence of the
various types varied in different parts of Britain in the same year,
and that they slso varled from year to year. Comparative figures
for the same areas in different parts of the world wers difficult to
obtaine.

Table showlng Different Percentage Incidence 1in the Same year in
s Different Areas throughout the World.

Ares Year Percentage Percentage Percentage Percentage
Gravls Intermedlus 8 orran
Glasgow (Carter 1935 548 65.1 24.1 4,96
1936) )
Dundee (Murray) 1935 640 54.2 39.8 -
Liverpool
(Private
Communication) 1935 500 26.0 24.0 -
Maenchester :
(Robinson and :
Markha 11) ee.1935 50.9 19.9 27.8 l.4
Romford
(Tannahill 1936) 1935 63.2 21l.7 10.5 ' 4445
Cork (Cooper ,
ot 81.1936) 1935 91.3 37 37 12
Berlin ( do. ) 1935 78.2 88 0.2 3.8
Maryland, TUeSe

(Whitley) secee.1935 6.3 l.8 91.9 L
IO’W&, UOS. . ., ot :
(Wright and . ‘
Christison) e¢¢..1935 9.1 - 8l.8 9.1
Australis
(Anderson et
21.1936) ...1935 52.2 - 47 .8 -
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Table showing Different Percentage Incidence in the Same Area in
different years.

Area Year Percentage Percentage Percentage Percentage
Gravis Intermedius Mitis Abarrant

Glasgow (Carter

1933) 1933 3.1 59.2 365 1l.17

Glesgow (Car?gg% 1935 548 6541 24.1 4,96
Manchester 936)

(Robinson and

MBrShﬁ’ll‘) ceces 1934 23.8 54 .6 19.2 2.4
Manchester

(Robinson and

Marshall) eeee. 1935 50.9 19.9 27.8 l.4
Liverpool

(Private

Communication) 1935 50.0 26.0 24.0 -
Liverpool (Do.) 1937 34.2 24.7 41,1 -
Hull (Leete ot 2l) 1933 59.4 20,0 8e7 2.3
Hull (M-O «He

Report) @8 ¢ 000 s e 1958 21 04 . 68 '4 10 02 -

Ib was also recognised that the severity of the clinilecsl
case dld not slways coincide with the isolatlion of the gravis strain,
as had been suggested by Anderson et al. (1931), though in some areas
this was the case, while in others the intermedietse type was
associated with the more severe clinlical type of dlphtheria.
Severity of Clinical Type of Diphtherle assessed on Percentage

Death Rate.
Percentage Death Rate

gravlis Intermedlus Mitis.

Blasgow (Carter,1933) ceecreenccocrorcns - 78 7¢5
Dundee (Murray,l935) ceccecercsccesaons - 11.1 3.4
Manchester (Robinson and Mershall 1934) 13.8 1547 2.6
Hull (Leets et 8le, 1933) covccvecsesase 19.4 567 38
Leeds (Cooper et ale 1936) esevececcccn. 6e3 4,9 1.4
Berlin ) do. ) eeacsrenconene 13.2 944 -

Australis (Anderson et 8l., 1935) ¢o.... 2640 - 749
Port Elizabeth, S.A. (Emmerson, 1937) .. 11.1 100.0 ° 2.3

In Glesgow, from the reports by Carter (1933 end 1936) and

the Medical Officer of Health's Report, 1935 (Knightswood Hospital),



eJe
1t was observed that the percentage incidence of the gravis strain
was lncresasing in the Glesgow area.

As the literature on the severity of the c¢linical case
correlated with the strain of c. diphtheriss recoversed from the case
was not extensive, en lnvestigatlion was commenced in Belvidere Fever
Hospital, Glasgow, 1n 1937, to correlate the strsin of oc. diphtherise
recovered from each c¢linical cese of diphtheris with the c¢linical
severlity of the case. At the same time es the investigation
commenced, Messrs. Burroughs Wellcome placed et my disposal a highly
concentreted diphtheria antitoxin, which, they claimed, greatly
reduced the incidence of serum reactions when it was administered.
This serum 1s called "Refined Diphtheris Antitoxin".

As this antitoxlc serum was claimed to cause no reaction
after 1its administfation, each case was kept under observation to
determine whether or not this was the case, and to observe the time
and type of serum reaction (if any). For comparison, s series of
oases of diphtheria treated with Burroughs Wellcome "concentrated"
(Banzhaf and Gibson, 1907, and Banzhaf, 1912-13) diphtheris antitoxin was
also Investigatsde. This involved an examination of the case
records of all cases of diphtherla which had received Burroughs
Wellcome concentrated diphtherie antidiphtheritic serum between
the years 1930-1936 inclusive. From the cese record there was
noted the age, sex, day of dissase, the amount and route of \
administrstion of the serum, the time taken for the serum reaction,
if any, to be manifest, and the clinlcel type of serum reaction.

1,000 ceses of diphtheria were treeted to & conclusion.

150 received the antitoxin by intrsvenous injection, 250 by combined
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intramuscular and intravenous therapy, and 600 by intramuscular
injection alonse. Four-hourly observations were made upon the
tempersture, pulse and respirations, the rate of dlsappearesnce of
toxaemia, membrane and/or discharges, snd complications.

The 1,000 cases wers swabbed by myself and then inoculated
on Loeffler's medium, and on to Xerrin and Gaze (1936) media
plates, where the different colonies were identifiled. From these
colonles the biochemical and heemolytic propertles of the different
types of c. diphtheriass were investigated. |

All the laboratory work, including the preparation of the
media, was done by me.

This thesis 1s presented in three sections:-

(1) A survey of the methods used to concentrate
diphtheria antitoxin.

(2) Serum reactions: Their incldence and manifestations,
together with a comperison of their occurrence and
clinical findings followlng the injection of
ooncentrated and refined diphtherilas antitoxin.

(3) An snalysis of the results of treatment of 1,000
cases of clinical diphtheria treated with refined
diphtheria antitoxine.



E
L
o

o B n Y N
= - - I3 o PR W
2 FN L
. 2 ?2"‘
- i
B " E - e 3 N
AT - gOoTEHaia
_ e e - - 2 L "
PRI SIS = ey owah g FERN it
R vy
A o EEE Y
PR} - 4 - -

o SECTION 1.

A
LTI

A Survey of the methods used
t6 concentrate diphtheria antitoxin.

L T I S

% il EP EREE LUURE G
-t S e e PR
] Trereyp e = =7

i



e 5,

Since the introduction of anti-Diphtheritic serum by Behring
and Kitasato (1890) repeated efforts have been made to reduce to a
minimum the content of non-specific substance. The early workers
in in this field of medicine hoped to produce a pure antibody. In
view of the clearer understanding reached on the neture of antibodies
the work done hes been toﬂreduco the ratio of the antibody titre to
the proteln concentration of the resultant product.

The methods employed have been:-

(1) Non-Specific - fractional precipitation of the serum and
adsorption.

(2) Speocific methods depending upon the precipitation of the
antlbody by the speciflec antigen and extracting the
compound.

(1) Non-Speclflc methods are divided into the following groupa:-

(e) Varlation of the salt concentretion.

(b) Precipitation with alcohol.

(e} Adsorption.

(d) Cataphoresis.

(o) Enzymes.

(a) Brieger and Ehrlich (1893). They used a 27-30 per cent.
solution of Ammonium Sulphate and their experiments were done upon
milk from cows which hed been immunized. From their results they
concluded that Ammonium Sulphate in concentrations between 27-30 per
cent. precipitated most of the entitoxin from the milk, and of the
other salts they trisd, Magnesium Sulphate came next in efficacy to
Ammonium Sulphete in precipltating the antitoxin. The precipltate
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obtained was dissolved in water, dialysed against flowing water,
filtered and finally dried. The powder they obtained by this method
had, weight for weight, 400 - 600 times the entitoxio strength of the
original milk.

Brodle, 1897.

He was the first to prove that Diphtheria antitoxin was
preciplitated from an anti-Diphtheritic serum by sny means that
completely precipitated the Globulins in the serum. He made
fractional precipltaetions of the serum, using as his precipitant
Ammonium Sulphate. He found four different portions in the serum,
all of which contalned entitoxin in equal quantities.

Freund and Sternberg, 1899.

-They found thet by adding one-third in volume of a § per
oenﬁ Potash alum solution to one volume of serum that all the
antitoxin remained in the filtrate - the albumin was preciplitated and
the filltrate containing only the globulins contained 8ll the
antlitoxine. The globulin was then preciplitated by Armmonium Sulphate
and so 8 concentrated sntitoxin was produced.

Fuld end Spiro, 1900.

From experiments they determined that there were two
globulin fractions - (1) one which was precipitated by a 28-33 per
cent. solution of Ammonium Sulphate, and thls they called
"Euglobulin®, and (2) one which was precipitated by & 34-46 per cent.
solution of Ammonium Sulphate. They called this fraction
"Pseudoglobulin”.

Hiss and Atkinson, 1901.

They estimated the globulin content of the seruy
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of horses at various stages during their immunization against
Diphtheria. The precipitant used was Ammonium Sulphate. They
obtained the total protein content of the serum by heating and the
albumin content was estimated by the difference. They found that
the globulin content of the serum increassed during immunizgtion
against diphtheria, and that the albumin fraction diminished. 1In
10 c.c's of 8 normel horse's serum they found the globulin content
to be .3235 gramme. When thls same horse had been 1mmunilzed
against diphtheria so that 10 c.c's of serum contalned 120 anti-
diphtheritio units, the globulin content had risen to .8987 gramme.
Pick, 1902:

From numerous experiments he concluded that the antitoxin
was assoclated with the psuedoglobulins, but not with the euglobulins.
This was the case when horses were immunized, but not for gosts,
where the conditions were the reverse.

Glbson, 1905-63

He published a method whereby the protein content of a
serum ocould be greatly reduced, and he claimed that he could
concentrete a serum to st least double 1ts original antitoxio
strengthe His method was:-

(1) Precipitation of the globulins with an equel volume of
saturated ammonium sulphate solution.

(2) Filtration.

(3) Extresction of the residue with saturated sodium chlorilds
solution, so re-dissolving the pseudoglobulin with the

eantitoxine.
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(4) Filtration.

(5) Precipitation with half saturation of smmonium sulphate.

(6) Drying of the precipitate and dialysing in parchment.

(7) Sterilization of the resultant solution by double filtration
through Berkefeld filters.

(8) Addition of «25 to «5 per cent. solium chloride and s
preservetive.

Ledinghame. 19073

He found that 1n a horse where the serum was low in anti-
toxic value the total proteln content showed no tendency to inorease
during immunization. The slight 1norease found was due to a rise in
the albumin content. During the immunization of a horse which
produced a high grede antitoxioc serum, the percentage globulin content
of the total protein increased progressively. Finding that the
euglobulin was more affected than the pseudoglobulin, he concluded
that the pseudoglobulin conteins most, 1f not all, the antitoxin,
but that it seemed probable that thls relationship only held good
when the antltoxic content of the serum was steadily rising.
Ledingham also found that in goats the entlitoxic content of the
euglobulin and pseudoglobulin fractions may very at different periods
in the course of immunizatlon.

Gibson and Collins, 1907s

Experimenting with rabbits, goats and horses, and using
verious organisms such as B. diphtherls, Flexner manila dysentery,
Shigas dysentery, etc., as antigens they found that there was great
distribution of the antibodies in the different fractlons of a serum

and thet the distribution of antibodiss varled from time to time in
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the same animal. They used ammonium sulphate to precipitate
the verious fractions and of ammonium sulphate they said that it
was not & relliable means of differently clessifying proteids, the
preciplitation characters of which ere not widely separatede.

Banzhaf and Gibson, 1907:

They produced & serum which was concentrsted about 4-5
times 1its origlnal antitoxlec strength. The following method was
used to separste the psesudoglobulin-antitoxin combinetion from the
other serum proteins.

(1) The serum was diluted with one-third its volume by water,
eand then heated to a temperature of 57° C. for 15 hours
or to & tempsersture of 58o Ce for 7 hours. Ammonium
sulphate was then added until its concentration was 30%
of the whole volume of liquid. The precipiltate forméd
(Fraction 1) was obtained by filtration.

(2) Fraction 1 was suspended in a saturated solution of brine.

The solution was filtered and the filtrate containing
the soluble pseudoglobulin plus entitoxin, which hed
been present in fraction 1, was made .25% acid with
Glaciel acetic acid. The ensuing precipitate was
filtered, pressed end dielysed.

(3) To the filtrete from fraction 1 was sdded emmonium

sulphate until it was in a concentration of 54% and the
precipitate thus formed was filltered, pressed and

dlalysed.
The residue from the dlalysis of the second fraction
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precipitate was the more potent, but the residue from dboth

dlalyses from frections 1 and 2 was mixed eand the requisite

amount of socdium chloride and preservetive added. The

finished Broduct had a protein content of about 18-20%,

and was concentrated to about 4-5 times thet of the original

serume.

Banzhaf, 1912-13:

Following the principle in the last method, he produced a

"one fraction method". The concentrated serum he produced had

4-5 times the antitoxic strength, and e protein content about 20% of

the original serum. The method was:-

(1)

(2)

(3)
(4)

(5)

The serum was diluted by one-half of its volume by water,
and the whole made up to 30% of saturation with
ammonium sulphate.

The mixture was heated to 6000. and kept at that
temperature for s few minutes.

The hot serum was filltered.

The precipitate of euglobulin was washed with 33%
emmonium sulphete. The washings were filtered &snd
were added to the main bulk of the filtrate, which
was then made up to 50% saturation with ammonium
sulphate.

The precipitate was filtered, pressed and dialysed.
The dislysed residues were trested as 1n the Banzhaf-

Gibson method.
This method, Banzhef clalmed, was quicker thah the
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previcus method, as the time taken to extract the first fraction
with brine was not required. It was a cheaper method because less
materiels were used.

The drawbsck however was that the production of a readily
fllterasble end product depended e great deal upon the condition of
the serum mixtures after the preliminary heating. If the latter hed
not flltered readily the end product was found to be unsatisfactory.

'Homer, 19161

The disadvantage of the Benzhaf one fraction method was that
the finel product might be opslescent due to & suspension of euglobulin
and which was difflicult to get rid of by filtration. From her
experiments Homer found that the successful preperation of an easily
filterable end product depended upon the initiasl heating of the
mixturese. The adventsges of using sodlum chloride in serum mixtures
were:-

(a) During the hesting of the mlxtures, 1f the temperature was
kept et 63-65°C., the sddition of 1.5% sodium chloride
did not chenge the smount of protein remeining in solution
but if the tempsersture were raised to 6700., then e
change took place.

(b) If & solution of pseudoglobulin and euglobulin in saturated
brine was heated to 6100. and kept at that temperature
for & few minutes, 60% of the soluble globulin was
converted into insoluble globulin, and there was & loss
of antitoxin.

(¢) The heating of the serum with sodium ohloride densturated

the protein and mede 1t more easlly precipiteted with
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sodlum ohloride or 30% of saturstion of ammonium sulphete.
The sodium chloride had a favourable influence on
flltration by re-adjusting the pH value of the serum mixtures.
Homer (19162).
Following the genersl principles of the Banzhaf and Gibson

and the Benzhaf methods, she produced a serum which she cleimed was
8-9 times the strength and which contained 17-19% of the totel
proteln of the original antitoxic serum. Her method wes:-

(1) The serum was diluted with 1/5 to 1/3 its volume by water,
and then made 1.5-2.0% with sodium chloride.

(2) The mixture was hested to 56-57°C. for 15 hours or 57-58°C.
for 8 hours.

(3) The heeted serum was then made 30% saturated with ammonium
sulphate and the mixture heated to 61°C. end kept at that
tempersture for 2 few minutese

(4) After 1t had cooled to 40-45°C,. the mixture was filtered.

(5) The precipitete was then washed with a 33% solution of
ammonium sulphate, and the washings were sdded to the main
bulk of the filtrste which was then made up to 50%
saturation of smmonlium sulphate.

(6) The precipitate was filtered, pressed snd dialysed.

(7) This was now treaied with the necesssry amount of sodium

chloride and preservative.

This method was an improvement on the Gibson-Banzhaf

method for the following reasons:-
(1) There wes only one fraction, and the extrection with brine

wes unnecessary, so time, labour and expense were saved.
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(3)

(4)

(1)

(2)

(3)
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The heating of the serum wade up to 30% saturation with
ammonium sulphate served to agglutinate the suspensold
particles of protein into conglomerates large enough to
be retained in the filter paper. In the Gibson-Banzhsaf
process 1t was often necessery to lncrease the percentage
of ammonium sulphate to 35 to ensure the retention of the
perticles.

The potency of the serum was much greater and the protein
content much lease.

The totel loss of antitoxic units was not greater than 10%.
Over the Banzhaf process lts advantages were:-

As more protein was removed as & result of heat denaturation
of serum proteins and their increased preclpitebility by
307 saturation of ammonium sulphate there wes less chance
of flltration difficulties.

By the addition of 1.5-2.0% sodium chloride the resction
of the medium tended to be more suiltsble for complete
precipitation of the proteins thrown out of the emulsocid
solution by the 30% saturstion of emmonium sulphate.

The finlshed product was nearly double the entitoxic
strength of the Banzhaf product.

Homer 19163.

Experimenting with electrolytes she found that, if a

serum is heated with an electrolyte, much stronger concentrations

per gramme of protein cen be obtained, but that there is also a

1imit to which & serum cen be concentrated. She used sodium chloride
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and ammonium sulphate in concentretions of 10-20% and 30%
respectively. The strongest serum she produced contelned 22,500
units per gremme of protein.

Homer, 19171.

In a further investigation Into the factors influencing
the production of concentrated seres, Homer found that the pH of
the serum was of great importance snd that the best results were
obtained when the pH of the serum - ammonium sulphate mixture - was
adjusted to between 5.3 - 5.0. Further, the flltratlion of the
mixtures could be improved by the addition of 2% sodium chloride
to the mixtures, and the improvement was dvue to a specific sction
by the sodium chloride upon the globulins. If the serum was
heated for some hours, up to 8, at a tempersture of 57—5800., there
was 8 greater precipitation of proteins by the ammonium sulphate.
She also found that by the sddition of phenol .35 - 5% there was
an alterastion In the surface tension of the proteinsin colleidal
solution and gn increase in their precipitation.

Homer 1917,

In a further investigation she found that if 2% sodium
chloride and «3 - «35% cresylic acid were edded to the serum prior
to the hesting of the plesms - smmonium sulphate mixture - the
tendency of the end products to be cloudy was diminished. There
was no destruction of antitoxin provided thet the 2% sodium
chloride was added, and that the serum - ammonium sulphate mixture -
was not heasted to above 60°C. and was not allowed to remain et

thet temperature for more then 2 hours.
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Homer, 1917 .

She found that for a serum whose pH value 1s above
7 the serum must be hsesated to a tempersture of 57.500. for not
less than 4 and not mbre then 5 hours for the maeximum precipitation
to be obtained, if 30% satureated ammonium sulphate were used.
Homer also found thet, 1f she lncluded in the second fractlion the
protein precipitated by varying concentrations between 30 - 44%
of saturetion with ammonium sulphete instead of 30 - 50%, the
emount of glbumin whilch eapvpeared iIn the flnal frection was much
reduced. Finally, the serum produced wes clearer in colour,
conteined less protein and was more concentrated than that produced
when 30 - 504 of saturetion of ammonium sulphate was used.

Homer 1918.

In 1918 she suggested & new modificstion of her previous
method for concentration of enti-diphtheritic sera. The technique
was:-

(1) Pooled batches of undiluted oxalasted or ciltreted pleasme
were treated in the following manner -
(a) The pH was sdjusted to 8.
(b) If this could not be done, between .25 - .3%
eresylic acid or trikrescl was sedded to the plesma.
(¢c) 2% sodium chloride was sdded.
The plasme thus treated was heated in two steges:
(1) The plesme was heated in jars st a temperature
of 57.5°C. for 4 hours.
(11) The pleasme was then made 30% of saturation with

ammonium sulphate and the temperature resised to
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58°C. and then cooled to 45%. The mixtures were
constantly stirred.

(2) The mixture was filtered and Frection 1 obtained. This
first frection precipitate, consisting of euglobulin,
heat densturated protein and pseudo globulin, was now
washed with 30% saturation of ammonium sulphate - about
one-half volume of ammonium sulphate to one volume of
plesma. The washings were now added to the mein bulk
of the filtrestes, and then to the mein bulk was added a
saturated solution of ammonium sulphate to bring the
ammonium sulphate content up to 46% of saturation. The
precipitate produced wes now filtered, pressed and
dilslysed until it was free of sulphate. To the residue
was added .85% sodium chloride and .35% cresylic acid.
About 18% of entitoxin was lost. To avold this 18%
loss of antitoxin the following method was employed;
after the first precipitates had been washed with 30%
of saturation ammonium sulphate, they were put into canvas
bags end these were pleced in a saturated solution of
brine. The first precipitstes of many plesmeas were added
to the brine tub. This wes closed at room tempersasture
for some time and then the brined extract of all the
precipitates was filtered. To the flltrate was added
«3% glacial acetic acid and the precipitate produced was
filtered, pressed and dielysed after 3% washing soda had
been added to the contents of each dlalysing basge. The

dlalysing wes continued until the contents of the bags
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were free from salt. To these residues were added .85%
g801id sodium chloride and .35%cresylic acide
This method had the following adventages:-

(1} The adjustment of the undiluted plasme removed the
difficulties expsrienced in the filtration of the hot
plesma-smmonium sulphate mixture.

(2) The two stages could be completed in 7 hours.

(3) By precipitation with 40% end not 50% seturation smmonium
sulphate the heat denaturated albumin in the final
product was less and the serum was clearer. |

(4) The loss of entitoxin wes reduced to 2.5%.

Homer 19191 .

From further investigetions upon the concentration of
antitoxins, she concluded thst where & serum showed a 35% or
less, heat densturetion, the second frection must be precipltaeted
by ammonium sulphate between 30 - 45% of saturation. If ammonium
sulphate of less than 45% of ssturation was not used, then some
of the antitoxin was discarded_with the albumin filtrates.
Furtper, if the lower figure of 30% was reised, some of the
antitoxin was agein lost beceuse it was precipitated with the
first frection and in such & form that it was insaluble in brine.
Homér also concluded thst where the heat denaturation was 35%
or less the entitoxin was precipiteted with saturations of
ammonium sulphata.varying between 36 - 45%. From her observations
she thought that to isolate antitoxins completely, other means

than frectionel precipltation would have to be used.
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Homer 19192.

Investigating further into the concentratlion of
entitoxin, Homer showed that the increased precipitability of
pseudoglobulin by seturations of ammonium sulphate varying
between 20 - 47% depended upon the heating of the serum. She
also demonstrated that there was no need to have a preliminary
heating of the serum. When ammonlum sulphate was used 1in
saturetions varying between 30 - 44% with hested serum, the same
results could be obtained using ammonlum sulphate iIn saturations
of 36 - 50%, and unheated serum. The heating of the serum,
however, reduced the toxicity of the cresylic acid -~ protein
complex.

Homer 1919°.

Comparing the uses of sodium sulphate and ammonium
sulphate as precipitants of antitoxlin, Homer found that there were
no oritical points which marked out the precipitation limits of
the 1ndividual proteins, and that the concentrations of sodium
sulphate and ammonium sulphate varied with the pH value of the sera.
They @lso varied depending upon whether or not the serum had been
treated with cresylic acid. She stated thet when sera are belng
heated prior to precipitation, the use of cresylic acid 1is
beneficlel, but with unheated serum it must not be used. When
sodium sulphate was ussd the agglutination of the perticles of
preclpitated protein in the euglobulin and pseudoglobulin zone
was better than if ammonium sulphste wes used. The reason for

this 1is that the sodium sulphate does not hydrolyse in solution,
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but ammonium sulphate does, and so the sodium sulphate first
frections could be heated for 4 - 5 hours at 58°C . without
losing any of the entitoxin. The end product was clearer than
that produced by the two-stasge emmonlium sulphate method.

Barr, Glenny and Pope, 1931.

-

For greater accuracy, they concluded solid ammonium
sulphete should be used in precipitetion, es the solubllity of
salts varies with the temperaturs. When a solution. of
emmonium sulphate was added to & serum, the protein filtrate
became diluted with each addition of the smmonlium sulphate
solution. The quantiﬁies of eammonium sulphate should be
expressed 1in grammes per litre of the serum, and not as a
‘percentage of saturation as thls varies with the temperature.

They found that if albumin were sdded to a serum o
greater quantlty of ammonium sulphate was required to precipitate
the antitoxin, end that the amount required increased as they
inereased the amount of albumin.

Further, they found that if two antisera, which
showed differences in sntitoxin distribution &s determined by
salting-out methods, were mixed, some redistribution of

entibodies took place.

(b) Precipitetion by Alcohol.
Mellanby, 1908.

He found thet, working st room temperastures, the

greater proportion of the antitoxin was precipitasted by a
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concentration of alcohol between 35 - 454. When working st
a8 temperaturse of 2°C. he found thet most of the antltoxin wasa
precipitated by s concentration of alcohol between l6 - 28%.
The advantage of the cold method was that the total protein
precipitated was soluble and so the whole of the antitoxin could
be recovered. At the higher temperature, some of the antitoxin
was lost through coagulation of the protein.

Mellanby also found that 1f slcohol was added to an
entitoxic serum, it did not destroy the antitoxins so long as
none of the proteins wers coagulated. When coagulation of the
proteins took place, destruction of antibody also occurred. He
concluded that, so far ss the coagulating sction of alcohol was
concerned, there is no physical difference between diphtheria
antitoxin end proteins from normal serum.

Herdy and Gardiner, 1910.

They preclpitated the proteins in asntisers by
absolute alcohol or acetons st 0°C. The product they obtained
was 8 white powder. This was washed with ether at OOG. to
remove the alcohol or ascetone. The precipltate was then extracted
with bolling ether, filtered and dried in vacuo with sulphuric
acid. This preciplitate lasted indefinitely, and when
redissolved showed the antitoxin to be present undamaged.

Moloney and Taylor, 1928,

Using verious concentrations of alcohol et various
pPH values, they found the optimum concentration factor to be

about 30%. They treated a citrated plasme whose pH value was
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5.3 with 1497 alcohol at a temperature of 40°¢. They slso found
that the same concentration factor could be obtained working
at room temperature if they used ciltrsted plesma, pH 5.3 but
27% alcohol.

Using the serum they obtained in intradermal tests upon
known serum sensitive patients, they found thet their alcohol
produced serum caused less reaction than thet'produced by the
use of ammonium sulphsate.

Merrill and Fleilshsr, 1932.

They used as precipltants for the antitoxin methyl,
ethyl and propyl aslcohol in varyling strengths, at various
temperatures and at verying pH concentrations. They found
that -

(1) Between 70 - 75% concentration there was complete
precipitation of proteins, but that the preclpitate
was almost all insoluble In water.

(2) With higher concentrations of alcohol, protein
precipitation was also complete, but that the
precipitate was readlly soluble in water.

2 (3) The loss of agglutinins was almost parallel with the
) loss of solubilitye.

(4) If the tempersturs of the serum wes raised the
solubiiity of the precipitete diminished even when
alcoholic concentrations of 90% were used.

(5) At low temperatures - 500. - all precipitates, no metter

what concentration of slcohol had been used, were
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soluble in water.

(6) The pH value for meximum precipitation 1s 6, and
precipitation is less, above and below this value.

(7) The greater the concentration of the serum, the greater
the amount of protein precipitated by any given
concentration of alcohol.

Their method for producing &n immune serum in & dry state
was:-
(1) They added one volume of serum to 10 of aocetone.
(2) The precipitate was washed with acetone and then three
times with anhydrous ether.
(3) The white powder was placed in an incubator for one hour
at 37°%C.
(4) The powder was redissolved in distilled water or
«85% sodium chloride.
They found thaet there was no loss of antibody if this
method was carried out at s temperasture of 20 - 2500. and 1f the

Incubation did not excesd one hour.

(c) Adsorption.
Muoh of the experimental work has been done on
entibodles other then diphtherie antibhodies.
Elsler and Splegel - Adolf, 1929. have studled the adsorption

of typhoid antibodies with aluminium hydroxide and elutlion with
N/10 sodium hydroxide. They succeeded in concentrating the
serum to & slight extent. When Splegel - Adolf (1932) attempted

to purlfy other antisera by the same method, he hed no successe
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Frénkel, 1932

Adopting the method described by O0litzkl and
Frénkel (1931)he prepered elutes from diphtheria sera whish
contained 12 - 24% of the originsl sntibody, but this was later
disproved by Pope and Marrack.
(d) Cataphoresise.
Mellanby, 1908.

He passed a constant current of 100 volts through
zino sulphate electrodes into an antitoxiec serum for 3 hours. He
obtained a deposit of insoluble protein on the anode. The
antitoxic value of the remeining serum was found to have remained
constant. The antlitoxin had neither accumulated nor diminished
in the remeining serum. He concluded that diphtherie antitoxin
possessed the same propertles @as normal proteins when tested by
an electric current passing through it.

When the 1insolublse mess of protein at the anode was
redissolved in sodium hydroxide, it was found to have an antltoxic
value proportional to the amount of protein dissolved - that is,
the precipitate possessed the antitoxic vslue of the original
protein.

1l &2
Paull, 1924 .

He used a three chambered cell conteining the serum
in the middle compartment, which was separated from the otheb
two chambers by two semi-permeabls membranese. The two end
compartments contained platinum electrodes placed in flowing

distilled water. When & current was passed the ions of the
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serum passed to the electrodes, the equilibrium between the
electrolytes and the proteins was disturbed and the globulins
were precipitated. The euglobulin separated first and after
prolonged electrodlialysis the pseudoglobulin was also
preclpitated, and so a globulin free solution of albumin was
obtained.
Adolf, 1924. |
Using the same method, she found thet the

precipitates produced lest in electrodialysis contained little
antitoxin, but that the amount of antitoxin inoreased as
precipitation inoreased. She cleimed by her method to be able
to remove 8l11 the antitoxin.

Wernleke, 1925.

He used the same method as Adolf, but was unable to
precipitate all the antitoxine.

(e) Enzymes.
Mellenby, 1908.

He found that if 0.2% hydrochloric acid were added
to & serum it did not destroy the antitoxin, but if pepsin were
8lso added, the antitoxin was rapidly destroyed. Trypsin also
had thls effect, but acted more slowly. He exporimented with
trypsin and found that the diminution of the amount of protein
preclipltated by ammonium sulphate after digestion with trypsin
was constant for all concentrestions of ammonium sulphate.

Pope 1938.

He obtained two pseudoglobulin solutions from one
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original anti-serum by the following method:-

He obtained & precipitate, which consisted of fibrin,
euglobulin and some pseudoglobulin, by precipitation of
the diphtheria plasme by 30% saturation with smmonium
sulphate. The antitoxlc pseudoglobulin was extracted by
solution and reprecipitetion with ammonium sulphate.

When this had been diluted to approximately 2% protein and
when 5% sodium chloride had been added, solutions of
varying pH value were obtalned end heated at varilous
temperatures to denaturate the proteins. The temperatures
varied between 58 and 6500., depending upon the pH value of
the solution. The entitoxle content was measured by'
the flocculation method and the proteiln by the Zelss
dipping Refractometser.

It was found that where the pH value had been adjusted to
eround 4.0 and certain temperstures had been used, the
destruction of antitoxin was much less than the
deneaturation and loss of solubility of protein. After
filtration, the residual entitoxin and protein were found.
The number of entitoxic units per gramme of protein was
as much as five times as meny, per gramme of protein of
the original solution.

When & similar experiment was carried out on enother
pseudoglobulin solution obtained by fractionetion by
ammonium sulphate in varying concentrations between 30 end

504, there was no increase in antitoxie units per gramme of
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protelin.

The difference betwsen the two pseudoglobulln'solutions
was that in one oase the pseudoglobulin hed been acted upon by
the enzyme fibrinoljsin, whilst 1In the other 1t had not. The
difference in the results obtained was 1n no way dependent upon
the pseudoglobulin because when fibrolyslin was added to the
sscond solution, 1t behaved iIn the same manner as the first.

He visualized the intect antitoxle pseudoglobulin
molecule as hasving two components, one non-antitoxic with e low
heat denesturation temperature end the other bearing entitoxio
properties and less easily denaturated. Under certein
condltions critical densturation, denaturates the first of these and
renders the whole molecule insoluble, but by means of enzyme action
the undenaturated protein may be split off as a soluble protein,
still hev ing 1ts specific entltoxie sctivity.

If the proteolytlc enzyme 1s allowed to act only on the
undensturated protein then, for & degree of hydrolysis which ‘v
cannot be detected as a change in the total proteln content, a
change is produced which sllows the easlly dentsursble portion
to become insoluble without interference with the other
antitoxin bearing fraction.

Pope found all proteolytic enzymes to give the same
results as fibrinolysin when employed under correct conditions.
Pope, 1939 (1)

He used varlous proteolytlic enzymes such as pepsin

(BP 1/2000 - 1/10,000), Trypsin and activated papain to digest
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the non-antitoxic protein in serum end so increase the
purity of the antitoxin. He defined true digestlon of
protein as "Its conversion into & form no longer coagulable
by heat at the 1isoelectric point of the protein (in the
presence of a suitable electrolyte) ". B _
He found the factors to be observed when true digestion
1s being considefed were:-
(1) Where the temperature was 20°C., the reaction of the
solution may be pH 3, but where the temperature was
35 - 40°C., the pH must be higher than 4. If not,
- there was marked loss of entitoxin.
(2) Where the reaction of the solution was pH 4 the ratio
of pepsin to protein must be kept high - 1/10
(Pepsin B.P. 1/10,000), if not, a precipitate was
formed and this carried out the enzyme with it. At
lower pH valued this precipitate was not formed, and
so lower pepsin-protein rstlos could be used.

(3) During the digestion by enzymes, proteoses were formed,
eand so pure antitoxin could not be obtained by salting
out methods, as these proteoses were also precipltated
with antltoxin.

He found thet not more than 90% of the original
protelin could be digested without much of the entitoxin being
lost. He 8lso found, from & study of the plasma from indlvidual
horses thet proteln digestion and antitoxin stabllity vearled
greatly, even glthough the conditions of the peptic dlgestion were
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kept as nearly identical as possible. Somse plasmas showed
marked antitoxic loss for the digestion of the first portlons
of protein while others showed sn entitoxin loss which was
constant in terms of "units per gram protein loss, per gram of
protein digested" until most of the proteln had been dlgested.
Serum from horses which had been immunlzed rapidly to s high
titre gave the best results with a simple digestion method.

The antitoxin molecule, when eltered b& enzyme action,
was more stable to phenol than that prepared by other methods.

Pope concluded that the purificetion of antibodies by
enzyme sction hed 1little advantage over salting out methods
unless it was followed by the use of adsorption procedures to
remove the inert proteins.

Pope, 1939°.

Experimenting further with enzymes he tried the effect

(1) Heating the plasma before treatment with the enzyme
(2) After slight enzyme sction, heating the serum &nd
separating the proteins by critical heat denaturation.
The second was the better method.

From his further experiments he substantiated his
theory that the entitoxic globulin 1s a complex molecule which
is composed of two proteln components, one of which is non-
entltoxlec end 1s easily denatursted 1ln acld solutions 2nd the
other which 1s entitoxlc end 1s less easlly denasturated. The

entitoxle globulin can easily be disaggregeted into 1its two
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components by enzyme action.

The second portion 1s, however, denaturated by aldohol,
acetone or urea. Pope &lso found that 1f the original antitoxilec
solution or the separsted antitoxic portion was heated to excess,
or heated in a solution whose pH velue was 3 or less, the
antitoxic property was permenently loste.

His experiments showed that the disaggregation of
the antitoxic molecule into its two component parts could be
aoccomplished by & very smell amount of enzyme in a very short
time.

| His method for concentrating antitoxin on a large

scale 1s -

The original plesme containing .4% tricresyl is diluted with
volumes of water before the pH 1s adjusted, and before the
pepsin 1s added. If toluol is added prior to heating, the
lipoids in the serum come out with the coagulated protein
when the mixture is hested to 55°C. for two hours. The
enzyme 1l1s added, and 1t 1s arrenged thet a‘true digestion
will not teke plece, 2s this would (1) produce proteoses
which would be mlted-out later in the process, and (2) make
it Impossible for differential heating to be employed to
separete the proteins. A disaggregation 1s made to take
place, and the condltlions for thils vary with the enzyme .
chosen. For pepsin 1t is & pH of 3.2 and @ temperature
of 20 - 23°C. for 30 minutes.

The enzyme actlon 1s then stopped by changing the
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pH of the solution from 3.2 to 4.1, using sodium hydroxide and
edding a high oconcentration of an electrolyte (satursted ammonium
sulphate) to precipitate some protein and the enzyme. The
mixture is now heated to the temperature which coagulates the
non-antitoxic protein. The pH of the flltrate is adjusted to
7 and the antitoxin 1s precipiteted by 30 - 32% ammonium
sulphete. The preclpitaste 1s pressed and dialysed. The finsl
product has 2 protein content of 10% and en increasse of
antitoxic units per millilitre of 8 - 12 times. The antitoxin
i1s about 60% of the original total. This 1s called "Refined
serum",

(2) Specific Methods.

The ective lmmunization of human beihgs against
diphtheris by the use of slightlyn toxic mixtures of toxin and
antitoxin was for many years sttended by unpleasent reactions
in the psatilent. These resctions were in the main due to the
presence of non=-specific poisonods substances arising meinly from
the culture medlum used for the production of the toxin, the
products of bacterisl growth other than toxin, bacterial protein
end horse ssrum. These undesirable constituents of diphtheria
prophylactics have been difficult to remove. It was Ramon (1922)
who first suggested that floccules which form when neutral or
nearly neutrel mixtures of toxin and antitoxin are left at room
temperature for some time might be used to concentrate
enti-diphtheritic sera. From this experiment much work along

these lines has evolved.
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Ramon, Ge. 1923,

To 500 cec's of fresh diphtherlas toxin he added
40 cec's of antitoxin conteining 200 units per c.ce. He
separeted the precipitate of toxin-sntitoxin floocules by
centrifuging, and then the floccules were washed, first with
physiologicel salt solution, and then with distilled water.
The preperation was next dissolved In 75 c.c's of N/100
ecetlc acid, and the mixture heated for one hour at a
temperature of 58 - 60°C. It was estimated to contsin a
concentretion of 60,000 unlts per gram of dried floccule and
to represent a recovery of 75% of the original titre.

Hartley, 1925.

He prepesred floccules in which the entitoxin was in
excess of the toxine. These floccules were insoluble in salins,
and after repested washings contained less than 1% of the
nitrogen compounds of the originel mixture. These flcccules
caused no reactlion when injected into gulnee pigs, even in
large doses.

When guinea plgs were Injected with & quentity of the
emulsion of the floccules which contained less than a
hundredth of a milligremme of floccule, they became immune to
diphtheris toxin.

Hartley found that the velue of the floccules veried
with the originel toxin-antitoxin mixture. If the antlitoxin
had been much in excess of the toxin, the flococules did not

induce a high degree of immunity in the gulnea pigs. If the
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entitoxin were only slightly in excess, then the floccules
produced good immunity. If the toxin was very slightly in
excess of the antitoxin, the floccules produced the highest
degree of immunity of these three types of floceules.
Hertley 1926.

He substasntlsted his findings on the antigenic
properties of the three different types of floccule and he
observed that the floocules formed in excess of toxin took
longest to precipitete. He also found that the solution
which remeined when neutrel floccules had been obtalned, was
also able to produce & slight immunitye.

The floccules contained less then 1.0% of the total
nitrogen in the mixtures from which they separsted. The
most sctive preparetion in his serles contsined only 0.02%
of the total nitrogen occurring In the mixture from which it
was derived.

He had some evidence that the lerge smount of
extraneous nitrogenous compounds which toxin-antitoxin mixtures
contsin, interferes with the production of antitoxin. If the
flocoules were repeetedly washed with normel seline solutions,
there was little alterstion in thelr nitrogen content and their
antigenic activity.

Antitoxin production followed the Injection of small
amounts of flococules which separste in neutral or toxic mixtures.
Thus the injection of amounts of floccules from a neutrel

mixture containing 1/4,000 of a mmgr. of nitrogen produced 0.02 -

O.1 units of entitoxin per c.c. of serum in six gulnea pigse
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Doses & hundred times as large produced Oe.l - 0.6 units. The
floccules from & toxic mixture were even more active. Doses
containing less then 1/10,000 of a mmgr. of nitrogen produced
from 0.02 - Oo.l1 units of antitoxin per c.c. of serum in
inoculeted animals and doses ten times as large, produced

from Q.2 - l¢3 units of antitoxin per c.c.

Merrack and Smlth, 1930.A

They thought that the floceules obteined from an
antitoxin~-toxin mixture resembled very clossly pseudoglobulin,
as the ultra-violet absorption curves of the floccules and of
pseudoglobulin are identicsel. They found also that floccules
contained 8 very small amount of lipoid materisl. They finally
concluded that floccules conslisted malnly of antitoxin, and that
entitoxin was not precipltated with the pseudoglobulin fraction
of a serum, but that antitoxln is actuelly pseudoglobulin.
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S U M M A R Y.

The non-specific methods of concentrating serum have
been more fully investigated then the specific methods.

The early lnvestigators used fractionation with a
reversible precipitent such as ammonium sulphete or sodium
sulphate which removed from the serum, fibrinogen, psrt of
the euglobulin and the albumin. It was soon realized
however, that this method did not produce a pure entitoxin
but a product which as well as containing sntibodies, elso
conteined lipolds, euglobulin and albumin,. Further, this
preperetion deteriorated with ege.

Further investigetlons led to repested fractionation
with ammonlium sulphate or dlalysis to a salt free condition which
was followed by dllution and adjustment of the pH of the serum
to the 1so-electric point of the weater insoluble protein-lipoid
complex.

None of the methods used produced a very concentrasted
serum when considered 1n terms of units of antitoxin per gremme
of protein. The concentrated sers produced by these methods
contained about 15% of pseudoglobulin but much of this was
non=-specific.

The early investigestions of the use of enzymes to
purify entitoxins did not give promising resultse. The attempts
were handicapped by two main reesons (a) lack of control factors

such as the reaction (pH) of the digestion mixtures; end (b)
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lack of a simple method for estimating the antitoxic content
during digestion and 1sclaetion of fractions. The introduction
of an in vitro method by Remon has led to an 1ﬁcrease In the
amount of experimental work carried out on diphtherie toxin
and entitoxin.

Pope described a method for concentrating entisera
whereby he slightly sltered the antitoxic pseudoglobulin of the
antiserum by the action of enzymes. This was followed by
critical heat denaturation of the non-antitoxiec proteins.

His conceptlon of the antitoxic globulin was that 1t is
composed of a complex molecule, one portion of which 1s
non-antitoxic with a low heat densturation tempersture and the
other entitoxlic and less easlly denaturated.

By the use of certalin proteolytic enzymes, under certain
specified conditions, he attempted to digest the non-antitoxiec
protein end so 1lncresse the purlity of the antitoxin.

In this process however proteoses were formed which
reduced the increase of purity of the anfitoxin. To remove these
proteoses adsorption methods were necessary.

He found that there was a limit to which digestion could
be allowed to progress, after which destruotion of antitoxin
took place.

The serum he obtained had a protein content of 16% and an
increased value in units per ml. of 8 - 12 times the original
serume.

Specific Methods: The use of floccules whigh
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precipitate when diphtheris toxin and antitoxin are mixed,
to induce immunity, have produced good results. Very
smll amounts of these floccules were able to 1lnduce s
high degree of immunity in eanimals immunized by this method.
The three different types of floccules have been investigeted
s to their efficecy in producing entibodies and the "toxic"
floccules have been found to give the best results. Floccules
closely resemble pseudoglobulin, which is, in the opinion
of Marrack and Smith (1930), ectuelly antitoxin.
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SECTION 11,

Serum Resactions:
Their incidence and manifestations,
together with & comparison of their
occurrence and clinical findings
-following the injectlon of
concentrated and refined diphtheria
entitoxin. -
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SERUM REACTIONS.

Definition - Serum resction 1s the reaction of the humen body

to the perenteral injection of foreign proteins contained in
enimal serum. The degree of this reactlon verles 1n different
people. In some there may only pe & few urticerial wheals,
whilst in others who are serum sensitive, there may be a
severe reaction, accompsnied with cyesnosils, ocedema, pains in
the jolnts and asn urticsris covering most of the body. The
Incubetion period variles. In the serum sensitive 1ndividual
it mey come on immediately, but the average for the non-senslitive
patient is 8 - 10 dayse. The sensltive patlient mey have been
sensltised by a previous injection of serum, by contact with
enimel protein or he may be neturelly allergic to serum
proteins. It is usuelly 1n the serum sensitive psesople that
the fatal cases are recorded.

The sudden and immediate reactions are very often
termed anaphylactlc reactions, as they are compaerable to the
enaphylaxls of sensitised enimsls.

le Hlstoricsal.

The first observations on serum resctions were
made by Dalleras in 1874, who observsed urticasrisl reshes
In patients following trensfusion with lambs' bloode. These
reshes sppeared 7 - 10 days efter the transfusion.
Shortly after the introduction of anti-diphtheritic

serum by Behring and Kitessto in 1890, and more so after
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its therapeutic value had been reported upon by Emile Roux
at the International Congress of Hygiene at Budapest (1894),
serum resctions were observed 1ln patients following 1its
perenteral administration. These reections were not new
complications of the disease, but complications directly due
to the serume.

Lublinsky (1894) first observed the symptom complex of

fever, Jjoint pains and reshes which occurred some days after
injection of the serum. Heubner end Bokey (1895) said thet
the symptom complex was due to the non-antitoxic proteins
present in the serum, and their view was confirmed by
Johannessen and Heubner (1895), who demonstreted that serum
reactions took plsce after the injectlion of normel horse
serum and so the reections could not be attributed to the
antibodies present 1in the serum.

Hertnung &8961) published the first statistics on
serum reasctions. The percentege varied from 8 - 11, and of
serum rashes there were four types (a) Urticerisl,

(b) Morbilliform, (c) Polymorphus or circinate, and

(d) Scerlatiniform. He &lso recorded two cases of abnormal
resctions after & second injection of serum (18962). Similar
reactions were reported by Denys end Leclef (1896) and

Goodall (1898) . The first fatallity after serum administration
was recorded in 1896. The chlld was an allergic individual
who had had no previous injection of serum, but was given &

prophylsctic dose of diphtherls antitoxin. The case was
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reported by Professor Langerhens.

The term serum sickness or serum dlisease was first
used by Von Pirquet and Schick in 1903. In 1905 these two
investigstors published their book "Die Serumkrankheit",
which contained a full account of the etlology, types and
symptoms of safum reactions in man.

2+ Mechanism of Serum Reactions.

Attempts to demonstrate thet the course of serum
reactions is due to an antigen-antibody reaction have resulted
In many experiments being carried out. The first important
work in this field was done by Von Plrquet and Schick (1903 -
1911) . Most of the work done since then has been towards
verification of thelr findlngs, which were meinly the
relationship between the appearance in the blood-stream of
precliplitins and the onset of serum reaction. The se
preclplitins appear in the blood 6 - 9 days after serum
injection and never before the symptoms of serum dlsease.

Von Pirquet (1911) concluded that normel serum reactions

in man occurring 8 - 12 dsys after injectlion wers analagous
to aneaphylexis in enimals, because rabbits and guinee pigs
became sensitised and antibodies appsared in the blood-stream
after & similar intervsal. He also stated that & serum
Injection repeated while speciflc antibodles are still
present in the body ceuses an immedlate reaction. After a
longer intervel antibodies may not still be present, but

the body heas been sensitised to produce antibodies more
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rapidly, causing an accelerated reaction after 4 - 7 days.

Animal Experiments.

As our knowledge of the mechanism of serum
reactions has been greatly enhanced by the injection of
animels with serum, the results recbrded by three observers
will be quoted to illustrats the value of animal
experiments.

(a) Fleischer and Jones (1931f1934) working with
albino rabbits, found that serum reaction charscterized by
erythema and osdema was apparent in the ears of 68.9% of
rabbits, 3 - 9 days subsequent to the subscapular injection
of horse serum. They could not discover any evidence that
the occurrence of serum resction was directly essocisted with
the production or appearence of precipitins. There was no
difference 1n the precipitin curves of Injected rebbits who
did or 4id not develop serum reaction. The varistion in
Incidence of serum reactlon using serum from different horses
was 24 - 93 per cent. and they concluded that the active
factor 1s present in all sera, the lmportant factor in
production of serum reactions being the reactivity of the
Individual rabbits.

In resctions after 2 second injectlon the time
between the first and second 1Injection 1s the important
factor, up to 12 days a normal resction occurrsed, between
2 - 4 weeks reactions wers of the accelereted type, from

5 - 7 weosks there werses both lmmediste and accelerated
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reactions, and from 3 - 5 months only immediste reactions
occurred. After 6 months reactlions tended to revert to
the normal type.

"These reactions in rabbits are essentislly analagous
to reactions appeering in man subsequent to second
injections of serum."

Fractlonal precipitation of serum with ammonium
sulphate proved that the pseudoglobulin was primerily
concerned with the cause of serum resction, esuglobulin only
when 1t was Injected in lerge quantities and albumin not at
all. Abnormel reactions after second 1njection were aqually
frequent with pseudoglobulin and euglobulin, rare with

albumin.
l &2
(b) Kahn (1933 ) elso experimenting with albino rabbits

found that following the injectlon of white of egg or horse
serum, skin sensitivity reactions and serum precipitins
were persllel for some weeks, while a month or more laster
skin sensiltivity reactioné were still present in the absence
of serum precipitins.

Mechsanism of Serum Reactions in Man.

To substantiate the assumption thet serum resctions
in man ere due to an antibody-antigen reaction, it must be
proved that (a) following the parenteral administration of
antisera, 8 specific entigen appears in the blood plasma
(b) where serum resctlons follow specific entibodies appear

in the blood-stream (c¢) whers no serum reasctions follow,
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no antibodies are elaborasted or if they are, thelr presence
cannot be detected in the blood-stream.

(a) Presence of a Specific Antigen in the Blood-Stream.

Longecope and Rackemann, 1918, concluded that during

the incubation period of serum disease the amount of antigen
present in the blood-stream remains constant and is dependent
upon the amount of serum administered .

Mackenzle and Leake, 1921, using serum from rasbbilts

which hasd been lmmunized against horse serum, preclpitated out
of humen serum the horse serum present in 1it, after the
patient had received anti-serum derived from horses. In
eleven of the patients who developed severe serum reactlions,
the horse serum (precipitinogen) disappeared from the human
serum when the symptoms of the serum reaction were passing off.
Where the patients developed no resction, the precipltinogen
remained in the blood for as long as the observations wers
carried out (two months).

Mackenzle and Hangar, 1930, proved that horse serum

can be found in the blood-stream for 2 - 3 weeks following
administration, but 1f 8 serum reactlon occurred, it rapidly
disappeared.

(b) Presence of Antibodies.

Wells, 1915, demonstrated the presence of precipitins

in the blood plesma 4 - 5 days after the administration of
antiserum. He thought thet the concentration of the

precipitins increased with the amount of entiserum given and
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that the symptoms of serum reactions disasppeared when the
precipitins were liberated.

Longcope and Rackemann, 1918, wers of the opinion

that serum reactions were not due to the sppearance of
eantibodies in the blood plesme, but that the antlbodles
neutrallzed the antigen and so the pastient recoversd from
his serum resction.

Mackenzie and Leake, 1921, tested for precipitins

by adding en equal volume of normsl saline to & quantity of
patlents' serum and precipitated the precipitins by various
dilutions of horse serume. In eleven patilents who had severe
serum reactions they found a high concentration of precipitins
and thls concentration rose near the time when the symptoms
were pessing off. In four patients who had mild serum
reactions the concentretion of the precipitins was very low

or absent.

Wyard, 1922. From 35 cases he found by precipitation

with horse serum, specific entlbodies in 24 cases. He was of
the oplnion that although precipitins may be found in the
patientts serum, serum reactions hasve no relationship with them.

Tuft and Remsdell, 1929, conducted meny experiments

for the presence of antibodles by precipitation and passive
transfeore. They obteined blood from pstients at different
intervaels followling injectlion or antitoxic and immune horse
serume Their results showed thet, where resasctions occurred,

entibodlies were demonstrsble in meny of the patients' sera by
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means of the Prausnitz - Kustner reaction, and also that
passive sensitisation of gulnea pigs! ear skin could be
produced.

Meckenzie and Hangar, 1930, demonstrated the presence

of precipitins In human sers from non-sensitive patients

9 - 21 days after the Ilnjectlion of the anti-serum. They
thought that shortly after the injection of serum the cells

of the body began to produce precipitins which remsined
intracellular. At the end of the incubation period, the
concentration of the precipltins was such that it reacted with
the horse serum in the blood-stream. Where serum reection
took place, the precipitins were in excess in the patient's
serume.

(c) Absence of Antibodies where no Serum Reaction occurs.

Longcope and Rackemann, 1918, considered that it was

impossible for serum reaction to occur if no sntibodies could
be found in the petlent's serume.

Mackenzle and Leeke, 1921, in four cases where no

serum reaction occurred, were ung2ole to demonstrate precipitins
in the blood-stream.

From the observations made above it will be seen
thet there is considerables experimental proof that serum
reactions are dependent upon an antlbody - entigen reaction.
Coca, 1931, has, however, been sble to demonstrate the presence
of precipitins in the blood before and after the occurrence of

symptoms and also in the absence of reactions. He also has
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shown that symptoms could occur without precipitins being
present.

It might be that the elaboration of antibodies depends
more on the individual then on the serum injected, but there 1is
no doubt that eantibodles do appeer in the patient's serum. The
presence or absence of demonstreble antibodies must depend a
great deal upon the patient. In one patient, who shows serum
reaction, the shtibodies might only be in slight excess and so
thelr presence might not be detectable; in another with no
serum reection, the antibodies might be in great excess and

easlily demonstrsble.

Conclusions.

Following upon the parenteral adminlistration of
foreign serum in men, antigens can be demonstrated iﬁthe blood.
During the incubation period there is a gradual forma£ion of
specific entibodies iIn the speclal cells of the body
(reticulo-endothelial system, skin, etc.). The process mey
end there, but in certain cases, for no spparent reason, a
reaction takes place between the sntigen and the specific
antibody, histamine is libereted in the tissues and the onset
of the ssrum reaction occurs. The antlibodles extruded in
excess from the cells into the blood neutrslize the antigen
snd so the symptoms of the reaction diminishe. Some antibody
remains in the cells for & prolonged period. This can be
demonstreted by skin sensitivity testse. When & second

injection of serum is given, the lncubation period is reduced



46 o
because there ls some antibody already present in the tissue
coells.

3¢ Serum Reections in Man.

A. Types bf Resction (Von Pirquet and Schieck, 1905)
(1).Norma1: After primary injection snd a latent
period of 7 - 15 days.
(11) Accelerated: In which the latent period is
reduced to less than 7 days. This type
usuelly follows the reinjection of serum
after & period of several months (7 months
to 7% years in Von Pirquet's serles of ceses).
(111) Immediate: Occurs within 24 hours from the time
of administretion and occurs usually where a
previous injection of serum has been received
from 2 weeks to 6 months previously. (12 - 50
days in Von Pirquet's series) .
The latter two groups mey be termed abnormal reactionse.
Coca, 1931, differentiates the immedlate type of
reactlon which occurs 1n sensitive patients after a primary
injesction of small quentities of serum into two clesses:-

(1) Where the reasction occurs within & few hours and
where the symptoms ere simlilar to those
developing 1n the normal reinjected pstbnt.

(11) The severe and occaslonally fatal immediaste reection
which occurs within a few minutes, characterlzed

by dyspnoes, cyanosis, vomiting etc.
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B. Factors which influence the Incldence of Serum Reactions.
(1) Age: There is difference of opinion on this
subjeat. Coca (1922) states that the incidence of
serum reactlions varies little et different eges.
Goodall (1928) 1s of the opinion that the rate is
highest in young people. Hunt (1932) found the
incidence highest in the 10 - 20 age groupe.
Hecksher (1926) recorded thet with large dosss of
serum the Incldence and ssverity of serum reactions
Increases with age.
(11) Sex: Goodsll (1928) in cases trested with
unconcentrated diphtherla antitoxin found a
higher proportion of reactions in femeles than
males.s With refined serum, the reverse was
observede. The general concensus of opinion 1is,
however, thast sex has no influence on the incidence.
(111) Resce: Mackenzie and Hanger (1930) found a low
incidence of serum reactions in negroes and North
American Indlens. Coca,Delbert and Menger (1922)
observed in & series of cases that 46% of American
Indians end 75% Whites developed serum reactions.
The Indiens had & milder resction than the TWhites.
(iv) Amount of Serum injected: Broadly spesking, the
incldence of serum resctions is directly
proportionel to the amount of serum injected. This

fect 1s substentieted by the results of
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Sturtevant (1916), Goodall (19228) and Hunt (1932). Hunt's

figures for diphtherle serum were - under 10 c.o's

of serum injected, the incidence was 14.3%; where

over 100 c.c's were injected, the lncidence rose

to 61.7%.

(v) Type of Serum:

(8) Whole and concentrated.

As has been demonstrated ebove, antitoxin 1is
mainly assoclested with the pseudoglobulin fraction
of serum protein. The various methods used to
isolate this have been described. With
concentreted serum the bulk of serum injected 1s
diminished as more units of antitoxin are present
in each cublc centimetre of antitoxie sefum.

Toomey and August (1930) reported on & large series of
cases treated between 1924 - 1929. With
unconcentrasted serum the percentage was 1l0.6 and
with concentreted serum 1t was 16.6. The higher
dosage employed in recent years mey account for
this.

A full investigation into the incildence of serum
reactions following the administretion of
unconcentrated and concentrsted serum was
published In the M.A.B. report of 1928 - 1929,
During 1925 - 1926, 711 cases received

unconcentrated serum (400 units of antitoxin per c.c)
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The percentage of serum reactions was 44.3
During 1926 - 27, 770 cases received 75%
unconcentrated serum and 25% concentrsted
serum, and the percentage reaction was
reduced to 31.4%. From 1927 onwards
only concentrated serum was used (800 - 1000
units per c.c), and the incidence of serum

reactions fell to 15.7%.

Variation in incidence of serum resctions with

concentreted and unconcentrated sers.

Percentage of Serum Reasction

Author Type of Serum  Unconcentrated Concentrated
Park and Throne Diphtheris A.T. 70.C 46.0
(1906)
Ronaldson (1923) Diphtheries A.Te. 765
Von Pirquet &nd Scerlet Fever - 856.0
Schick (1926)
M.A.B. Report Diphtheria A.T. 44,3 15.7
(1928-29)
Goodall (1928) Do. 40.1
Toomey and August Do. 10.6 16 .6
(1930)
Cecil and Plummer (Intravenous 53-92 20.6
(1930) Pneumococcel)
Hunt, (1932) Diphtheris A.T. 28.1
Davis (1938) v Do. 17.3
Belvidere Fever Doe. 9.9

Hospitel (1830-36)

Present Investigsation Do« (refined) 2.4



50
(b) Sera derived from Animals other then the Horse:
Diphtherla and tetenus entitoxins have been
derived from immunizing cattle. Krsus et al
(19211 & 2) found only 4.5% of resctions in a
series of 198 cases treated with diphtheria
antitoxin derived from cettle. Of the 198
ceses, 93 had hed a previous injection of
horse serum, and of thls number the
percentage reasction rate was S5.3.
(¢) Homologous Sera:

These ere rare but do occur. Dooley (1932)
reported 8 case of & boy who was given,
intreamuscularly, 45 c.c's of pooled
poliomyelitis convelescent serum. The
petient developed & generaslized urticaria,
oedeme of the fece end a mlld srthritis three
days later. One month later he showed skin.
sensitlvity to the same batch of serum but
to no other. Tedstrom (1934) reported s
case where a blood donor, who, st the time of
transfusion, was suffering from urticaria due
to strswberrles, transmiﬁted the urticaris to
the recipilent. The urticsrla developed in
the patlent in thirty minutes. A transfusion
was dons some time later when the donor's

Vurtioaria haed passed off, and this time the
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recipient did not develop urticaria.
(d) Serum from certein horses would appear to cause
a8 greater incidence of serum resctions than
others (Goodall, 1928; Coca, 1931).
The preactice nowedays 1s to pool all sere and
so eliminate this fector.

(e) BSome types of sere produce & higher rate of
reactions - pneumococcel end anti-scarlatinal
sere. The figure from the scarlet fever
case reports in Belvidere Hospital during
the years 1930 - 36 was 10.7% ageinst 9.9%
for diphtherie. The reason for the
difference mey depend upon the concentration,
the amount and route of administration.

(vi) Preéence of Preservative: This does not influence
the number of resctions occurringe. It hes no
sction on the sensitising property of horse serum
(Rosenau snd Anderson, 1907), nor does it cause
reactions (Park, 1913).

(vii) Hypersensitivity of the Individuals
(a) Previous Serum Injections.

Both Currie (1907) snd Sturtevant (1916)
found no proof of en increased reaction
rate 1f the serum were sdminlstered in two
or more injectlons, provided thet the

interval between the first end leat dose
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did not exceed 8 - 10 days. The latent

period 1s not reduced and the duration of

the reection is not increased.

Where a second dose of serum is given after a

period of more than 10 dsys the percentage

of serum resctions is definitely increased.

Author No. of No Previous Serum Previous Serum
a Cases % of Reactions Type of
Reactlions
Stewart, 1926 v 6 TeAeTo 100
Spicer, 1928 164 13.4
45 DiphvoTo 17 .8
28 TeATe 14.3
Goodall, 1928 8,523 39.5
203 Diph.A.To 635
Gordon and Creswell 1,750 16.C
1929
151 Diph.A.T. 43.0
556 T.A.T. 74.1
Toomey and August 63 Diph.A.T. 26.4
1930
42 TeAeTe 45.0
Belvidere Hospltel 6,046 8.6
Case Reports 1930-36
554 Diph.A.T. 18.4
120 Sc.Fev.A.Te 36 .6
Present Investigatlion 884 2.4
96 2.1
20 5.0

Note: Diph. A.T. = Diphtheria Antitoxin;

T.A.Te = Tetanus

Antitoxin; and Sce. Feve A.T. = Scarlet Fever Antitoxin.
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(B) Previous injection of TeA«Te, TeAsM., otc:

Gordon and Creswell, 1929. As noted above,
they reported a 74.1% of serum resctions in
children who had previously been immunized
with T.A.T. The high incidence wes thought
to be due to the children's having received
severel small doses of horse serum.

Park 1928. In his opinion, previous
Immunization with materisl contalning small
doses of horse serum had little effect upon
the incidence of serum resctions.

Fleming and Petrile, 1¢34. Notlng the fact

" theat most immunizing solutions consisted
meinly of formallzed toxold solution with
little antitoxin present, they were of the
epinion that this fsctor (previous
immunizetion) would shortly be eradicated
as a possibility in 1lncreasing the
percentage of serum reasctions.

(C) Naturel Allergy to Horse Proteins -
See section on serum accidents (Page 64)
(vii1) Methods of Administretion: Opinion varies

es to whether serum reasctions are more
frequent after Intrevenous injection or
after intre-muscular injectilone.

Coca, Deibert and Menger (1922), stated
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that resctions are much more frequent after
Intrevenous injection than after intramuscular.
In one series of 367 cases the incidence was
92.4% after intravenous administrstion of the
serum (Boston City Hospital).

Heoksher (1926), dealing with e series of severe
cases of dlphtheria considered that reasctions
were less frequent with intravenous than with
intremuscular therepy.

Masokenzie and Hangsr (1930) could find no definite
difference between the two methods.

Hunt (1932) found thet reactions were more frequent
efter intresvenous therapy and that the reaction
was usually of the immedlate type.

London County Council Report (1936) stated that
resctions may follow the adminlstration by any
route, but were more frequent when the serum was
given intrevenously.

When considering the "pros" and "Cons" in connection
with intravenous therspy we must bear in mind two
points -~
(a) Intrasvenous injection is ususlly only resorted

to when the patient 1s very 11l and requires
e large dose of serum.
(b) The immediate reactions mey be of the thermal,

non-antigenic type, and so should not be
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classed as serum resctions.
Ce Signs and Symptoms of Serum Reaction:

Since the introduction of concentrsted sers the
incidence of serum reactions has definitely
diminished. The verious menifestations of serum
reactlon can be classiflied under the following
headings:-

(1) Prodomel Period. The prodomal signs may come

on &8 few days before the rash appesarse.

These sligns are, usually, sweeting, drowsiness,

oliguria (Ronaldshn, 1023) and elevation

of temperature - up to 106°F{Coca, 1931) .

(11) Loeal Rash. This usuelly appears between the
second to the sixth dey and before the general

rash (Coca, 1931; Brey 1937).

(111)Generelized Rash.

(a) Day or onset. Hunt (1932) found that 85.8%
appesred before the eleventh day, the
averege being between the 5th. and the
15th. day, and the day on which most rashes
appeared was the %th. day after the
administration of the serum.

Coca, Deibert and Menger (1922) in a series
of 223 cases found en 80% incidence of rashes.
70% of these appeared between the 1st. and
the J30th. daye.
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Goodall (1928) observed rashes from the lst.
to the 29th. day.

Roneldson (1923) reported a cirscinate rash which
appeared on the 33rd. day

Goodall (1932) observed en erythemetous resh on
the 40th. dasy.

Belvidere Hospitel Case Records (1930-36):
The days on which most reshes sppeared were the
8th. and 9th., reshes still developed up to the
18th. day, end 98% of rashes occurred before the
13th. dey.

(b) Types of rash. From two serles reported by
Davidson (1915) and Goodall (1928) the
percentages sre:-

Morbilliform, 16 - 30% of s8ll reshes.
Urticarial, 57 - 77.6% ,, ’s
Circinate, 7 - 12% s ’s
Urticariesl appeer first, average, 9th. daye.
Mbrbilliform ss Second, s 12th. ,,
.Circinate ,s last, s 14th. ,,
Stanley (1932) reported 52% erythematous rashes
and 26% urticarial.
Figures from the Belvidere Hosplital:
Diphtheria Case Reports (1830 - 36) are:-
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Urtiosrial, 86.5¢ of all reshes;

Erythemetous, 4.7% ,, ’s
AMorbilliform, 4.2 ,, ’s
Circinate, 2.3% ,, ’»
Polymorphus, 2.3% ,, ’s

end for the time of appear ance:-
Urticerisl appear first, everage 8th. dey
Erythematous ,, second, s> 9th. ,,
Morbilliform ,, third, s lo0th. ,,
Polymorphus ,» fourth, s 1lth. ,,
Circinate s last, s 12th. ,,
(¢) Recurrent Rashes. These were more common
after the sdministration of whole serum.
Davidson (19133 found in his series an
incidence of 3.6% but in the Belvidere Hospital
Diphtheris Case Records (1930 - 36) the
incidence is 1%.

(iv) Arthritis. TFollowing the sdministration of
whole serum &n incidence of 1 - 3% has been
reported and in 14 - 20% of all serum resctions.

Coca, Deibert and Menger (1922), reporting upon
a series of 223 cases, found arthritis in
3674 of the cases.

Bray (1937) observed that the commonest joints
to be affected were the interphalangesl joints.
The patient complains of pein end tenderness

in the joints, but swelling is slight or ebsent.

Boots and Swift (1923). Six out of ten cases
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which had recelved Type i pneumococceal
enti-serum intrasvenously developed arthritls.
Four of the pastlents had pain and swelling
of the knees. The knee jolnts were
aspireted, and in two of the cases horse
serum was found in the aspirated fluild.
(v)Oedema. This occurs usuelly in the loose
| tissues of the face and hands.
Sturtevent (1916), Davidson (19191), and
Meckenzie and Hengar (1930) found this
in 4.8%, 7 - 8% and 33% respectively of
rescting ceses. Oedema in other regilons
is rere, but it does occur in the mucous
membrane of the bronchi, the bowel and the
conjunctivae (Devidson, 19192; Coca, 1931) .
(vi) Adenitis. Von Pirquet &nd Schick (1905)
noted the presence of an inguinal adenitls
on the side nesrest the seat of injectlon of
the serum. This usually occurred during the
first 7 days following the injectlion and
prior to the appearance of the rash; as the
symptoms of the serum reactlon subslded,
so also did the glsnds.
Rolleston (1908), investigating a lsrge series of
diphtherlie ceses where the adenltlis due to the

divhtherls had subsided, found adenitls duse to
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the serum to occur in 9% of cases. in 111

- out of 133 cases reported, the fauces were

normeles Most of the cases cccurred within

the second week. He reported that serum

. adenitlis 1s more frequent after severe

attecks of diphtherie then after mild, and

may ocour &t any age, whereas the late

adenitlis of diphtherias bears no relation to the
severity of the asttack and 1s confined to

young children.

Coca, Deibert and Menger (1922) observed a 19.5%

incidence of edenitis in a series of 223 cases

treated et the Hospltal of the Rockefeller

. Institute.
Davidson (19191) gave as his findings 5% incidence

of adenitis following the edministration of

. antlserume.

Albuminuria. Sturtevent (1916) found a

~percentage of 7 1in cases showing serum

reection.

Davidson (19191) concluded that albuminuria had

no relstlionshlp wlth serum disease &nd
occurred in only .4% of reactions and after

the first injection of serum.

Mackenzie end Hengar (1930) are of the opinion

thet albuminurie associated with serum
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reaction 1s due to temporary impairment
of renel function, during which chlorides
are retained and the volume of urine
pessed is diminished.

{viil) Fevers This occurs in about 30% of
reactions 1n cases treated with whole
serume. The average temperature is
100 - 102°F. and the fever 1s of the
Intermittent typs. The highest incldence
of fever reactlon 1s assoclated with the
morbilliform and circinate types of rashes.
(pavidson 1915% Mackenzie end Hengar 1930;
Bray 193%)

(1x) Blood Changese These ars not characteristic
and depend e great deal upon the nature of
the 1llness.

Von Pirquet end Schick (1905) found, in
children, a leucocytosié during the
incubation period eand a poly-morphonuclear
leucopenia with the onset of the symptoms.

Mackenzile and Hangar (1930) observed in some
cases a8 leucocytosis and an eoslinophilia
towards the end of the symptoms.

(x) Orchitis and Abdominal Paine.
Rolleston (1924) quotes three cases from

French observations of orchitls, but the
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condition is not a common one.

Goodall (1925) reports s cese of a boy
of 10 years, suffering from severe
diphtheria, who developed urticeria
on the 13th. day after serum injectlion,
ebdominel pein and arthritis on the
18th. and 19th. days, and acute bilateral
orchitis on the 20th. day. A recurrent
erythema tous rash appeared on the 22nd.
and 32nd. dayse.

(x1) Neurologicel Complications. These were
first reported upon by Roux, Martin and
Chaillons at the Budapest Medical
Congress of 1894.

Allen (1931). Reviaewing the litersture
on this subject, he states that over a
period of 40 years only gbout 50 cases
have been reported and these were msainly
in French literature. One case is
reported in England in 1918 by Dyke. Allen
divided the cases into four groups:-
(a) Radicular Type - Erb-Duchenne paralysis
of acute onset.
(b) Neurotic - Single nerve trunks affected.

(¢) Polyneuritic - Resembles toxic poly-
neuritis.
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(d) Intrsoranial - Probably due teo
Cerebral Oedema.

The neurltis 1s due to oedema of the‘peri-
neural tissues and there 1s a compression
paralysis,. Recovery 1s slow, but a good
prognosis can be given. (Foster Kennedy,
1929; Gordon 1932) . |

Young (1932), reporting upon 7 cases, found
an aseptic meningitis involving the central
nervous system.

Wilson and Hadden (1932) describe six cases
of multiple neuritls following the
sdministration of tetanus end diphtheria
serum. They found that the upper cord of
the brachial plexus was most often involved.

Doyle (1933), analysing 49 cases, found that
34 followsd tetenus entitoxin, 7 diphtheria,
5 scarlet fever, and 3 pneumonis, anti-serum.
44 of the casas were meles and 5 were femalese.
The average age was 27. Onset of symptoms
occurred most often on the 9th. day after
injection and about 2 days after the
reaction had been present.

Cethala, Garcia, Gabriel snd Lsplane (1934),
describe & case of a woman of 25 years who

haed had a previous injectlon of anti-
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diphtheritic serum, and who, on beling
given 60 c.c's of anti—scarlétinal serum
developed recurrent urticaria and
multiple neuritis on the 1l4th., 57th.
and "73rd. day.

Roger and Pailles (1936) defime 3 cerebral
forms which mey occur (a) Isolated
paralyslis of the cranial nerves, 1inoluding
optic neuritis, (b) Cerebral symptoms in
the course of general paralysis and
(¢) Isolated encephalopathy in the form of
hemiphlegla, choreiform movements and
various psychical symptoms.

(x11) Arthus Phenonema.

Gatewood and Baldridge (1927) report 6
cases who had repeated Injectlons of
serum and developed pain, redness and
swelling, which progressed to actual
necrosis. This 1s more llable to occur
if the relnjection is given during & serum
reasction from a previous dose of serum.

Dudgeon (1927) reported a similsr cese in a
horse sensitlve adult who was gilven
subcutaneous doses for porposes of

desensitisation.
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(x111) Serum Accidents. Severs and fatal

reactions following the sdministration
of serum are rare. They come on
‘within 2 - 3 minutes of the giving of
the serum, end if death does follow 1%
is usuelly within 5 - 10 minutes.
According to Lamson (1924) these severe
reactions are most common in patients
who have not been sensitised by a
previous injectlion of serum, but who,

"~ 1f they had been tested by skin tests,
" would have shown reasction to horse serum.
- From & series of 41 cases he found that
© 34% had a history of assthme or hay fever

and thet 19.5% haed had @ previous
injection of serum.

Park (1928) has estimated the number of
fatalitles occurring after the
administration of serum, and being
directly due to the serum, to be 1 in
50,000.

Ratner (1930), sensitised guinea pigs
by inhalations of horse dander and
induced serum shock in the same

enimals by injecting them with horse
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gserume. He thought thet & similar
sequence might occur in men.

Bray (1937), thought that the severe
reactions to a first injeection of serum
might be caused by the patlent's having
been sensitised by lying on horse-hailr
beds or chalrs.

Walker (1917), proved that although & person
mey suffer from asthma it did not
necessarily mean that he would exhibit
signs of serum reaction when he was
injected with serum. His findings were:
20% of esthmwetics were sensitive to
horse protein, but only 4% reacted to
horse serum.

In man the traein of symptoms in all casges
of serum reasction which prove fatal, 1is
remarkably constant. These are dyspnoea,
cyenosis, restlessness, coughing and
extreme anxiety. These are later
followed, 1n casss where death comes
slowly, by headache, urticarla and oedems.
The actusl cause of death 1s usually
resplratory fellure, the heart continuing
to beat even after respiration has ceased.

The post mortem findings are, there is
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pulmonary emphysema with enormous
distension of the lungs, dilatétion of
the right heart, genersl venous stasis
and visocerel congestion (Boughton 1919;
Bullows and Jacobi, 1930).

The me jority of fatal ceses have followed
the Intrevenous injection of serum, but
this is not always so.

Boughton (1919) recorded & case where the
patient died efter having received only
one minim of horse serum lntravenously
as a desensitising dose for horse asthma.

Park and Bolduan (1908) describe a case of
a young man of 16 years who received his

serum subcutaneously. There was no

immediste reactlion and the doctor left the
room. A few minutes latef he returned
to find the patlent dead, apparently due
te the serum.

Freedman (19351) described a fatal case in
an asthmatic child following the
administration of 0.05 c.c's of horse
serum intracutaneously for desensitisation
purposes.

(xiv) Severe Serum Shook with Recovery:

Numerous cases have been recorded of patients
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who were, and others who were not,
sensitised by previous injeotion of
serum; simlilarly, where the patlient was,
or was not, allergic to horse serum.

Park and Bolduen (1908). A young man with
8 negative history, suffering from
diphtheria, was glven 5§ c.c's of serum
subcutaneously. In about two minutes he
felt tingling sensations, falntness and
& sinking feeling. He quickly became
ocyanosed, had a rapid pulse end then
passed into coma. He was given strychnine
and artificial respiration and he
recoversad.

Fawcett and Ryle (1923) . The petient had
had enti-diphtheritic serum 19 years
previously. On being given 50 c.c's of
antlstreptococcal serum, he developed
symptoms on the 8th. day. These were
dyspnoea, urticaria and oedema of the face.
Adrenalin was administered, and the
symptoms passed off in 20 mlnutes.

pudgeon (1927) . A known asthmetic who was
sensitive to horse serum was gilven 0.256
c.c's of normal horse serum subcutaneously.

Five minutes later he developed oedema of
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the face, dyspnoea, cyanosis and then
fell into coma. An hour later s
diffuse mottled rash appeared which
persisted for 12 hours. The pstient
made & complete recovery.
De Desensitisation;

As it 18 known that the administratlion of small
doses of serum desensitlses animels and prevents
anaphylexis, 1t was thought that the same
principle could be applied to mane.

Gordon snd Creswell (1929) concluded that
desensitising of horse serum sensitive patients
prevented immediate resctions, but had little
influence on the development of lete serum dilsease.

Battley (1931) reported a case of severe serum shock
after an injesction of serum in & patient who had
been desensitised 17 days previously. He
concluded that a longer period 1s necessary for
desensitlsatlion then 1s usually allowed.

Method of Desensitising:
Desensitisation 1s baded on the partition of
the dose and slow administration of the serum.

The routine to be adopted is: primery injection

of ¥ c.c. of adrenslin (1 in 1,000) and
atropine sulphete gr. 1/100 subcutaneously.
This is followsd by 0.2 ce.c's of a 1 1n 10
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dilution of the therapeutic serum given
subcutaneously. If, sfter half-an-hour, no
reactlon is observed, 0.5 c.'s of undiluted
serum mey be given intramuscularly, and 1if,
after another half-an-hour has elapsed, no
reaction has occurred, the full dose of serum
may be given intramuscularlye. If reaction
should ooccur at any of the stages, the dose
should be reduced and the process continued
over a longer period (Bray, 1937; Fleming and
Petrie, 1934; L.C.C. Report, 1936).

If the preliminary injectlon 1s given into the
forearm and a general reaction occurs, thils
ean be minimized by the application of a
tourniquet to the arm. This prevents the
eantigens from entering the general circulation.
This method has been used following an acute
reaction in an allergic infant who was beilng

Schick Tested (Freedman, 19552).

E Prevention and Treatment of Serum Reactions:
(A» Prevention. The serum to be used must be
consldered.

Eerly observations revealed that serum from
certalin horses was more apt to cause serum
reactions than others, end elso that freshly

drawn serum cgused reactlons more frequently
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than thet which had been left for

longer periods.

Serum stored 1n excessive co0ld or heat

had also the same fault. Nowadays

serum ls pooled from several horses, is
'kept for some tlime before use and the
storgge temperature 1s carefully regulated.

concantréted serum 1s now generally used,

and this{ as has been shown, in consequence
of 1ts lower content of non-specific substance,
hae lessened the incidence and severity of
serum reactions.

Inquiry should always be made from the patient
Yor relatives) for & history of sllergy or
previous’injection of serum. Desensltisation
should be carrlied out if a positive answer 1s
obtained, as thls lessens the possibility of
the rere acute shock in the horase-serum
sensitive individual.

If a petient 1s known to be senslitive to horse
serum, serum derived from another animal
should be used - bovine or goat. Certain
drugs have & preventive action:-

Anderson end Schultz (1910). They found
that by using etropine sulphate, adrenalin

end choral hydrate, snd inhalation of oxygen
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in anaphylactic animals who were given serum,
they could reduce the incidence of resctions
to 28%, 41% and 43% respectively. Park (1913)
and Bray (1937) both sdvised the injection of
atropin sulphate and adrenslin hydrochlorilde
(1 in 1000) in known or suspected sensitive
patients. |
Arvray (1933), advocated the orel administration
of ephedréne chloride teblets (1 to 3 og.
asccording to age) one hour before the serum
was glven, and every 16 hours for 14 days
thereafter.
Mercier (1934). He reduced the incidence of
reactions in & series of cases to 6%. To each
patient he geve an intramuscular injection of
camphosulphate and ephedrene.

When serum 1s being given intravenously, 1t
should be heated to blood heat and injected
very slowlye. It mey be diluted with saline
or gluooée, end 2-5 minims of adrenalin
hydrochloride edded to 1t.

No matter how serum is given, adrenalin
hydrochloride (1 in 1000) should always be at
hend on the serum trey.

B. Treatment:

(1) Serum Shock. Treatment must be immediate
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to relieve the respirstory distress.
Artificial respiration, inhslaetion of oxygen
and carbon dioxide, and iInjection of adrenalin
to reduce the bronchial spesm, have all been
tried with success even where the petlent was in
ooma (Mavor 1934; Grent end Scott, 1934).

Hurst (1934) . He recommended an 1initiasl dose of
2-3 minims of adrenelin (1 in 1000) followed
by one minim every 30-60 seconds, according to
the resction of the patient, until recovery
ensued.

(11) Serum Resctilon.
Acute urticaris and oedeme of the tissues
usually respond well to injection of % to 1 c.ce
of sdrenelin. Cooling gpplications, such as
calasmine lotion ere welccmed by the patlent.
(Curphey end Solomon, 1936) . They recommended
large doses of calcium in an sssimileble form
(10 to 20 c.c's of 20% celcium gluconate
intrevenously and 1C c.c's of 10% solution
intremusculerly, as soon &s the rash eppesared -
the intramusculer injectlon to be repeated
every 12 hours if necessary) .
Most serum reactions do not require more than

local treatment, but salicylates do help in

cases of arthritis.
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SUMMARY AND CONCLUSIONS.

The types of serum reactions ococurring in man

are:

Normel - efter primery iInjectlion and a 1aten£

vperiod of from 7 - 15 days.

Abnormel - in a sensitised individusl, which may
be immediate, occurring within 24vhours, or
sccelersted, when the latent period 1is
2 - 6 days.

Serum accidents or serum shock - the severe but
rarely faetel reactions which usually ocour
immediately after Iinjection in a horse serum

" sensitive or sllergic person.

The main factors Influencing the incldence of
serum reaétions are:

The quantity of serum glven.

The type of serum - unconcentrated or
concentrated.

Presence or absence of sensitivity in the
patient due elther to previous serum
injection or natursl horse serum sensitivity.

The method of asdministration, intravenous or
intremuscular.

An eaccount hes been given of the

menifestetions of serum reactiocn 1n men snd
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their incidence. The question of
desensitisation 1n men eand the prevention
and treatment of serum shock end serum
reactions has been dlscussed.
The results when "Refined" diphtheria

entitoxin was used are reported in the next

section of this work.
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Anelysis end Comperison of the Incidence end

Manlifestations of Serum Reaction ocgcurring in

e Serles of 6,720 Consecutive Cases of

Diphtheria treated with concentreted

Diphtheris Antitoxin, eand 1,000 Consecutive

Cases of Diphtheria treated with refined
Diphtherie Antitoxin.

» All the cases were treated st the Belvidere (City of
Glesgow) Fever Hospitel. The 6,720 represent all the
ceses of diphtherls in the Hospitel during the years 1930
to 1636 inclusive. The 1,000 ceses treated with refined
entitoxin were in the Hospitel during the period August
1937 to April 1939. |

Definition of Reactions.

For the purpose of this analysis, serum resction is
interpreted es including any reasction which may be ,
ettributed to the injected serum, apart from the immediate
thermel reection after intravenous therapy.

Serum reactions are therefors divided into:-

(1) Local reaction where the rash is limited to the

site of serum injecticn.

(2) Genersl reection ; results of reasction due to
circuleting serum, including rashes occurring

gpart from the site of injectlon and symptoms

such as fever, oedems &and arthritis, which mey

occur in the sbsence of a rash.
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Analysis of Serum Reactlions.

Concentrated Ref ined
-Serum Serum
Total Number of C8S6Secesesese. 6,720 1,000
Totsl Number with no Serum
Reactioneessees 6,050 976
'Total Number with Serum
ReactioNeeceoes 670 24
Percentage of Serum Reectlions.. 0.9 2.4
Generel Serum Reaction.scee.s.. 594 = 8.8% 19 = 1.9%
Loeal Reaction onlye.cevececess 76 = 1.1% 5 = 0.6%

The mein fact derived from the above table
1e the definite reduction in the lncidence of serum

reaction from 9.9% to 2.4%.

et 5}
.
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Detelled Analysis of the Incidence of
Serum Reactions in 6,720 Cases of Diphtheria
Treated with Concentrated Serum, and of 1,000
Ceses of Diphtheria treated wlith Refined Antitoxin.

S B S P G W R ST e W W G S SN T SN B B G R P G Ge DY Se O G oe e W o

Concentrated Serume

Age Sex | Total AL §erum'ﬂgggslgg ...... | _Generel_Serum Resgtion_ _
Group Cases Number , Percentsage Number | Percentege
i ]
] ]
0- 5 M 953 69 7.2 61 ! 64
F 982 72 7.3 62 6e3
6~-10 M 780 189 | 24.2 176 | 22.5
F 1068 158 ! 14.8 146 ! 13,7
11-20 M 785 47 640 40 5.1
F 1112 83 | 7.5 "4 | 67
21-30 M 149 17 ! 11.4 10 ! 6.6
Fo 449 22 1 4,9 16 1 3¢5
31~ 40 M 138 6 | 4.3 4 2.9
F 281 7 1 2.4 5 ! 1.7
41-50 M 12 - - - -
F 10 - - - -
51-60 M 1 - - - ! -
F - - 1 - - 1 -
) 1
i ] ]
Refined Serum.
Age | Sex | Total |__Serum Reectlon ___J1_ Gepneral Serum Reaction_ _|
Group Cases Number! Percentage Number ; Percentage
1 1
o- 5 M 93 2 | 2.2 2 2,2
F 08 1! 1.0 1! 1.0
6=10 M 247 7 2.8 5 i 2.0
F 197 3 . 1.5 2 | 1.0
F 109 3 2.7 2 1.8
21-30 M 42 2 | 4.7 2 4.7
F 29 1! 3.4 1 3.4
31-40 M 15 1 67 1 67
F 1z - - - \ -
41-50 M 20 - - - _
F 3 - : - - : -
51-60 M ] = 1 - - ' -
F - - - - -
1 ]
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With concentrated serum the incidence of resction

1s highest in the 6-10 age group, and thereafter diminishes

with age, except for the 21-30 group (male) where there is a

sharp rise.

In the refined serles there 1s & graduel inorease

in Incidence with age, but after 40 no reactlions were observed.

With both sers, males would appear to have 8 higher incidence

of reactions than females.

A comparison is drawn between the incidence of serum

- reactions correlated with the dosage of serum sdministered.

Up TC 8,000 UNITS

A.
Concentrated Serume.
Age Sex | Total |--Serup Besgction____lGepersl_Serum Besctlop_
Group Cases Number iPercentage Number  Percentage
" \ 1
0= & M 387 15 ' 4.2 12 ' 33
F 376 17 1 4.5 11 ' 2.9
6-10 M 271 31 1 11.4 27 ! 9.9
F 3e7 26 ' 6.5 23 : 5.8
11-20 M 246 7 ' 2.8 5 ' 2.3
F 406 11 2.7 8 | 1.9
F 107 3 1 2.8 2 ' 1.8
31-40 M 47 1! 2.1 1 . 2.1
F 99 1 ! l.0 1 : 1.0
41-50 M 6 - ' - - ! -
F 5 - - - i -
561-60 M 1 - ! - - ' -
F - - - - ' -
: :
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TP TO 8,000 UNITS

Refined Serume
Age Sex | Total -_Sernm_gaaction_--....Genaral_Sqrum.Reachion_-
Group Cases Number !Percentage Number ! Percentage
1 t
o- § M 21 - - - : -
F 25 - ! - - ! -
6-10 M - 94 - ' - - ' -
F 61 - - - ' -
11-20 ¥ 27 - ! - - ! -
F 24 - - - ! -
21-30 4 11 - - - ‘ -
F 9 - ' - - ' -
31-40 M 6 - ' - - ' -
F 3 - - - ' -
41-50 M 4 - - - ! -
F - - 1 - - 1 -
51-60 M 5 - - - ' -
F - -4 - S
1 1

The fsct that no reactions were observed in
any patignts who received 8,000 units or less of refined serum,
while resctions were fairly common after injectibn of
concentrated serum, is the most notable feature of the tables,
end is probably due to the patients who were given refined
sntitoxin receiving only very minute quantitles of non-specific
protein. From these tables it 1s seen thet the reaction

rete in males 1is slightly higher then in females.
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B. UP__TO 40,000 UNITS
Concentrated Serume.
---Seruvm!Begotion._____l_Gensrel_Serum_Besction._
Age Sex]| Total Number T Percentage Number ' Percentage
Group Cases : '
] T
0- 5 M 501 39 7.8 37 7.4
F 451 38 | 8.4 37 8.2
6-10 M 349 106 30.4 102 ! 29.2
11-20 M 101 50 I ni 57 | o7
- 1 * ] 6.7
F 472 52 ! 11.0 49 ! 10.4
21-30 M 89 9 10.1 5 5.6
F 232 12 | 5.2 9 | 3.6
31-40 M 52 3 547 2 ! 3.8
F 94 4 4.2 3 3.2
41-50 M 3 - - - -
F 3 - - - ! -
51-60 M - - - - -
F - - - - -
' :
UP TO 40,000 TUNITS
Reflned Serume.
Age Sex | Total} _Serum_Beactlop._ . ___J Geperal_Seruvw._Begsctlonp. .
Group Cases| Number ; Percentage Number Percentage.
| ] L
o- 5 M a2 1 2.4 1 1 2.4
F 44 - ' - - 1 -
6-10 M 89 3 ! 3.4 1 o1,
F 72 1 ! l.4 - ! -
11-20 M 65 2 3.1 1 E 1.5
F 43 1 ! 2.4 - -
21-30 M 17 1 i 5.8 1 1 5.8
P 11 - ' - - ! -
31-40 M g - - - E -
F - - - -
41-50 | W 12 - - - -
F 3 - ' - - \ -
51-60 M - - - - ; -
F - - - - ' -
] ]
1 1.

The percentage of serum reactions following the

administration of refined serum 1s very much lower than that
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following the injection of concentrated serum, and the
percentage with doses of 8000 units or less of concentrated
serum 1s higher than that when the largest dose of refined
eantitoxin given, was 40,000 units. With both sers males have
the slightly hlgher rate, and the rete is highest in the

6-10 years group with concentrsted, and in the 21-30 years
(male) group with refined serum. The incldence of reactlons

with concentrasted ssesrum has incressed with the lncreass in the

dose of serum glven.

C. 40,000 TUNITS OR OVER
Congentrated Serum.
Age Sex | Total | __Serum Reaction_ __] Geperal Serum Rezagtlon
Group Cases Number ! Percentage| Number ! Percentage
1 !
o- 5 M 95 15 15.8 %2 f 13.6
F 155 17 ! 10.9 4 .0
6-10 | M 160 52 1 32.5 47 1 29.3
F 190 43 22.6 39 20.8
11-20| M 138 10 ! v.g 13 : g.g
F 234 20 : Be H .
21-30 | M 21 4 | 12.2 g i g.g
F 110 7 . .
31-40 | M 39 2 | 5.1 L f 2.6
2 2.3 .
41-60 | x % 2 - - :
F 2 T - i ' -
51-60 M - - ! - - : -
i - T ] C ]

e e e "

Y
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40,000 TUNITS OR OVER

Refined Serum.

Age Sex | Totel ---§929Q-B§§9§19§§--.QQEQ!Q!-§§EBE-B§£9§19Q;’
Group Cases Number :Percentage Number 1 Percentage
0- 5| M 30 1 3.3 1 | 3.3

F 29 1 H 3.4 1 H 3.4

6-10] M 64 4 ' 6.3 4 ! 63

F 64 2 g 3.1 2 ' 3.1

11-20| M 38 2 N 5.2 2 i 5.2

F 42 2 ! 4.7 2 H 4.7

21-30| M 14 1 ] 7.1 1 1 7.1

F 9 1 ' 11.1 1 ' 11.1

31-40| M 3 1 ! 333 1 ! 33.3
F 4 - ! - - ' -
41-50| N 4 - : - - ! -
: F - - ! - - | -
51-60 ) M - - ! - - ! -
F - oo T T ]

Agaein the incidence raete is on the upgrade with both

S8ra. Meles agaln heve the higher incidence. Usling concentrated

serum the age group 6-10 has the highest percentage of reactions,

but with refined serum it is the 31-40 (male)

group which is

higheste.
FACTORS INFLUENCING THE INCIDENCE OF SERUM
(1) Sex REACTIONS.
~ Concentreted Serum.
Sex Total --Seruw_Beactlion_ ___| _Geperal Seruw.Begctliop_
Number Number ! Percentage Number ! Percentage
M 2,818 328 1 11.6 201 1 10.3
F 3,902 342 | 846 303 ! 7.8
Refined Serume.
Sex Total -Serum.Beactlion__.__} _Gensral_Serum.Beaction_
Number Number , Percentage Number :Percentagg
T |
552 16 | 2.9 13 ! 2.3

With both sera males have much the hlgher rate, the
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difference being more marked with refined serum than with

concentrated - 66.6% and 48.9% respectively.

(2) Age

Concentreted Serum.

Age Group | Number of Cases __Serum Reagtions_
Total % ‘General %
0- 5 1,935 7¢3 1 643
6-10 1,848 18.7 1 17.3
11-20 1,897 6.8 : 6.0
21-30 598 65 ! 4.3
51"40 419 501 1 201
41-50 22 - : -
51-60 1 - 1 -
Refined Serum
Age Group | Number of Cases | __Serum_Reactlons_ |
Total % ; General
)
0o- 5 191 l.6 ! 1.6
6"10 444 2¢3 ' 106
21-30 71 4.2 H 4.2
31-40 27 37 1 37
41-50 23 - -
51-60 ) - : -

Using concentrated serum'the percentage incidence

of reactions fluctuates from age group to age group, being

highest in the 6-10 group and falllng suddenly over the age

of 30.

p50gressive up to the 31-40 group, when it fells slightly, and

over 40 no reasctions were recorded.

With refined serum the percentege incidence 1s steadily

B SRY W LLIE LTS U NI
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(3) Dosage of Serum.

Concentrated Serum.
Dosage Serum Reactlons Male Female Total
(Units) A 14
8,000 Total 5.9 4.1 5.0
General 4,9 32 369
8-40,000 Total 13.4 11.2 12.2
Generel 12.7 10.4 11.4
Over 40,000 Total 18.2 11.2 14.0
. Genersl 1l4.3 9.7 11.©
Reflned Serum.
Dosage Serum Reactlons Mele Female | Totsl
(Units) % %
8,000 Total - - -
‘ Gensral - - -
8’40,000 Total 3.0 1.1 2.05
‘ Generel 1.7 - 0.85
Over 40,000 Total 5.9 4.0 4.95
General 549 4.0 4,95

of serum the percéntage incidence of_serumvreaction

increases, and that the rate 1s higher for males then

for females.

end concentrated entisera.

This concluslon holds for both refined

These tebles show that as we increase the dosq
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(4) Intravenous Injectlon of the Serum:

Congcentrated Serum.

Number of --Servw_Reection ___l__General_Serum Reasgtion_._
Cases. Number ; Percentage Numbser | Percentage
[ [}
476 91 1 19.1 72 N 15.1
759 81 | 10.7 74 H 0.7
] t

Refined Serum.

Number of -_Serum peactiop_ ___]| _Geperal Sgrim Reecilop_ __
Caeses Number :Percentage Number ! Percentage
150 intravenous 5 : 343 5 ) 33
(intravenous : :
2502 and 18 ! 8.0 14 ] 5.6
intramuscular ' :
600 intramuscular 3 ! 0.5 - ! -

With concentrated serum none of the cases received
the serum by intravenous injection alone. 476 cases
received 8 combined intravenous and intramusculer injectlon,
end all of these cases had over 40,000 units of serum. In
the tebles above, with concentrated serum the comparison 1s
made with the cases who recelved the serum by comblned
intremasculer and intravenous injection end the cases who
received over 40,000 units of serum intremuscularly. With
refined serum the table 1s self-explenatory.

It is seen that with concentrsted serum the percentage
of resctions 1s higher where the part of the serum was given
intravenously, but this figure is much higher then for the
same group in the reflned serum table. In the latter table
it 1s seen that the incidence of reactlions 1s lowest wherse

the serum was glven intramuscularly, highest when given by
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the combined method, and that intrevenous therspy

occuples the intermediate place. The patients in the
intramuscular-intrevenous group were the most seriously
111, and so received most serum, snd this probebly eccounts
for the higher serum reaction rate.

(5) Yearly Varistions:

Year No. of | Serum General Serum | No. with Percentage
Ceses _Beacpion__ _____ Reaption-,_ Previous Over 20,000
No. ! % No. 1 7 Serum Units.
) [}
1930 1,177 | 118 110.0| 107 1+ 9.1 121 (10%) 521(44.1)
1931 929 92 1 9.9 79 1 85 93 (10%) 417(44.8)
1932 952 97 ' 10.2 88 ! 9.2 98(10.3%) | 435(45,7)
1933 837 85 1 10.1 72 1 8.6 85(10.1%) 391(45.5)
1934 1,054 | 101 ,; 9.5 89 | 8.5 101( 9.5%) 416(39.3)
1935 962 99 ! 10.3 90 ! 9.3 99(10.3%) | 419(44.6)
1936 809 781 9.7 69 1 8.5 77( 9¢5%) 365(45.1)
Total. | 6,720 6'70{ 9.,9| 594 i 8.8 674 (10%) 2,964(44.3)
1 ]
1
Casges E :
treated \ '
with ' '
refined ' !
antitoxin, : !
Aug.1937-
Apgil 1939. 1,000| 24 1 2.4 19 1 1.9 116(11.6%) 650(65.0)
L 1

From the table 1t 1s seen that the percentage
rete vearies little from year to year. The slight incresses
ape either sssociated with ean increased percentage of
previous ceses who had been sensitised to serum or with a

high incidence of patients who had received large doses

of serume.
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(6) Previocus Injectlon of Serum:

(a) Concentreted Serum:
Oof 6,720 cases treated, 674 had received previous serum = 10.0%

Of 6,060 cases with no serum reasction, 528 had received

PrOViOUS SOTUMtcseveeroeaascotossscascrssanncsce = Bo7%
Of 670 cases with serum reaction, 146 had received

Previous SOrUM. coceeecrccasscesss cereesssaasseee = 21.6%
Of 594 ceses with genersl serum reaection, 132 had

recoived Provious SOrUMisecscecssesoscscsccscases = 22.2%

(b) Refined Serum:

Of 1,000 cases treated, 116 had received previous serum = 11.6%
Of 976 cases treated with no serum reaction, 113 had

received Previous SerUMes.scscescescessacsscssse = 11.5%
Of 24 cases with serum reaction, 3 had received

previous serumbioi.OQOIOCCOCl‘.l..olols."..o'.‘: 12.5%
Of 19 ceses with general serum reection, 3 had 15.8%

I‘eﬂeived pI‘OViOUS Serumoo-o.-.cc..........-....o
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Concentrated Serum

Serum Resaction General Serum Reactlion
Type Totel  |=--=--n=-- R aetlebled Sttty Abetatl L Ll
of Case Treated Number: Percentage| Number :Peroentage
' E
No : t
previous ' !
serume. 6,046 524 ' 8.6 462 ' 7.6
] ]
Previous : :
serunme 674 146 : 21.6 132 : 19.5
= s
]
Combined 1 :
Group 6,720 670 | 9.9 594 b 8.8
] ]
Reflined Serum.
Type Total Serum Resction General Serum Resation
of Case Treated Number ' Percentage Number : Percentage
1 1
No ' !
revious 1 1
2erum. 884 21 ! 2.4 16 ! l.8
L] t
] ]
Previous b '
serume. 116 3 | 2.6 3 2.6
] 1
1ned : 3
- Combine !
Group 1,000 24 ) 2.4 19 E 1.9
1
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Conclusions:

L

The effeat of previous 1njesction of serum
is 1llustrated in the foregoing tables. Patients who
have had a previous iInjectlon of serum, are, with
concentrated serum two-and-a-hslf times as liable to
develop serum reaction as those receiving e first
Injection. Using refined serum, this llebility is
reduced to l.4 times. With both sers the high
dosage of serum, correlated with previous 1njection
of serum, glves the highest reaction rate, but the
difference between the incidence after the injection
of & second dose of concentrated end of refined serum 1s
marked, being 21.6% and 5.2% respectively. With no
previous injection of serum, &s the dosage 1ncreases,
so does the percentage incidence of serum resctlons;
with concentrated serum it rises from 2.9% to 10.6%,

and with refined serum from O to 4.9%.
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SERUM REACTIONS .

An agcount 1s given of the incubation period, duration
end menifestetions of the serum resctions which occur after
concentrated and refined sera have been injected.

(a) Incubetion Period.

Concentreted Serum Refined Serum
Length of Incubation Period Length of Incubatlon Period
Day Number of Ceses. Number of Cases.
_____________________________ 8 PRI ol iUt
of No i Previous | Totel No |\ Previous ; Total
Occurrence| Previous | Serum | Previous | Serum |
Serum 1 ! Serum ! L
1 8 ! 14 1 22 3 b1 L4
] 1
2 8 1 10 | 18 S S B |
1 ] ] ]
3 9 N 18 Vo2 3 ' - E 3
! 1 ) i
4 21 ! 19 1 40 1 i 1 12 |
' 4 I
5 50 i 29 1 69 2 1 1 1 3
i 1 ] 1
6 51 ' 40 ;91 5 : - E 5
1 I !
7 61 : 1 72 3 | - 13
4 ' ' 1
8 91 i 4 1 95 5 v - L3
i 1 : \ .
9 94 : 1 E 95 - s - i -
v
10 02 } - oo - 5 - P
] .
] 1 1 ]
11 29 ! - 129 - E - E -
1} i
12 11 . - 5 11 - E - i -
! !
13 2 3 - 12 - P A
! .
‘ L O
14 S : :
] !
25 I R
16 2 f - 2 - l - b
' - 11 - V- P !
v D . : :
18 1 i - 1 - i - v
Total. 524 H 146 . 670 21 : S HI ‘
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Summary of Occurrence of
Generel Serum Resction.

Concentrated Serume.

Type of |No. of | Highest 3-Day Length of Incubation Period.
Cese Ceses % of Group  f----rmmmmmmm e e
Reactions | of Less [6-12 | 13-18 |19 Days
Highest than 'Deys  !'Days ! and
% of 6- Days‘indL 1 incle « Over.
Reactions ' : :
. 1 ! 1
No 9th. 8-10th. : ' '
Previous Day Day 86= ) 420= ' O= '
Serum 524 17.9% 52 .8% 16.4%5 81.8% E 1.8% i -
1 1 1
Previous 6the. 4-6th. ' ' '
Serum 146 Day Day 00= 1 86= '
27 .4% 58.8% 61.7%) 38.3%4 ! - ! -
] ] 1
] 1 1
Total 670 176= ! 485= ! O= !
26.3%1 72.4% 1 1.3% 1 -
1 1 1
Refined Serum.
Type of | No. of Highest 3-Day Length of Incubation Period.
Case Cases 9 of Group  j------- it ittty
Resctions of ' ' !
Highest Less 6-12 | 13-18, 19 Deys
g
% of then ! Days ! Days ! and
Reactions b-Days:incl. ! incl.: Over.
No 6th. 6-8the . , 1 i i
Previous Day Day o= 11= :
Serum 21 26.3% 57.8% 47.6% 1 52.4% 1 - -
. ! 1 \
1,4 & 4th. & ' ' :
servm 5th. 5th. | i :
3 Day Day = ' 1 :
3343% 66.6% w004 - 1 - -
i 1] 1
Y \ 1
13= | 1= | !
Totel | 24 5a.2% 45.84 - 1 -
t 1 1
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From the foregoing tables 1t is seen that with
concentrated serum the B8th. and 9th. day are the days on
which most serum resctions appesr, but for refined serum
1t is the 6th. day. - Using concentrated snd refined
sers the majority of reasctlions sppear in non-sensitised
people between the 5th. - 1llth. day end the 3rd. - 8th.
day respectively, and with both sera between the day of
injectlon and the 6th. day in sensitised peopls. A
previous injection of serum eppears to hasten the onset
of the serum reasction.

Immediste end Accelerated Reactions.

An immediste resction is one occurring within 24
hours of injection with the serum, and an accelerated
resction is one occurring between the 2nd. and 7th. days

(Von Pirquet snd Schick, 1905) .
The following tables show the number of these types of

resction occurring after the administratlon of concentrated

serum, compared with those where refined serum was used.

Concentrated Serum.

Accelerated:
2nd .—Vth. Dayo 190

Type of No.Previous Serum | Previous Serum Total.
. B B ettty Sl | I T TTT
Resction o £ No. ! % No. ' %
1
Immediate: ! 3.3
within 24 hourg 8 P
:
!

R R R

]

:
1.5 14 ! 9.5 22

]

36.2 127 |

1
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Refined Serum.

Type of

Reaction. _No_Erevious Serum |Previous Serum | __ Total._
No. | % No. { % No. ! 4

Immediate : : :

within 24 i | ‘

hours. 3 ! 15.8 1 : 20 4 ! 16.6

Accelerated: 1 \ R

2nd.~7the. : : : .

Day 13 + 68.4 4 1 80 17 1+ 7048

After the pestient has been sensitised by & previous
injection of serum the percentage of both immediete and
accelerated resctions increases. This is true for both
sera. It is also seen that with refined serum in both
non-sensitised end sensitised petients the majority of
reactions are of the accelerated type. With concentrated
serum, in non-sensitised patients the percentage of
accelerated resctions is 36.2, whereas in sensitlsed
patients it rises to 86.9. GT‘i - |

Duration of Serum Reasotions.

In the tables below a comparison is drewn between

the durstion of the resctions which followed the

administration of the two types of serum. - . ‘-,;;;

s v s ok b A
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CONCENTRATED SERUM

Duretion No Previous Serum.. Previous Serum Comblned Total.
B < T e o Ay S .
Days. No. 4 No. % No. 1 %
1 1 |}
t ] ]
1 156 Voo29.7 17 | 1l.8 173 | 25.8
2 107 ' 20.4 29 ! 19.8 136 ! 20.3
3 121 i 23.1 18 + 12.3 139 1+ 20.8
4 41 ! 7.8 19 | 13.0 60 | 8.9
5 43 ; 8.2 17 ! 11.8 60 ! 8.9
6 29 ' 5.5 16 + 10.9 45 1+ 6.8
7 17 ' 3.3 15 ; 10.2 32 7 4.7
8 8 ; 1.6 10 ! 6.8 18 ' 2.7
1 1 1
Total 524 ' 100.0 146 , 100.0 870 1 100.0
1 ! !
REFINED SERUM.
Duration No Previous Serum. Previous Serum J Combined Total.
in 2 |e=mmmmemmemmpemmmmmm s e r---"=--~-f--"--- [ro=—rrr—————
DB;S- No. ; % No. ; % No. v %
1 2 ! 9.5 1 5 33.3 3 3 12.5
2 4 ' 19.1 - 4 - 4 16.7
4 2 1 9.5 1 1 33.3 3 1 1245
5 2 1 9.5 - : - 2 1 Bed
6 2 : 9.5 - : - 2 : 8.3
7 - v R oo '
8 - v -0 - - -
° ! ! .
! H |
Total 21 E 100.0 3 100.0 24 1 100.0
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Part of the serum in some of the cases, was

administered by intrasvenous injection.

Duiation Concentreted Refined.
n 0 |meermee- T o o o o o b - o= - . e o= o v -
Days. No. : % No. : %
1] 1
1 7 f 7.7 2 1 9.5
2 15 1  16.5 4 1 19.1
3 18 : 19.7 o ; 42.9
4 22 ! 24.2 2 1 0.5
5 26 | 28.6 2 1 9.5
6 2 ' 22 2 ' 2.5
'7 1 ! 101 - ! -
8 R - -
: !
1 1
Total 91 ! 100 21 ! 100
1 t
Conclusions.

From the date given 1t is seen that the effects.of
serum resction in non-sensitive pstients has in 73% of cases
(concentreted serum) pessed off in 3 dsys, and that the
effect of all serum reactions has passed off within 9 days.
In sensitised patients the effect lasted longer in the
me jority of cases, but they too had all recovered within 9
days. Using refined serum, i1t is seen that in non-sensltlsed
patients the effects of serum reectlon have pessed off in
3 deys in 71% of ceses, and all were better by the end of the

6th. dey. Tn the sensitised petients in this group all had

fully recovered by the 4th. dey.

Where the serum wes given intrevenously, the

duretion of the resction tended to be prolonged, but this was
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probably due (especially with the concentrated serum
cases) to large doses of serum haeving been given.

TYPES OF RASHES.

The three main types which occur in serum reactions
are urticarisl, erythematous and morbilliform, but others
heve been described, such as meculer, circinate, papular
end polymorphus. In the 670 reactions following the
adminlstration of concentrated serum, 668 exhibited rashes,
and in the refined series; 24, |

The followling table shows the percentage of each type

end the dey on which the different types of rash appeared.

Type Concentreted Serum Kefined [Serum.
Rashes |Day of Appe&rance | Rashes Dey of Appearence
T ot y-- - ro---- PR U . ————— Foemm
No.1l! % 0-5 | 6-12} 13- |Noey Z [|D-5 | 6-12 13-
Urticarial 578 !86.5| 148 | 426 ' g 12:;%.2 g ' g -
Erythematous| 32 ' 4.7 10 v+ 20 ! o 1 1 -
MoZbiniform 28 | 4.2 9 1 18 . 1 4::16.'7 2 § 2 5 -
Circinate 15 | 2.3 5, 0 | - 1} 4.2~ | 1 | -
Polymorphus 15 + 2.3 4! 9 1 2 1; 4.2 | - ; 1 5 -
Totsl.  [668 glooo 176 | 485 | ¢ 24j000 [13 | 11 | -

The urticerisl resh predominates and the incidence
is higher with concentreted then with refined serum wherae
the percentage difference between the urticerlal and the

erythemaetous 1s not so marked (41.6 - 33.3, as against

86¢5 = 447) . There was & higher percentage Incidence of

erythemetous, morbilliform, circinete and polymorphus reshes

when refined serum wes used than when concentrated serum was



«98.
administered. Clroinate and polymorphus rashes
occurred in the same number with each serum.

Recurrent Reshes.

These are of rare occurrence with concentreted
sera, and dld not occur with refinedaserum. With
concentrated serum only 7 were observed. They wers not
confined to any deflinite batch of serum, and the serum was
given by the intremusculer route. Three of the cases

were males and four were femelas.

Age Groups: 0-5 years 2 cases.
6"10 2 5 )
1l1-20 ,, 2 Py

Dosage of Serum Given: 8,000 units or less..... 1
8,000-40,000 unitseccee.. 4w
40,000 units or more.... 2
In all of them two reshes eppeared. In two the time
betweeh the rashes was three days, in four 1t was five dayé,
and in one 1t was six dayse. The rashes were 2ll of the
generalized urticarial type. Four of the cases had‘had a!

" previous injection of serum, and three hed not.

R PSR
U 3
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Signs of Genersl Serum Reaction other
than Cutaneous.

Below, in tabular form, is an anaelysis of the mein signs

of general serum reaction other than serum rashes.

Concentrated Refined.
] 1 t ]
Osdeme ! Arthritis! Fever Oedema | Arthritis | Fevgr
! ' 99°F, ! ' 090,
; }Upward ] v Upward
Noe Of C880Sesen 19 | 17 y 418 - 1 ' 4
Percentage of ' ' ! '
Cases treated... «28% 1 25% t  6.2% - ! A% 1 4%
Percentage of ' ' N '
Serum resctions. 2.8% ! 2.5% | 62.4% ! 4.1 | 16.6%
Sex: Mele...... 10 12 1 9258 - | 1 12
Female.... 9 | 5 1 162 . - S
Average Age. ! ' ' '
Yogerseeee. 8.7 1 17.2 ! 11.1 - ! 14 116 .
Dosage: Up to \ ! J '
8,000 unitse.. 2 3 , 56 - -
8,000-40,000. 6 5 1 256 - - -
40,000 units ' ' I i
& OVBIrecoos 11 : 9 : 106 - : 1 : 4
No Previous Serum; ) ! ! ! ,
Numbereeeee 9 1 6 1 18‘7 - [} - : 3 .
No Previous Serum: : . : - :
Day of Occurrencs 2-12 1 4-11 1 8-9, - ! - 'l
Previous Serum: 1 i ! '
Numbereosesss 10 ! 11 1 231 - X 1 11
Previous Serum: ! ' ! ) '
Dey of Occurrence. 1-4 2=7 1 b&-6 - | 5 : 1
Number who hed : \ ' '
Intrsvenous Serum. 1 ! 4 187 - 1 ' 4
1 | ! ] .
onco nt Signs: ' ' : H
geggrgitégsh...%... 16 12 : 418 - ! 1 1 4
Local RaShoo.ooOc-t 2 ‘l 4 : - - : - :—
Rash Absent.eceeecss 1 1 P - - ' - S
Albuminurigesseces. 8 1 7 v 106 - ! - 12
O930mMB e eveestavenscse - : - : 12 - : - :_
Arthritis....-..--o - : - : 12 - : - : 1
Adenitis......o.... - 1 - h - - 1 - l-
FOVOT e veeeanssnsacs 8 E 12 : - - ; 1 j'-
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The all-round reduction in the complications due to
serum by the use of refined serum is striking. The higher
incidence of complicetion in males is shown, except in fever
caused by refined serum, where the incldence was equal. As
the dose of serum increases so does the liability to serum
complicetions. A previous injection of serum increases this
liability, and elso, in the use of concentrated serum, reduces
the Incubation period of the resction. Fever 1s common, more
so with concentrated serum, where it occurred in 6.2% of all
cases, as compared with 4% with refined entitoxin.
Albuminuris was a frequent complicetion with concentrated serum,
but only occurred in two cases treated with refined antitoxin.

Generel Serum Reaction with No Rash.

This occurred in two cases treated with concentrated -
serum. Both ceses were males. Summary of each cese:~-
(1) A boy of 9 years received 20,000 units intremuscularly.

He developed arthritils, albuminuria and a temperature
of 100.60 on the 7th. day. He was given adrenalin
m.5.t.1.d. for two days, together with aspirin gr. 5.
qei.de In four days the elbuminuria and the
srthritis hed psssed off. His temperasture settled on -

the third daye.
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(2) A young men of 19 was given 16,000 units
intramuscularly. 6 days later he developed a
tempersture (101.4°) and erthritis of his
interphalangesl joints of both hends. He was
glven aspirin gr. 10. gq.i.d., and afterktwo days
his temperature ssttled, and in three days more
the last trace of his érthritis had pessed off.

Conclusion.

Arthritis, elbuminuris and pyrexle can develop in
the absence of cuteneous signs.

LOCAL SERUM RASH.

Definition- Where the resh is confined to site of injection.

This occurred in 76 of the concentrated serum series,
and in 5 of the refined series. In the concentrated group
6 cases were sssocisted with signs of generel reaction, 2 having
oedema and four having arthritis, plus the rash at the site of

injection. These 6 cases had all been senslitlsed to horse

serum by & previous injection of entiserum. In the remsining

70 cases, snalysis of the rashes was: 64 urticarisl,

4 erythematous, end 2 morbilliform. Of these cases 62 had

had no previous serum, while 8 had had serum previously. The

day of occurrence of the rash in the 76 cases was: 0-6 days, 22.

6-12, 48, snd 12 days upwards 6. With refined serum, 5 local
’ s « =

rashes were observed. These 5 cases had had no previous

injection of serum and were not accompanied by sny other

manifestetion of serum disease. The 5 reshes were of the
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urticarisl type, and occurred 3 on the 5th. day and 2
on the 6th. dey after injection.

Conclusion.

Locel rashes can occur even although the patient
has been sensitised by @ previous injection, but & previous
injection of serum makes the patient liable to o genersl
. reaction to the serum. The rashes are maeinly of the
urticarlsl type. The dey of occurrence of these local
rashes approximates to the day of onset of general serum

reaction.

RECURRENT LOCAL RASHES.

None were observed in thls series.

ALBUMINURIA.

The diffieulty of determining whether albuminuria is
caused by the toxins circuleting in the blood stream or whether
it is due to the serum per se is obvious. In this enelysis it
was regerded as a complication due to serum when 1t occurred
during the period when serum reactions do occur, end in the
absence of eny other cause for slbumlnurils.

Incidence of Serum Albuminuria.

Concentrated Reflined

Serum. Serum.
Number Of Cases.. ..... s e e e ve s o 122 ' 2
Albuminuris s&nd General Reaction. 121 )
1 -

Albuminurie end Locel Reactione..



«103.

Dey of Appearance of Albuminuris.

Concsentrated Refined

Under 6 days.....;............. 48 1
6 -~ 12 deyseesceritcnrnrcnnnnns 73 1
12 d8ySceeciinnietiiennnnnnnnne 1 -

122 2

Relation to Appearance of Rash.

Concentrated Refined

Time of Appearance.
Before the rash appeéredeccseces 22 -
After " " N lg_o__~ 2
Tobt8l.veeeeveosvrorenssssosnsonne EEE~ , —E_

Duration of Albumlinuria.

Concentrated Refined

Time . Serum. Serum.
1 - 5 A8FSecsecessrsssncsvoncsss 76 2
5 = 10 d8YSeccccscssccoscssasasose 44 -
10 d8YSeecccerssssvssorarecnnses 2 -

Conclusions.
Albuminuria occurs as 8 serum phenomenon in 1.8% of all

cases trested with concentreted serum, and in 18.4% of cases of

serum resctions caused by the same serume. With refined serum

the figures sre .2% of all cases and 8.3% of serum resctions.
With concentrsted serum it mekes 1ts eappearence most often between

the 6th. snd the 12th. day, mostly after the rash has appeared,

and persists for 1 - 5 deys. With refined serum the incidence
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1s equally divlided between the 1 - 6, and 6 - 12 day periods,

alweys after the resh has appeared, end lasts for 1 - 5 dayse.

THERMAL REACTIONS.

These occur most frequently after the intravenous

administration of serum. With concentrsted serum 476 ceses

'_ received serum intrevenously, end 87 (18.2%) had a febrile

~reaction. With refined serum 400 hed serum Intrevenously, and
4 (1%) had s thermal reaction. A thermel reasction was defined
a8 a8 rise of tempsrature sbove 99.40 and persisting for more
then two hours. The total number of petients who recelved
concentrated serum end who showsed & thermal reesction was 126,
ﬁhich 18 1.8% of sll ceses receiving serum, and 18.8% of eall
reactions. Using refined serum, 4 cases, represenfing

«4% of all cases and 16.6% of all reactions, had-a thermal

reactione.

Conclusion. | o
Refined serum definitely reduces the incidence of

' thermal resctions.
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PREVIOUS HISTORY OF ALLERGY.

In the concentrated serum series, 18 gave a history of
asthma or previous attacks of urticaria. In this group 14
developed general serum reactions and 4 did not. The reactions
were accompanied by urticarial rashes. Of the 1,000 cases treated
with refined serum 12 gave an allergic history (asthme or urticaris)
but none developes serum resction.

Conclusion.

Where a history of allergy is given it is unsafe to use
concentrated serum unless the patient has been desensitised.

Refined serum should be used.

SERUM ACCIDENTS,

This term is used to denote the occasional severe and
sometimes fatal reaction occuring after serum has been given.
In neither of the series under consideration was there a fatal

accident, but severe reactions were observed.

(1) Concentrated Serum. After the use of intravenous serum

22 such reactions were observed. This represents 0.3%

of all cases receiving serun, 4.6% of all cases receiving
the serum intrevenously, and 3.3% of all resctions. 14 had
received a previous injection of serum. There were.no
serum sccidents where the serum was given. intramuscularly.
The train of signs and symptoms in all the cases were the

same. They were - tightness across the chest, palpitation,

cysnosis, breathlessness, cold perspiration, extreme
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anxiety and vomiting. The patients were given .5 c.c's
of 1/1000 adrenalin hydrochloride, oxygen and kept in
Fowler's position - adrenalin waes readministered where
necessary. All cases recovered.

(2) Refined Serum. Two similar cases occurred with intravenous

injection. This represents .2% of all cases, «5% of
cases who were given serum intravenously, and 8.3% of
all reactions.

Conclusions.

Serum accidents are rare and their incidence is increased
by intravenous therapy. Refined serum should be the serum

of choice. Adrenalin should always be kept at hand on

the serum tray.
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GENERAL SUMMARY.

An enelysis has been made and e& comparison drawn of the
menifestations of serum reactions following upon the injection
of concentrated and refined anti-diphtheritis sera.

The total incidence was -
Concentrated. Refined.

Total Serum Reaction....... e 670(9.9%) 24(2.4%)
General Serum Re8Ction.eseseiese.... 594(8.9%) 19(1.9%)
Local Reactiono-....-..-.....--..... 76(1.1%) 5(0.5%)

The factors which influence serum resctions gre -

(a) Sex and Age. Males have & higher reste than femsles, and

this rete varies in the different sge groups. The
incidence 1s lower where refined serum is used.

(b) Dosage. As the dose of serum Increases, so also does the
incidence of reactlons. The incidence 1is more merked

in males than in femsles., The serum resction rste 1is

lower where refined serum was gilven.

(¢) Intravenous Injection. Where this method of therapy is

| employed the incidence of serum reactions rises.
Intrevenous therapy 1s usuelly combined with intremusculsr
injection, and the total dose glven ig usually large.
This is a fsctor in causing @n increased incidence. TUsing
concentrated serum, the incidence was 19.14. In the

refined series, where intrevenous serum was given alone,

the resction rate was 3.3%, while with combined

1ntrevenous- intremuseculer injection, 1t was 8.0%.

A LN v ey B 2 & A et .
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Here again refined serum had the lower resction rate.

(d) Different Batches of Serum. This would appear to have

little influence on the incidence of serum reactions.
Over a period of six years, using concentrated sersa,
the rate varied from 9.5% - 10.3%.

(e) Reinjection of Serum. This has a definite bearing on

the incidence of serum reactions. With concentratead
serum the incidence rose from 7.6% to 19.5%, snd with
refined serum from 1.8% to 2.6%. These are significant
inecreases. The much lower percentage of reactions after
refined serum is noteworthy.

Observations on Serum Reactions.

(2) Incubstion Period. The 9th day after injection of

concentrated serum is the day on which most reactions
occur. This is reduced to 6 days in the case of refined
serum, and, in badth, & previous injection of serum brings
sbout a reduction in the incubation period.

(b) Duration. The effects in most cases have passed off within
3 days, but a previous injection of serum would appear to

prolong the symptoms.
(¢) Types of Rash encountered. Five different rashes have been

described. For both sera, the urticarial type of rash is
most frequent, but the percentage incidence of this type
is much higher for concentrated than for refined.,
Urticarisl rashes are the rule in sensitised patients.

(d) Recurrent Rashes. These are rare and are not confined
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to any age group, but no cases were reéorded in this
series in patients over 20.

(e) Qedema. This ususlly developes in localized sites such as
the face or the hands. It is commoner in males than in
females, where large dbses of serum were given, and
previous injection of serum had little influence on its
incidence. It tends to occur in young people. No cases
of oedema were recorded where refined serum was used.

{f) Arthritis. This occurred in 2.5% snd 4.1% of serum resctions
following the administration of concentrated and refined
sera respectively. It was more frequent in meles than in
females, and was more common in sensitised patients.

(g) Pever. Some fever is present in most general_reactions
after concentrated serum - 62.4% of reactions. This
figure fell to 16.6% when refined serum was used. In
the concentrated series previous injection of serum and
high dosage of serum were contributory factors to this high
incidence. 1In the other series, high dosage was a factor,

but previous injection of serum was not.

Local Serum Rashes.

These usually have no accompanying general reaction where
rash is limited to a small area around the site of

injection,but in 6 of the recorded cases where concentrated

serum was used, generalized symptoms were also present.

Albuninuria.

This occurs in almost 1/5th of all cases as a. sign of

genersl serum reaction. It makes its appearance mostly
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after the rash has sappeared, and between the 6th and
the 12th day after injection. It is less common after
the administration of refined serum than after concentrated
serum,

Serum Accidents.

These are rare and occur after intravenous injection.
They are more likely to happen in sensitised patients.
With refined serum their incidence is much reduced. No

fatal case was recorded.
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SECTION 111,

An analysis of the results of treatment
of 1,000 cases of clinieal diphtherla

treated with refined diphtheria antitexin.
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TREATMENT OF DIPHTHERIA BY REFINED ANTITOXIN.

A series of 1,000 consecutive cases of cliniecal diphtheria
wes investigated in Belvidere Fever Hospital, Glasgow, from
August 1937, to April 1939, All were given refined antitoxin.
This was supplied in ampoules conteining (with slight
varistions) -

4,000 units in 0.8 c.0's of serume.

6,000 units In 1.3 c.c's of serum.

8,000 units in 1.75 cec's of serum.

20,000 units in 3.0 ce.c's of serum.
In each case the following particulars were noted:-

(e) Age of patient.

(b) Sex of petient.

(e) Clinical type of diphtheria.

(q) Strain of ¢« diphtheriass recovered from the cese.

(e) Time of occurrence of serum reactions or rashes.,

(f) Time and type of complication. ‘

tory of previous injection of serum, asthma or
(g) His y P urtioéria.

Four-hourly observetions were made upon:-

(a) Temperasture end pulse rate.

1sappearsnce of membrane / or discharges /
(b) Rate of disarp or adenitis,

(¢) Degree of toxaemis.

The 1,000 cases were divided into three groups:-

glven the serum by Intremuscular
injection alone.

jved & combined intrevenous and
°° {ntremuscular injectlon; and

d the entitoxin by intravenous
injection alone.

(e) 600 who were

(b) 250 who re

(¢c) 150 who receive
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OQutline of Genersl Treatment and Nursing of the Patients.

Each cese was reviewed separately and treated according
to its specisl requirements. Generally speaking, howsver,
the routine procedure in the wards was:-

Imnedlately after the patient hed been sdmitted to the
ward and had been bathed, the temperature, pulse and
respiration retes were teken, end 2 specimen of urine obtained
(1f possible) . The patient wes then exemined and the extent
of the membrane / or discharges / or esdenitis was noted. The
degree of toxlcity was observed and recorded. Prior to the
serum being given, & sweb wes taken of the membrsne / or
discharges. This was inoculated on to & Leoffler slope and
on to & plate of the medies of XKerrin eand Geze (1936). These
were then placed in the incubator at 37° c.

From the petient, or from the nurse's case record,
obtained at the petient's home (if the patlent were too ill or
too young to assist) it was ascerteined whether the patient

had suffered from asthma or urticeris or whether he had had a

previous injection of serum. Previous illnesses were also

recorded. The patient was now examined as to his soundness

of heart end lung, and for eny evidence of other dlseass.

The serum was then glven. Although & previous history

of asthmae, urticerie or previous injection of serum wes given,

the patient received the refined entitoxin without desensitisation.

On the serum tresy, & syringe charged with «5 c.c's of adrenalin

hydrochloride solution 1/1000, was kept at hand in cese 1t was
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required.

The serum having been given, the patient was closely
observed for signs of serum resction. The temperaturs, pulse
and resplration retes were teken 5, 10 and 30 minutes
sfterwards, thereafter, 4 hourly observations were made. The
urine was examined desily for ebnormel constituents, such as
2lbumin, blood, sugar end scetone.

All petients were kept lying down for three weeks, and
cases which received more than 40,000 units of antitoxin were
kept flet for & minimum periocd of four weeks. Those receiving
very large doses - 200,000 units - were not sllowed to sit up
in bed for prolonged periods, extending in one case to
14 weeks. If s complication was observed, the patient was
kept lying down until the complicatlon was cured.

Following the lying-down pericd, patients were allowed
to sit up in bed, for & minimum period of one weeke. Patients
who hed hed lerge doses of serum or those who hed developed
complications were brought gredually to the sitting position by
means of pillows. After the sitting-up period, the patlents
were allowed up to walk sbout the ward end the grounds of the
hospitel for enother minimel perliod of one week.

Additional Non-Specific Trestment of the Cases.
They found, in ceses

Schwentker and Noel, 1930.

which had & fatal termination, & hypoglycaemla. If death did

not take place, the blood sugar content rose untlil finally there

was & definite hyperglycaemia. They found, &lso, & reduction




.114.

of the hepatic end muscular glycogen during the toxaemis,

end a definite reduction in the 8bllity to assimilate dextrose.
They advocated the use of insulin and intravenous dextrose.
Begg and Harries (1935) also recommended the use of intrevenous
dextrose but found no benefits from the use of insulin. As

the content of dextrose in the blood rose, so did the liability
to cardisc paresis.

McLean, 1937, thought thet the hypoglycaemis found in
the acute stages of diphtheria wes due to the patient!'s
festing. He found that the glucose tolerence curves in the
acute stages of diphtherie took the form commonly called the
"lag" curve. 1In convelescent petients the curves were of
the normel type. He thought that the "lag" curve was due not
to diminished absorption of glucose from the slimentery trect
but to & diminution of the ebility of the periphersl tissues
to assimilete it from the blood.

Muir 1924, noted that the suprerenal glends showed
degeneration and haemorrhages into thelr substence following
death from dlphtheriea.

Rolleston, 1925, agreed with the findings of Muir but
only in the cese of guinea pigs which had dled from diphtheria.

Tn humans there were few "naked eye" changes, and the

microscopical chenges Were not constant.

Ker, 1929, substantiated the observations of Muir.
E

Harrop et al, 1933, found thet, in dogs where the

suprarenal glands had been removed, the dogs lived longer if
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they were glven injections of sodium chloride. They
concluded thet the suprarenal cortex had s regulating
influence over the excretion of water and sodium chloride.

Théddea, 1935, showed that, following upon the
Injectlion of gulnea pigs with diphtheria toxin, there is
necrosis and haemorrhage of the suprarenasl cortex and a
dlsappearance of lipoid materisl also from the cortex. These
changes could be avolded or diminished if the guines pigs
were given extrects of suprarenal cortex combined with
ascorbilc acid (Vitamin C) which 1s normelly found in the
cortex.

McLean, 1936, 1n a controlled serles obtained good
results by administering one teaspoonful of salt per mouth,
three times a dsy for the first four weeks that the petlent

was In hospitsl. In patients who were too 111 to take salt

by mouth he employed continuous rectal salines. In the
patients who did not receive the edditional sodlum chloride
there wes a higher complicetlon rate, and their stay in
hospital was longer than those who did recelve the extra

sodium chloride.

McLean 1937. In cases where death took plaece, he

found that there was a fall in the serum sodium and in the

serum chlorine. By treating the patients with sodium

chloride this fell was mitigsted.
From the date given above 1t is seen that in

diphtherias there 1s:-
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(a) A hypoglyoaemia in prelethal cases and in ceses

whilch recover, a hyperglycsemis.

(b) There 1s some upset in metabollism whereby the
peripheral tissues lose their power to assimilate
the dextrose in the blood.

(c)During diphtheria theré is damege to the suprarenal
glends.

(d)In diphtherie there 1s & deficlency in the blood of
sodium and chlorine.

‘(8) The effeﬁts of the damage to the suprarenal glands
can be lessened by the administretion of sodium
chloride and escorbilc acid.

(f)Dextrose 1s a useful adjunct in the treatment of

diphtheria.

All patients on admlission to hospltal were treated with
flulds, glucose (to which one teaspoonful of sealt per pint of
glucose solution had been added) end liberal supplies of frult
julces, the fruit julces supplylng the ascorbic aclad
(Vitamin C). Three days following the dlsappearance of the
memﬁrane / or discharges, some solld food was gradually
introduced into the diet, and slowly the patignt was brought
beek to normel diet, the time taken for thls being 10-16 days.
As many of the pastients 1iked ice-cream and as 1t contains

sugar, milk and cornflour, this was given each day,

commencing on the 3rd. dey following the disappearance of

the membrene or dlscharges.

j there
Where, in conjunction with the diphtheria,
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appeared & streptocoeccal or staphylococcal infectien of
the throat, the patlents wers given a sulphanilamide
preperation - the preparation used being Streptooide (Evans),
the dose varying from % to 1 gramme 4 hourly.

The patients were glven mouth washes of glyecothymolene
every four hours, and where the patient wss too 11l or too
young the mouth was cleaned by nurss.

Where cervicel adenitls was present, when the patient
had sufflclently recovered from the initiasl toxaemia, he was
given chewing gum. This sppeared to reduce the adenitis
by causing message of the cervical glends by the sction of the
Jaw in chewing.

When the patient hed returned to normal diet, an irom

tonie wés given. The prescription was:-

Syre. Ferrl Phos. Co.

Syr. Ferrl. Iod. a3lv

Syr. Simplex 3 1.

Aq. ad. 31}'
m

Sig.)_j_._l telede 88X 8Qe pPeC e
Treatment of Complications due to the Toxin of Diphtheria.

(a) Cerdiac Paresis. When during the patlent's stay

in hospital, an elevatlon of the pulse rate of more than 1o

beats per minute was observed, the patient was kept lying

flat in bed. If he had been on normal dlet, he was put on

fluids until the pulse rete had fallen. The patlents were

examined frequently in order to determine the tone of the
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heart muscle, snd to detect any arrhythmis which might
be present. If no marked evidence of cardiac disesase
was found, the patient was kept lying down for one week
efter his pulse rate had returned to normal. Thereafter
he was brought to a sitting posture in bed by pillows and so
on until he could get up from bed.

When & definite arrhythmie developed, the patient, in
addition to the treatment detailed above, was given % c.c.
adrenalin hydrochloride solution 1/1000 4-hourly until the
normel rhythm was restored. The foot of the bed was
elevated on blockse.

In acute cerdiac failures, the patient was Immediately
given .5 c.c's of 1/1000 solution edrenalin hydrochloride, the
foot of the bed was elevated, and oxygen was given continuously.
No food was given by mouth, but the patlent was given spicules
of ice to cool his mouth. This treatment was persisted in for
at least 24 hours. If the patient had improved, some fluids
were allowed by mouth, but if not, rectsl glucose was glven.
This treatment was then persisted in untll the patient had
1mproved sufficiently to be allowed some flulds by mouth. The
reason for the stopping of oral feeding 1s thet one of the
cardinal symptoms of cardiac failure in diphtherie is vomiting.

If no food is put into the stomech, the risk of vomlting 1is

lessened.

(b) Pelatal Paresis. As soon as this complication was

recordad, the petient was kept in the recumbent position until
) , -
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one week after his speseh hed returned to normel. While
suffering from this psresis, he was given a fluid diet
which was administered to him by nurse, who took care that
none of the food passed into the respiratory tract. The
patient was graduelly brought to the sitting position, and
finelly sllowed té get up from bed.

(e) Albuminuria. This was treated by the patient's
»being given a diet consisting meinly of flulds, cerbo-hydrate
end milk. Return to normel diet was greduvual and was on the
lines followed in the nursing of acute nephritise.

(d) Ocular Paresis. This occurred in six patients,
all of whom were in the seme ward at the same time. The
paresis took the form of & third nerve peslsy, with external
strabismus, diplopis, dileted pupils, loss of power of
accommodation end no resction to light. The siz petlents
were kept together in the convelescent part of the ward, which

was darkened. They were kept lying flat, fed on fluids,

and were not allowed to read. They all recovered. No

pethological condition of the retina or optic nerve was seen

on ophthalmoscopic exaeminatlon.

Treatment of the complications due to serum.

() Serum Rash. The patient was given  to 1 cec. of

171000 adrenalin hydrochloride solution, and cooling
applicetions of eslamine lotlon or methylated spirit were

applied. At the same time, calcium gluconate (10 grse. t.l.d.)

was glso givene.
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(b) Arthritis. This was treated by sodium salicylate
énd sodlum bicarbonate @ & gr. 5 - 10 qei.d. In this case
the pein iIn the ankle joints was very severe, & cage being
used to teke the weight of the blenkets from the feete. The
eankles were rubbed with methyl salicylate end wrapped in
cotton wool. Recovery was complete.

(e¢) Albuminuria. The two cases which developed this
complication also had en accompanying serum rashe. +5 ce.o's
of a 1/1000 solution of adrenelin hydrochloride was given
subcutaneously every four hours until the albuminurias had

¢lesared up.
(d) Adenitis. This involved the cervical glands. The

patient was given sdrenalin .5 c.c's 4-hourly. The condition
wastcured in three days.

(e) Serum Accident or Shocks This occurred in two
cases and was treated by elevation of the foot of the bed,
intramuscular injection of «5 c.c. 1/1000 adrenalin
hydrochloride solution, repeated in 30 mlnutes and in one
hour's time, and sdministration of oxygen.

Strains of C. Diphtheris recovered from the 1,000 Cases.

The literature on the various strains found is

abundant. Anderson et al, (1931) found 1n Leeds that the

Gravis strein predominated. Carter (1933 and 1936) found

the intermediste type to be the most common in the Glasgow
area. In 1936, Certer reported for the first time in the

Glasgow eares the presence Of the two types, named 1lv and vi
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by Wright end Christison (1935). These observers used
McLeod's Tellurlte Medium (1931) . In Belvidere Hospital
- the medium used wes thet of Kerrin end Geze (1936). A1l
cultures were tested for their biochemical and haemolytic
reactions and for their growth in broth. To differentiate
between types iv and vi, animal virulence tests were
necessary.

Taking of the Swab.

Many patients are swabbed and & negetive result is
returned when the clinician 1s sure that the case 1s
diphtherisa. The reasons for this mey be:-

(2) The cese is not diphtheria.

(b) There is frequently present a good deal of

exudate which 1s staphylococcal or strepteococcal

in origin.

(¢) The nurse fails to swab the membrane because of the

resistance of the patient.

Swabbing a patient 1is an operation in whieh the doctor

taking the swab requires the help of & nurse. The doctor stands

ot the side of the bed on the patient's left with a tengue

depressor in his left hand, the swab in the right. The nurse 1s

at the opposite side of the bed, & pencll torch in her left hand,

her right hand stesdying the patlent's head. The patient's

mouth is opened, the light shone into the back of the mouth, the

amount of membrsne noted and then swabbed.

Immedistely this had been done it wes inoculated on to
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e Loeffler's egg medium slope (1884) and, at the same time,
on to a plate of Kerrin end Gaze medium. These werses then
incubated st 37°C. for 24 hours before being examined. Ir,
efter this period, the cultures on these media were negative,
they were reincubated for & further 24 hours, when they were
re-examined. In the meanwhile, a second swab hed been taken
after the first negative had been returned. The second
cultures were subjected to the same treatment. If the result
were negative from all the cultures, a third swab was taken
and all six #ultures were Incubated. Each culture was
examined st the end of 24 hours until 1t had been in the
Incubator for 72 hours. If at the end of thls period sll had
been reported negative, the swab was reported as negative. If
8 positive culture was obtained, 1t was tested for its growth
in broth, its biochemical and haemolytlc resctlons. If the
result were still doubtful when these results were correlated
with the colony appearance on the tellurite medlum, the
eultufe was sent for & virulence test.

Preparation of the Medium of Kerrin snd Gaze.
A. One-and-a-half pounds of minced ox heart muscle is

sdded to 1,000 c.c's of tep water eand the mixture heated

to 4800. and kept ot that temperature for one hour. The

juice is then squeezed out through muslin end filtered

through chardin filter peper in the 1ce chest. The volume
18 not mede up with water. To every 1,000 c.c's of this

filtrate, 20 gremmes of Witte's peptone and 5 gremmes of
s
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Sodium Chloride A.R. sre added. The mixture is now heated
to 45° C. and kept at that tempersture until all the peptone
end selt are dissolved. The pH of the mixture is adjusted
gs follows:-

50 ce.c's of the mixture are heated to 80—9000. for

65~10 mlnutes. The mixture is filtered through paeper and
gllowed to cool. The amount of N/1 NaOH required to bring a
quantity of the mixture to a pH of 7.6 1s calculated and added.
The mixture 1s now filtersd through chardin paper and then
through 2 seiltz E.K. filter disc into a sterile flask. The
filtrate 1is storéd in 100 c.c flesks and tested for sterility
by incubating for 24 hours at 37° ¢,

Be. A 5 per cent. solution of ager is made in water.

The reaction of this does not require to be adjustede.

Quentities of 100 c.c's are placed in 250 c.c's flasks and

autoclaved at 115° C. for 20 minutes.
Ce. A 1 per cent. solution of potassium tellurlte (BeDeHe)

1s made in distilled water. This must be freshly prepared.

D. A quantity of ox serum is sterllized by flltretion.

To 100 ce.c's of mixture (A), 8 c.c's of the

potessium tellurite solution, 15 cec's of sterile ox serum,

2 grammes of saccherose (B.D.H. and A.R.) 8nd 2 cec's of

Andredet's indicator are edded The mixture is heated to

75-80°C. and kept st thet temperature for 10 minutes. During
this heating the mixture should be well shaken to avold

clumping This mixture is now added to @ flesk containing
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5 per cent., agar (B) at 75° C. end this mixture is kept
at that tempersture for 10 minutes. The medium can now be
placed in sterile tubes for slopes or cooled to 45° C. for
plates. The finished product is a semi-opaque buff-
coloured substance.

The appearance of the diphtheria colonies when grown
on this medium ere:-

(a) Gravis, After 24 hours, & well-separeted colony which
1s approximately two mms. In dilesmeter, has a raised centre and
8 slightly irregular edge. The surface 1s usually dullish
and finely granular. The centrel part of the colony 1s pale
grey with a lighter periphery which 1is translucent at the edge.
Thils periphery shows some tendency to radlesl striestion. After
48 hours'! incubation the diemeter of the colony is increased
to 3-5 mmse. The centre 1s dark, the periphery grey, and the
striations are well merked, giving s "daisy head" appearance.

(b) Intermedius. After 24 hours' incubation they are
small umbonete colonies ebout «5 mm. in diameter. The outline
is regular, the surface smooth, the centre dark brown and the
periphery translucente. In 48 hours the slze of the colony has
increased to 1.5 mms. in dlameter, the brown colour 1s more
intense and the periphery is reduced in slze. The edge may be
slightly irregular, and some fine concentric rings sre often
seen on the surface of the colony, which may also be finely

granular.

(¢) Mitis. After 24 hours the colony is about 1 mm. in
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diaﬁeter, low and convex, has a reguler edge and a smooth
surface. The central part 1s black, the periphery pele grey.
In 48 hours the diemeter has increased to 2-3 mms. and the
coleny 1s much blacker. The surface is shiny and only the
extreme periphery remeins s pale colour.

Blochemical Reactions of the Various Streins.

Starche. Glycogen

GI‘BViS-. ------ A EEEEE] < L3
IntermediUS--........ - -
Mitis.-.............. - -

_Typﬁﬂ---.-..--..-.. - -
Typel}. ® 0 s 000 00000000 - -

Growth in Brothe.

Grevis.ces... - Pellicle and Granuler Deposit.

Intermedius - (Granuler.

Mitiseoeovonnn - Uniform Turbidity.
Type iv...... - Pellicle &nd Grenuler Deposit.

Type vi ..... - Pellicle and Grenuler Deposit.
Test for Haemolysis (Hammerschmidt, 1924 and 1925)

Grevisee..... - Non-Haemolytlc.

Intermedius.. - Non-Haemolytlc.

1

MitiSeeeeeons Haemolytic.

Type iv...... - Non-Hasemolytic.

Type Vie..... Non-Hsemolytic.

w
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Animal Pathogenicity.
Gra&is....... +
Intermedius.. *
Mitiseeeseoeoe ¢
Type 1ve..... $
Type vi...... -

No mentlion has been made of the microscopical
eppearances of the different strains of c¢. diphtheriss as, in
my opinion, it 1s not & reliable test.

Anelysis of the 1,000 cases treated with refined
serum is shown (exclusive of negetive cases).

Gravls Intermedlus Mitls Type iv. Type vi

Appearence on .
Tellurite Medium 295 + 17 263 374 8 9

Granular +
Pellicle in _
Broth--....-..-. 295 + 17 - - 8 9

Greanuler in
Brotho...--.nooo - 263 - - -

Uniform Turblidity
in Brotheeesoese - - 374 - -

Fermentaetion of

Starch and

Glycogen......-. 295 - -
Haemolyticeecooo - - 374 -

Pathogenicity for '
Animals.cecosee. 295 not Not Not 8 -
tested tested tested

Conclusions.

The combination of the colony appearances on the
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medium of Kerrin and Gaze, together with the appearasnce
in broth, the biochemical and'haemolytic reactions, affords
& concluslve method, in most cases, of differentiating
between the different streins of c. diphtheriss . In a few
.cases en animal pathogenicity test is necessary to
differentiate between certsin rarer types (iv and vi).

The incldence of the Gravls strein 1s definitely
higher in the Glasgow asree when compered with the reports
by>Carter (1933 and 1936) end the Glessgow Medical Officer
of Health's Report, 1935 (Knightswood Hospltel).

Detailed Analysis of the 1,000 Cases treated with Refined
Serume.

1. Age and Sex.
Age Groups 0-5 6-10 11-20 21-30 31-40 41-50 61-60

Meles...... 93 247 130 42 16 20 6
Femeles.... 98 197 109 29 12 3 0
Totaleeoo.. 191 444 239 71 217 23 5

Of the totel, 552 (55.2%) were males and 448 (44.8%)
were females. 635 (63.5%) of the patients were aged 10 or

under.
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2. Age of Patients and Type of C. Diphtheriss recovered
from Each Case (expressed first as & Percentage of Age Groups
end then as a Percentage of Type of C. Diphtheriss .
Age Groups Grevis Intermedius Mitis Aberrant Negetive.

0-5 61(31.9) 56(29.3) 68(35.6) 3(1.55) 3(1.55)

6-10 133(29.9) 122(27.5) 161(36¢3) 7(1.6) 21(4.7)
11-20 84(35.1) 49(20.5) 85(35.6) 5(2.1) 16(6.7)
21-30 14(19.7) 17(23.9) 38(53.5) 2(2.9) -
31-40 3(11.1) 14(51.9) 6(22.2) - 4(14,.8)
41-50 - 5(21.7) 11(47.8) - 7(30.5)
51-60 - - 5(100) - -
Total 295 263 374 17 51

e —— — e—

Age Groups Gravis Intermedlius Mitis Aberrant Negative.

0-5 61(20.7) 56(21.5) 68(18.2) 3(17.6) 3(549)

6-10 133(45.1) 122(46.3) 161(43.1) 7(41.3) 21%41.2)
21-30 14( 4.7) 17( 6.5) 38(10.2) 2(11.7) -
51-60 - - 5( 1.3) ___- -
Total. 295 263 374 17 51

0f the 0-1C age group, the ages in which the death
rate in diphtherie is highest (Grehesm Forbes, 1932), 30.9% of
the cases had Grevis infections and 28.3% had Intermedius. These
two types sre ususlly sssoclated with the severest clinlcal types
of diphtheris. (Anderson et 21 1931). From the age of 40
upwards, most infections were csused by the Mitls strain.

The Gravis, Intermedius snd Mitis strains hed theilr
highest incidence in the 6-10 age group, the Intermedius having
the highest percentage - 46.3. Grevls came next with 45.1, and
Mitis last with 43.1. Of the Gravis infections, 65.8%

ocourred in children of 10 and under, and 67.8% of the
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Intermsdius occurred in this same age group. With Mitis,

Aberrent end Negstive ceses, the highest proportion of

these wes found in the 6-2C age groups.

3. Dosege of S8erum given in the Various Age Grours (expressed‘
first es 2 Percentsge of the Age Groups end then as s

Percentage of the Number receiving the verious doses).

Age Group. Under £,000 B,000~-4C,000 40,000 Units
Unitse. TUnits. and Overa.
0-5 1¢ (2.9) 121 (63.3) 51 (26.8)
- 6-10 41 (9.2) 263 (52.2) 140 (31.6)
- 11=-20 29 (12.1) 118 (4©.4) 92 (38.5)
21-30 9 (12.7) 32 (45.1) 30 (42.2)
31-40 5 (18.5) 14 (51.8) B (2€.7)
41- 50 6 (26.1) 10 (43.5) 7 (30.4)
51-60 2 (4G 3 (60) -
Totel. 111 561 328
0=-5 19 (17.1) 121 (21.5) 51 (15.6)
6=-1C 41 (36.9) 263 (46.9) 140 (42.7)
11-20 29 (26.1) 11 (21 0) 92 (28.0)
31-40 5 ( 4.5) 14 ( 2 5) 8 ( 2 4)
41-50 6 ( 5.4) 10 ( 1.8) 7 ( 2.2)
Totel 111 561 328
k- — 3 A . — 4

Th; me jority of petlents (56.1%) received & dose of
serum between 8,000 snd 40,000 units. Doses of 40,000 units and
over came next in freguency &nd smell doses of less then 8,000
units were nsed least of sll. The perscsntesge of patients
who recelved doses of less then 8,000 units incressed with age.

The percentage of petients receiving 8,000 te
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40,900 units veried from ege group to sge group, being

63.3% in the O-5 asge group end 45.1% in the 21-30 group.

Of the pstients who received 8,000 units or over, 575 (57.5%)

were bestween the sges of 0-1Ce.

4, Dey of Disesess correlsted with Type of C. Diphtheris
recovered from the cese (expressed first ss & percentage
of Ceses per Dey of Disease 8nd then &s & Percentege of
the Various Types found) «

Dey of

Digsease Grevis Intsermedius Nitis Aberrant Negetive.

1 4(11.8) B(23.4) 19(55.8) - 3(Be9)

2 66(23.2) 02(33.3) 92(33.3) 3(1l.1) 23(6.4)

3 117(32.7) 73({20.4) 148(41.5) 7(1.9) 12(3.5)

4 59(32.9) 42(23.4) €2(34.8) 3I(l.8) 13(7.3)

5 20(28B.5) 33(47.8) 13(1E.9) 3(4.4) -

6 17(24.6) 13(1g.8) 3B(E5.1) 1(1l.4) -

7 - 2(80.0) 2(50.0) - -

8 12(100) - - - -
Totel. 295 263 374 17 51

E————— —— E—— . ———4 —_—

1 4{(1.3) B(Z.C) 1e(E.1) - 3{E.9)

2 86(22.4) 02(34.2) ©2(24.6) 3(17.8) 23(45.1)

3 117(32.€) 7Z(27.4) 14B(Z.8) 7(41.2) 12(23.E)

4 59(20.0) 42(18.2) 62(16.8) 3(17.6) 13(25.5)

5 20( 6.8) 3Z(12.8) 13( 3.5) 3(17.6) -

€ 17( 5.8) 13( 4.9) 38(10.1) 1( 6.0) -

'7 - 2( 006) 2( 006) - -

8 12( 401) - - - -
Total. 285 263 374 17 51

—

Of the 1,000 esses, B46 (B4.6%) hed recelved serum trestment

witbin four deys from the onset of their 1llness. Of the

ceseg which hed & Grevis infection, orly 1.3% received serum
on the first dey of their illness. By the end of the fourth
dev however, B83.3% hsd recelved serum trestment. Of the

Irtermedive, ¥itis, Absrrent snd Negetlve ceses, Bl.2%,
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85.8%, 76.4% and 100% respectively had been given antitoxin

by the end of the fourth dey of illnesse.

5« Day of Disease correlated with the Age of the Patient
(expressed first as a Percentage of the Number of Cases
occurrlng Each Day snd secondly as a Percentage of the

Number of Ceses in Fach Age Group.

Day of
Disease 0-5 6-10 11-20 21-30 31-40 41-50 51-60
1 4(11.7)  7(20.6) 11(32.4) 6(17.7) 4(11.7) 2(5.9) -
2 54(19.5) 128(46.4) 78(28.3) 10( 3.6) 4( 1.5) 2(0.7) -
3 58(16.2) 161(45.1) 74(20.8) 37(10.3) 13( 3.6) 10(2.8) 4(1.2)
4 46(25.6) 179(44.1) 29(16.1) 15( 8.4) 3( 1.7) 6(3.4) 1(0.7)
5 14(20.3) 35(50.7) 18(26.2) 1( 1.4) 1( 1.4) - -
6 9(13.1) 24(34.8) 29(42.0) 2( 2.9) 2( 2.9) 3(4.3) -
7 - 4(100) - - - . -
8 __6(50) 6(50) - - - - -
Total. 191 444 239 71 27 23 5
1 4( 2.1) 7( 1.5) 11( 4.8) 6( 8.4) 4(1l4.8) 2(8.7) -
2 54(28.3) 128(28.9) 78(32.6) 10(14.l) 4(14.8) 2(8.7) =~
3 58(30.3) 161(36.3) 74(30.9) 37(52.1) 13(48.2) 10(43.5) 4(80)
4 46(24.2) 79(17.9) 29(12.2) 15(21.1) 3(11l.1) 6(26.1) 1(20)
5 14( 7.3) 35( 7.9) 18( 7.5) 1( 1.4) 1( 3.7) - -
6 o 4.7) 24( 5.4) 29(12.2) 2( 2.9) 2( 7.4) 3(13.0) -
-7 - 4(0.9) - - - - -
8 6( 3.1) _6(l.8) _ - — - - =
Totele. 191 444 239 mn_ 27 23 5

In this series, in the ege

groups where the mortaslity 1s highest

(0-10 years), 537 out of 635 ceses had received serum before

the end of the fourth day.

The earlier the serum is given, the

better the prognosis and this holds especlally 1n those age

periods mentioned sbove.

very lste were in the 0-10 age group.

Most of the cases thet received serum

For all ege groups, with the exception of the 11-20

group, the percentaege of cases which came under treatment rose

e .

e e
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to 8 meximum on the third day of illness, and theresfber

became lesse. The rate of diminution vearisd in the different

groups.

6. Day of Diseass correlated with Dose of Serum given
{expressed first as a Psrcentage of Cases per Day and

secondly as a Percentage of Cases recelving the defined

Doses) .
Day of Under 8,000 8,000-40,000 40,000 Units
Disqase. Units. Units. and Over.
1 26 (76.5) 4 (11.75 4 (11.75)
2 46 (16.7) 168 (60.9) 62 (22.4)
3 36 (10.1) 226 (63.3) 95 (26.8)
4 2 ( 1.2) 127 (70.9) 50 (27.9)
5 1 ( 1.5) 21 (30.4) 47 (68.1)
6 - 11 (15.9) 58 (84.1)
7 - 3 (75.0) 1 (25.0)
. - 1 ( 8.3) 11 (91.7)
Total. 111 Se1 328
1 26 (23.4) 4 ( 0.7 4 ( 1.2)
2 46 (41.4) 168 (29.9) 62 (18.9)
3 36 (32.4) 226 (40.3) 95 (28.9)
4 2 ( 1.9 127 (22.6) 50 (15.2)
5 1 ( 0.9) 21 ( 3.8) 47 (14.3)
6 - 11 ( Ne) 58 (17.8)
7 - 3(o .6) 1 (0.3)
8 - 1 ( 0.2) 11 (3.4 )
Total. 111 561 328

As the duration of i1llness lengthened before the administration

of antitoxin, the dose required,

increassd.

In the under 8,000 units seriles, the highest number of

patients receiving this dose did so on the second dey of

~1llness.

With the 8,000 to 40,000,and 40,000 units and over,

the highest number receiving this. dose d1d so on the third day.

.

[ER- T
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Thereafter the percentage number fell with the increase of

time but the fall was slower with the over 40,000 units

seriese.

7« The Type of C. Diphtheries recoversed from the Individual
Cases 1s correlated with the dose of Serum given

(expressed as a Percentage of Type of C. Diphtherise) .

Type of C. Under 8,000 8,000-40,000 40,000 Units
Diphtherle. Units. Unlts. and Over.
Gravis. 17 ( 5.8) 121 (41.0) 157 (53.2)
Intermedius. 14 ( 5.3) 121 (46.0) 128 (48.7)
Mitis. 55 (14.7) 281 (75.1) 38 (10.2)
Aberrant. 3 (17.6) 10 (58.9) 4 (23.5)
Negativeo 22 (4301) 28 (55'0) 1 ( 109)
Totel,. 111 561 328

In the Grevis infections, the ma jorlity of the patlents (53.2%)
required a dose of serum of over 40,000 units, 41.0% required
doses verying between 8,000 end 40,000 unlts and only & small
percentage (5.8) wore given less then 8,000 units. With the
Intermedius infections simllar figures were obtained, these
being 48.7%, 46% and 5.3%. In the Mitis infections most of
the ocases (75.1%) were gilven doses verylng between 8,000 and
40,000 units, while 14.7% and 10.2% received less than 8,000
units and over 40,000 units respectively. In the eberrent
cases much the seme results were obtesined, the figures being
58.9%, 17.6% and 23.5%. 1In the negetive ceses 43.1% were
given less thsn 8,000 units, 54.9% between 8,000 and 40,000

units end 2% over 40,000 units.
The Gravis infections required the highest

TR AR A R ST
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dosses of serum. Next in order came (1) intermedius,

(2) mitis, (3) sberrant, and (4) negetive cases, whioch

required least of all.

Fauciel diphtheria 1s divided into four different
clinical typses accordihg to the amount of membrene present.
(a) Mila: Where there was membrane amounting to the size

of e threepenny pilece on one or divided between both
tonslls, these cases required a dose of serum up to
8,000 units for their cure.

(b) Moderate: Where the total membrane on one or divided
between both tonsils emounted to the size of a florin,
they required a dose of serum verying between 8,000 and
32,000 units.

(c) Severe: Where the membrane was present on both tonsils
end had spread on to the uvule, these cases required a
dose of serum verying from 32,000 units to 80,000 units.

(d) Haemorrhegic: Wherse both tonsils, uvula and the hard
palate were covered with membrene snd there wes bleeding
from the edges of the membrane, these cases required

from 80,000 units upwards for their cure.

8. Type of C. Diphtherise recovered from the Different

Clinical Varieties of Diphtheris, expressed as a Percentage
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of Clinical Cases. Cervical Adenitls 1s expressed as a

Fercentage of Cases.

Clinicel
Type . Gravis Intermedius Mltis Aberrant Negative.
Faucial:
(b) Moderatell2(28.9) 103(26.4) 152(39.4) 8(2.1) 12(3.2)
(c) Severe  68(41.7) 51(31.3) 38(23.3) 2(1.2) 4(2.5)
(d) Hesemor-
rhagic 23(47.0) 14(28.5) 12(24.5) - -

Nesal 4(21.0) 2(1005) 15(6805) - -
Laryngeal - - 15(6500) - 7 (55 00)
Pauciel end

Nasal 64(33.3) 73(38.3) 52(27.4) 2(1.0) -
Cervical
Adenitis 220("74 .6) 160(60.8) 140(31.6) 6(35.3) lgilQ.S)
Total. 295 263 374 17 51

As the clinical severity of the case increased, the percentage
of Gravis and Intermedius infections increased. As these types
increased, the percentage of mitis, aberrant and negative cases
decreased.

Cerwical adenitis was common 1n diphtherla, occurring most
frequently in Gravis infections and decreasing in frequency 1n the
intermedius, sberrsnt, mitis and negetive cases, in that order.

Death and Complication Retes.

These fecoctors very greatly in different series. Anderson
et a1l (1931) found the Gravis strsin to be essociated with a
high death &nd complicatlon rete, while Carter (1936) found the
intermedius stresin to be the type having the hlghest desth and

complication reste.

Serum reactions have been deeglt with in previous cheptere.

(a) The following table shows the Type of C. Diphtheriae
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rascovered correlasted with the various complications observed
end with the deeth rete (expressed as Percenteges of the number
of the Types found).
Complication. Gravis. Intermedius. Mitis Aberrant Negastive.

Cardisac

Peresis. 22(7.4) 12(4.5) 2(0.5) - -
Paletsl ,, 18(6.1) 16(6.1) 6(1l.5) 1(56.9) 1{2.0)
Oculer ,, - 6(2.3) - - -
Deeth Rete 16(5.4) B(3.0) 3(0.8 1(5.9) 1(2.0)

The Grevis infections, with the exception of the sberrant strein
(ses below) hed the highest complicetior retes, with the
intermedius cases coming next in frequencye. The mitis= cases
had the fewest complicetions. The complications shown under
.tha aberrant column 211 occurred in the same cese - & case of
Type iv. The negetive cases with complicetions were two very
111 petients from whom 8 persistent negetive swab was

obtained, although the ceses were typlcally diphtherie. Three
of the deaths were not due directly to diphtherie. One was

due to 8 nursing sccident and two were due to septilc

meningitis following upon mastoiditis. The two cases developed
mastoiditis some weeks after sdmission to hospltal. They first
hed 2 septic tonsilitis then developed otitls medie, which
progressed into mestoliditis. Both cases were operated on for

mestoiditis, but developed septic memingitis end dled.
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(b) Death and Complication Rates correlated with the Age of the
Patient (expressed as Percentage of the Age Group) .

Age Groupe. Albuminuria Paslatsl Cardiac Oculsr Death
Paresls Paresis Paresis Rate.

6-10 17(3.8) 16(3.6) 12(2.7) 3(0.7) 8(1.8)
31-40 1(3.7) 3(11.1) 1(3.7) - -
41-50 - - - - -
61-60 - - - - -

Total., 36 42 36 6 29

Generally, the percentage of complications was highest in
the 0-5 age group.

Albuminuria occurred in 4.2% of children under five.
Thereafter the percentage fell until the 21-30 group was

reached, where there was & sharp rise, even above the 0-5 flgure,

end then 1t fell sgain.
Palatal paresis was, apart from a slight fell in the

6-10 age group, a progressively more frequent complication with
age, up to the sge of 40.

Cardilac paresis, typified by rise 1ln pulse rate, with
or without irregularity of the rhythm, loss of tone of the
heart, muscles and softness of the pulse, was most frequently
found in the 0- 5 age group. The incidence rose in the 11-20
and the 31-40 sge groups, but was never so high &s in the filrst

age groupe.

Ocular paresis occurred most frequently in the 0-5

age groupe.
Deeth rste wes highest in the very younge. It fell
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in the 6-10 group but rose again in the 11-20 group, but not

so high as in the 0-5 group.

Death end Complicaetion Rates correlated with Day of Disease

(expressed as Percentagesof Day of Disease) .

Day.of Albuminurie Palatasl Cardisc Ooulsr Death

Discase. Paresls Paresis Paresls Reate.

l - - 1(2|9) - -

3 7(1.7) 10(2.8) 8(2.2) 4(1.1) 7(1.7)

4 14(7.8) 12(64.7) 10(5.6) 2(1.1) 6(3.4)

7 - - 1(25.0) - 1(25.0)

8 - - _2_(_16 0'7) __' 2(16 Q‘Z)
Totel. 36 42 gz =6= g‘i—;

As the time before treatment was commenced increased, so did

the incldence of complications 1lncreass.

In all complications

(with the exception of the cerdiac peresis) the incidence

increased up to the fifth day.

complications beceme Irreguler.

Thereafter the incidence of

This was probably due to some

of the cases being very mild end having been swabbed by the

practitioner because of some small patch becoming apparent.

Death and Complication Rates correlated wlth the

Clinical

Types of Diphtheris (expressed as Percentages of Clinical Types) .

Clinicel Albuminuria Pslatel Cardisc Ocular Death
Type . Paresis Peresis Paresis Rate.
FPaucial:
(a) Mild 2(1.2) 3(1.8) - - -
(b) Moderate 3(0.8) 4(1.0) - - -
(¢} Severe 5(3.1) 7(4.3) 1(0.6) 6(3.6) 1(0.6)
(d) Haemor-
rhagic 13(26.5) 14(28.7) 14(28.7) - 16(32.7)
Nesal - - - - -
Leryngeal - - 4(20.0) - 2(10.0)
Faucial and ‘ .
ucNasal 13(6.8) 14(7.3) 17(8.9) - 10(5.2)
Totsl, 68 42 36 6 29

= ===

= 3
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With the exception of the moderste fsuclal cesses, as the
clinicel severity of the case increased, so did the
incidence of complications. The feucial-nasal casss
occupied an intermediate position between severe and
haemorrhagiec fauciel cases when considered in terms of
complications.

Cerdiac complications occurred in 20% of the cases
of laryngeal diphtheris.

Dose of Serum.

The tendency 1s tc increesed dosage. This hes been
mede more sasy through the serum being eveileble in
concentreted form. Perk (1921) sdvocsted 50,000 units es
the lergest dose of serum thet should be given. Ble(1922)
geve up to 340,C00 units with good results. In Lorndon
(privetely communiceted) lerge doses up to 400,000 units
hsve been gilven. In the series urder consideretlon the
lergest dose given was 312,000 units (with recovery)

Park (1921) was of the opinion thet one large dose
should be sufficient for & cese, but Bie (1922) end Friedmann
(1922) thought thet sdditionsel doses should be given 1If
NecesSSary. In the 1,000 cases dealt with, second, third
end fourth doses were given. This should be done, because
freguently with Gravls end Intermedius cases which heve
received o lerge initial dose the membrene spreeds rapidly
instead of diminishing. If efter 24 hours from the time of

the sdministretion of the serum the membrerns is still



«140.
spreeding, more serum should be given. Of the 1,000 ceses
treeted, 205 hed two injections of serum, 44 hed three end

© hed four seperste injections.

&n Anelysis of the Groups of Teses
treated eccording to the Differsnt
Routes of Administretion of the Serum.

1e Intrevenous.

Method of Administering the Serum intrasvenously.

A 10 cec. side nozzled (record) syringe wee used. The
empoule conteining the serum wes heeted in weter to blood-hest.
The petient's erm wes cleansed with methyleted spirit, dried
end heléd flet on the bed. Pressure on the upper srm wes
exerted by the hand of the sister in charge of the ward. This
wes spplied for 30-60 seconds end the petient told to open and
shut his hande. The serum wes then slowly injected imnto the
cephelic or basilic veln, about 2 c.c's of serum per minute.
The petient wes kept under close observetlon for any sign of
serum resction.

Anelysis of the 150 ceses trested.

(1) Age &nd Sex
Age Groups  0-5 6-10 11-20 21-30 31-40 41-50 51-60

M¥sles 13 41 17 v ) ] -
Femeler 16 2% 15 ) 2 1 -
Totele 29 68 32 13 ! 4 -



. 141.
Of the totel, 83 (55.3%) were meles and 67 (44.7% were
femeles, 97 (64.7%) of the patlents were in the 0-10 age
group.
(2) Age of Patient snd Tupe of C. Diphtheriss recovered from
each Case (expressed first as & percentage of sge groups

eand then as & percentage of Type of C. Diphtheriss) .

Age Groups Grevis Intermedius Mitils Aberrant Negative.
0-5 B8(27.6) 6(20.7) 14(48.3) - 1(3.4)
6-10 19(27.2) 18(26.5) 28(41.2) - 3(4.4)

11-20 9(28.1) 17(21.9) 15(46.9) - 1(3.1)
21-30 7(53.8) 4(30.8) 2(15.4) - -
31-40 2(50.,0) 1(25.0) 1(25.0) - -
41-50 - 2(50.0) 2(50.0) - -
51-60 - - - - —_—
Total, 45 38 62 - 5

0-8 8(17.8) 6(15.8) 14(22.6) - 1(20.0)

6-10 12(42.2) 18(47.4) 28(45.2) - 3(60.Q)
11-20 9(20.0) 7(18.4) 15(24.2) - 1(20.0)
21-30 7(15.6) 4(10.5) 2(3.2) - - °
31-40 2(4.4) 1(2.8) 1(1.6) - -
41-50 - 2(5.3) 2(3.2) - -
51-60 - - - - -
Toteal. 45 38 62 - )

Of the 0-10 age groups, 27.8% had grevis infeetions and 23.6%
intermedius. There was & hlgh incidence of the gravis strain
in the 21-30 age group, where it was 53.8%. Of four cases

in the 41-850 age group, two were of the intermedius and two

wore of mitis strain.

The grevis, Intermedius end mitis streins hed theilr

highest incidence in the 8-1C sge group and thereafter fell

progressively in the succeeding sge groups. There wes a

slight rise in the intermedlus 2nd mitis percenteges 1in the

41-5C sge groupe No sberrsnt types were found end five
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elinical cases of diphtheris had negative swabs.

(3) Dosage of Serum given in the Verious Age Groups

(expressed first as & Percentage of the Age Groups and

then as a Percentage of the Number receiving the various

Doses) .

Age Group.

0-5

6-10
11-2¢
21-30
31-406
41-50
51-60

Totale.

~Age Group.

0-5

6-10
11-20
21-30
31-40
41-50
51-60
Total.

Under 8,000

8,000- 40,000

40,000 Units

Units. Unlts. and Over.
8(27.6) 12(41.4) 9(31.0)
12(17.7) 31(45.6) 25(36.7)
9(28.1) 16 (50 .0) 7(21.9)
2(15.4) 4(30.8) 7(53.8)
2(50.0) - 2(50.0)
35 63 52
Under 8,000 8,000-40,000 40,000 Units
Unitse. Unitse. and Over.
8(22.9) 12(19.1) 9(17.3)
12(3443) 31(49.2) 25(48.1)
9(2547) 16(25.4) 7(13.5)
2(5.7) 4(643) 7(13.5)
2(5e%7) - 2(3.8)
2(5.,7) - 2(3.8)
35 63 52
- — - — 4 t - - 3

Of the 150 cases treated, 63 (42.0%) received a dose of serum

varying from 8,000 to 40,000 units.

Doses of over 40,000

units ceme next in frequency, and the smallest dose was

employed least of all.

the cases regeived over 40,000 units.

In the 21-30 sge group 53.8% of

All three doses hed thelr highest incidenee of

sdministretion in the 6-10 age group eand thereafter the

incidence fell in the older age groups.
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Diphtheriese recovered from the casses (expressed

firstly s a percentage of cases per day, and

secondly as a percentege of the various types found) .

Day of
Disease Gravis Intermedius Mitis Aberrant Negative.
1l 1(11.1) 2(22.2) 5(55.6) - 1(11.1)
2 | 12(24.5) 17(34.6) 19(38.8) - 1(2.1)
3 J 15(28.3) 12(22.6) 24(45.3) - 2(3.8)
S 3(37.5) 1(12.5) 4(50.0) - -
8 2(28.6) 1(14.3) 4(57.1) - -
v - 2(66.7) 1(33.3) - -
8 3(100.0) ___ - - - -
Totel 45, =S g2 - 5
2 12(2647) 17(44.7) 19(30.7) - 1(20.0)
3 15(33.3) 12(31.6) 24(38.7) - 2(40.0)
5 3(6e7) 1(2.6) 4(6.4) - -
6 2(4.4) 1(2.6) 4(6.4) - -
7 - 2(503) 1(106) - -
8 3(6.7) - ____"' - __"
Total. 45 38 gg= - _2_

Of the 150 cases treated, 129 (86.0%) had been given serum

before the end of the fourth day of their illness. Of the

Grevis infectlons only 2.2% had received sntitoxin by the end
of the flrst day. By the end of the fourth day 82.2% had
been given serum treatment. For intermedius, mitis and

negative cases the flgures were 5.3%, 8.1%, 20% and 89 .5%,

85.6%, 100% respectively. No aberrent types were found in

this group of cases.
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(5) Day of Disease correlated with the Age of the Patient
(expressed first as a percentage of cases per day and
secondly as a percentage of the number of ecases 1n each
age group) .

Day of  0-5 6-10 _11-2C . 21-30 31-40 41-50 51-60
Disease. ‘ ' '

1 2(22.2) 2(22.2) 3(33.4) 1(11.1) - 1(11,.1) -
2 0(18.6)22(44.9)10(20.1) 6(12.2) 1(2.1) 1(2.1) -
3 10(18.8) 25(47.2)10(18.8) 4(7.6) 3(5¢7) 1(1.9) -
4 5(27.8) 6(33.3) 4(22.2) 2(11.1) - 1(5.6) -
5 2(25.0) 3(37.5) 3(37.5) - - - -
6 1(14.3) 4(57.1) 2(28.6) - - - -
7 - 3(100) - - - - -
8 - 3(100) _ - - - - -
Total 29 68 32_ 13 4 4
2 9(31.1)22(32.4) 10(31.2) 6(46.1) 1(25.0)1(25.0) -
3 10(34.5) 25(36.8) 10(31.2) 4(30.8) 3(75.0)1(25.0) -~
4 5(17.2) 6(8.8) 4(12.5) 2(15.4) - 1(25.0) =~
5 2(649) 3(4.4) 3(9.4) - - - -
6 1(3.4) 4(5.9) 2(6.3) - - ~ -
7 - 3(4.4) - - - - -
8 - 3(404) ____" _____' ___‘ —_— - -
Totel 29 68 32 13 4 4

otm—— esem—n
———— S

Of the 150 cases, 97 were under the age of eleven, end of this
97, 81 had received serum treatment by the end of the fourth
dey of their illness. Three cases in the 6-10 group did not
receive serum treatment until the 8th. day of their 1lllness.

In all ages, with the exception of the 21-30 and 41-50
age groups, the percentasge number of cases sent to hospital
rose to & meximum on the third dsy of 1llness and thereafter
fell. In the 21-30 group the meximum was reached by the
second day, and in the 41-50 group the percentage was the

same on the first, second, third snd fourth deys.
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Dey of Under 8,000 8,000-40,000 40,000 Units
Disease. Units. Unitse. end Over.

l 9(10000) - -

2 15(30.6) 24(49.0) 10(20.4)

3 11(20.7) 24(45.3) 18(34.0)

4 - 9(60.0) 9(50.0)

5 - 3(37.5) 5(62.5)

6 - - 7(100.0)

7 - 3(100.0) -

8 - - 3(100.0)
Total _22, ,22, 52

1l 9(25.7) - -

2 15(42.9) 24(38.1) 10(19.3)

3 11(31.4) 24(38.1) 18(34.6)

4 - 9(14.3) 9(17.2)

86 - 3(4.75) 5(9.7)

6 - - 7(1304)

7 - 3(4.75) -

8 - - _3(5.8)
Totel 35 63 52_

Deley in dlagnosing the dlseese led to larger doses of serum
having to be given.

The me jority of patients who received less than 8,000
units of serum did so on the second dey of disease. Of the
patients who received 8,000 to 40,000 units or more then 40,000
units, the majority in the first serles, were given serum on
the second dsy, and in the latter group, on the third day.

Thereafter the numbsrs decreased.
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(7) Type of C. Diphtheris recovered from the individusl
ceses correlated with the dose of serum given

(expressed as a percentage of Type of C. Diphtherise).

Type.of C. Under 8,000 8,000-40,000 40,000 Units
Diphtheriss. Unitse. Unitse. and Over.
Gravis 4(809) 17(3708) 24(5305)
Intermedius 5(13.2) 15(39.6) 18(47.2)
Mitis 25(40.3) 28(45.2) 9(14.5)
Aberrant - - -
Negative 1(20.0) 3(60.0) 1(20.0)
Total. 35 63 52

In the grevis infections most of the psatients (53.3% required
over 40,000 units of serum. 37.8% and 8.9% required 8,000 -
40,000 and less thasn 8,000 unilts respectively. With the
intermedlius infections similer figures were obtalned. 1In the
mitis and negetive ceses the highest percentage of these
required between 8,000 eand 40,000 units of serum.

(8) Type of C. Diphtheri=m recovered from the different
Clinicsl verieties of diphtherie (expressed as a
percentage of clinical types. Cervical edenitis 1is
expressed as @ percentage of cases with eeach strain

of C. Diphtheris).
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Cliniesl
Type. : Grevie Intermedius Mlitls  Aberrant Negstive
Taucial:
(&) Milg B(23.5) 6(17.6) 17(5C«0) - 3(849)
(b) Modsrete 9(20.5) 7(15.9) 27(61.4) - 1(2.2)
{(c) Severs 10(40.0) 4(16.0) 10(40.0) - 1(4.0)
(d) Haemorr-
hsgic 8(42.1) "7(36.8) 4(21.1)
Nassel 2(100.0) - - - -
Leryngesal - - -
Teucisl and
Na.sal 8{30.8) 14(53.8) 4(15.4) - -
Cervical
Adenitis 32{71.1, 20(52.6) 25(406.3) - -~
Total. 45 38 62 5

Ce diphtheris grasvis end Intermedius were essocleted with
the more severe clinical types of diphtherisa. The
intermedius strain was found most freguently 1n fauclal-nesal
0880 S, The percentage incidence of cervical adenitis wes
highest with gravls infections, lowest with mitis and

the intermedius occupied the iIntermediete position.

Baath and Complication Ketes.

Pype of C. Diphtheriss recovered correlated with the various
complications observed and the death rete (expressed &s s

percentege of the number of the varlous types found) .

Complicetion. Gravis Intermedius Mltis Aberrant Negative.

Albuminurie {133} 4(10.5) 3(448) - 2(40.0)
Cerdiac Pares£isl0(22.2) 8(15.8) 1{1.8) - -
Paletal . 9(20.0; 7(1lE.4! 2(3.2) - 1(20.0)
Geular s - - - - -
Death Rate 6{13.3} 4(1G.5) 1(1.6) - 1(20.0)

Two negative ceses hed albuminuris. One had palstal peresis
and one died. These two negetive cases have been mentloned
before. The case which died, Jdied through an accident in

nursing - & probetioner giving the child & sweet whaich passed
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Into the respirestory psssages, end desth was due %o
aaphyxie. Gravis had the next highest incidence of
complications, intermedius following gravis, and mitis
comlng last.
(b) Death and Complication Rates correlsted with the sge of the
- patient (expressed as percentages of the sge group).

Age Group. Albumlinurie Pseletsl Cardiac Ocular Death Rate.
Paresls Paresls Paresis

0-5 3 (10.4) 2( 6.9) 4(14.5) - 4(14.5)

6-10 6 ( B.8) 9(13.2) 5( 7.3) - 3( 4.4)
11-20 2 ( 643) 4(12.6) 5(15.6) - 4(12.6)
21-30 4 (30.8) 2(15.4) 2(15.4) - 1( 77)
51"'40 - 2(50-0) 1(2500) - -
41-50 - - - - -
51-60 - - - - -
Total. 15 19 17 }g=

Albuminurie, peletel pveresis end cerdlec peresis all tended

to become more frequent with ege. Albuminurle and cardiac

peresis hed & high incidence in the 0-5 age group, fell in

the 6-10 group and then rose again. The death rete was

highest in the 0-5 and 11-20 age groups.

(¢) Death end Complicetion Retes correleted with Dey of Disesse
(expressed &s percenteges of Dey of Disesse).

Dey of Albuminurise Paletal Cardisac Ocular Death Rate.

Disease. Paresis Paresis Paresls
1 - - - - -
2 2 ( 4.1) 4( B.2) 3( 6.1) - 1( 2.0)
3 4 ( 7.4) 5( 9.4) 3( 5e7) - 3( 5.7
5 4 (50.0) 3(37.5) 3(37.5) - 2(25.0)
6 - 1(14.3) 2(28.6) - 1(14.3)
\7 - - 1(33.3) - 1(33.3)
8 - - 1(33.3) - _lLSB.S)
Toteal. 15 19 17 12

No complicetions occurred when the serum was given on the first
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day of illness. The incidence of all complications
increased up to the end of the fifth day. Palatal peresis
then fell in the sixth dey and no further caeses were
recorded In the 7th. and 8th. deys. Cardisc paresis and
the death rate fell in the sixth day and rose agein in the
7th. and 8th. day.

Death and Complicaetion Rates correlsted with the c¢linioal

Type of Diphtheria (expressed as percenteges of clinicel types).

Cliniceal Palatal Cardiac Ocular Death Rete.
Type Albuminuris Paresis Paresls Paresis
Faucial:
(e) Mild. 1( 2.9) 2( 5.9) -
(b) Moderste 2( 4.5) 2( 4.5) - - -
(0) Severe 2( 800) 2( 800) 1( 4.0) l( 4:0)
(d) Heemor-
rhagic. 5(26.3) 8(42.1) 9(47.4) - 7(36.8)
Nasal - - - - -
Laryngeal - - - - -
Faucisl and
Nasal. _§119.2) _§119.2) _1126.9) - _3115.4)
Total. 15 19 17 12

As the clinlcal severlity of the case lncreassed so did the
Incidence of complications. Fauciasl-nasal cases occupled

the intermediate place betwesn severe and haemorrhaglc feuclal
diphtheria when considered in terms of complicetion and

death rates.

Dosage of Serum given. The number of csses which received a

dose of serum over 32,000 units was 74, elmost 50% of the
c8ses. 24 patients had two doses of serum, four had three
doses, but none had s fourth Injectlon of serum. The

meximum dose given was 168,000 units, the minimum 4,000,
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and the average, 42,500 units.

Rate of Disappearasnce of Membrene/ or Discharge/ or
Cerviea)l adenltis.

The maximum time teken for the membrane/or discharges/
of glands to clear up was 156 hours. Thls case was a boy of
14 years who was given serum on the second dey of 1llness. The
membrene was on both tonsils, soft end hard pelate. The
organlsm recovered was of the grevis strein. The minimum time
was elght hours; the average, forty-seven hourse.

Rate of Dlsappesarance of Toxaemla.

Toxaemia was divided into five stages: (1) No toxaemia
(2) Mild, (3) Moderste, (4) Severs, and (5) Comatose.
Mild Toxaemia - pulse normael in rhythm but slightly quicker

than normel - up to 90 beats per minute. Respiration rate
normal. Temperature slightly elevated (99° F.), but
patient eble to answer verbal questions.

Moderate Toxsemis - pulse - soft and regular in rhythm, but

fest (120 beats per minute) . Respiration rate quickened up
to 26 per mlnute. Patient slightly mentslly confused.
Tempersature elevated (100-101°F.) Patient may or mey not have

been sloke.

Severe Toxasmis - pulse fast or slow, soft, lrregular in

rhythm. Resplration rate over 26 per minute &nd patient
slightly cyanosed. Skin cold, temperature normsl or
slightly subnormsle. Frequent sickness, tongue dry and furred.

Patient mentally confused.
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Comatose Toxaemls - patlent very drowsy or unconscious.

Pulse feeble, irregular, fest or slow. Respirations fsst
and gasping. Skin cold and bathed 1n perspiration.
Temperature subnormal, eyes sunken end dry. Frequent
slckness. Tongue furred on dorsal and ventral surfeces.
Twonty-seven patients had severe toxeemia, sixty moderste,
fifty-one mild and twelve showed no toxlc effects. The

maximum time was teken for the toxaemla to pass off was

160 hours. This case was a boy aged 8 years, who, although

the membrane and discherges had clsared up in 48 hours,

st1ll remained toxic. The organism recovered was of the
grevis straine. The minimum time was 12 hours, the average -
40 hours.

Intramuscular end Intravenous Injection.

250 cases were treatede The Intravenous serum was given
as before, the intramuscular serum was injected into the
vastus externus muscle of the thigh. The same observations
woere. made upon esch cese.

(1) Age and Sex.
Age Groupse. 0-5 6-10 11-20 21-30 31-40 41-50 5l1-60

Males 23 72 26 8 4 6 -

Female s 24 56 23 S5 2 1 -
Total. 47 128 49 13 6 Vi
T——— - ———1  ——3 - ———1 = ==

The me jority of the 250 cases (224) were under the age
of 20. Of the 250 cases, 139 were males and lll were

females.
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(2) Age of Patients correlated with the type of C.
Diphtherias recovered from each cese (expressed first as
& percentage of age groups and then as & percentage of the

-type of C. Diphtheries)

Age Group Gravls Intermedius Mitils Aberrant Negative.
0-5 17(36.2) 15(31.9) 14(29.8) - 1(2.1)
6-10 36(28.1) 30(23.4) 68(46.8) - 2(1.7)

11-20 12(24.5) 10(20.4) 16(32.6) - 11(22.5)
21-30 4(30.8) 4(30.8) 5(38.4) - -
31-40 1(16.6) 4(66.6) 1(16.66) - -
41-50 - - 7(100.0) - -
51-60 - - - - -
Total. 70 63 103 - 14

e — - C— ———

0-5 17(24.3) 15(23.8) 14(13.6) - 1(7.1)

6-10 36(51.4) 30(47.8) 60(58.3) - 2(14.3)
11-20 12(17.2) 10(15.8) 16(15.5) - 11(78.6)
21-30 4(5.7) 4(6.4) 5(4.8) - -
31-40 1(1.4) 4(6.4) 1(0.9) - -
41-50 - - 7(649) - -
61-60 - - - - -
Totel 70 63 103 14

Of the 0-10 age group, 32.2% suffered from gravis and 27.6%
from intermedius infections. In the 31-40 age group there
was a high incidence - 66.7% of intermedius cases.

Grevis infections had the highest incidence 1n the 0-5
group, Iintermedius camenext, followed by mitis and negative

cultures, which occurred 1n the lowest percentage. From the
age of 10 onwerds there was & sharp fall in the incidence of
gravis strains until efter the sge of 40 none were recorded.
With intermedius and mitis the numbers also fell after the age
of 10, but did not fall so repldly as the grevis strains. In

the negative series, no further cases were recorded after the
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age of twenty. The highest 1ncidence of gravis,
intermedius and mitls cases occurred in the 6-10 age group,
but of the negaetive cases the highest incidence occurred in
the 11-20 age group.
(3) Dosage of Serum glven correlated with ege groups
(expressed first as a percentage of the age groups then as

percentages of the number receiving the defined doses).

Age Group. Under 8,000 8,000-40,000 40,000 Units
' Units. Unlts. and Over.
0-5 6(12.7) 19(40.4) 22(46.9)
6-10 20(15.6) 57(44.6) 51(39.8)
11-20 10(20.4) 26(53.1) 13(26.5)
21-30 4(30.8) 6(46.1) 3(23.1)
31-40 1(16.66) 4(66.66) 1(16.66)

41-50 1(14.3) 6(85.7) -
51-60 - - —_—
Total. 42 118 90
0-5 6(14.3) 19(16.1) 22(24.4)
6-10 20(47.6) 57(48.3) 51(5647)
11-20 10(23.8) 26(22.0) 13(14.4)
21-30 4(9.5) 6(5.1) 3(3.3)
51-60 - - -
Totel. 42 118 90

Of the 250 cases treated, 118 (47.2%) received an injection
of between 8,000 end 40,000 units of serum. Doses of 40,000
units end over were used more than twice as often as doses
of under 8,000 units (36% to 16.8%) . With the 8,000 -
40,000 unit dose, the percentage frequency that this amount
was given,rose progressively with the age groups, with the
exception of the 21-30 age groupe.

The percentsge of cases in the 0-5 sge group which
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received doses of 40,000 units and over was high (46.9).

This number represented 24.4% of 21l doses of serum of

40,000 units and over given in this group of cases. Of

the groups of doses, all had thelr highest inoidence in

the 6-10 age group and fell thereafter.

(4) Dey of Disease correlated with the Type of C. Diphtherises
recovered from the case (expressed first as s percentage of
the cases occurring per day and secondly &s & percentage of the

various types of C. Diphtheries ).

Day of
Disease. Gravis Intermedius Mitis Aberrant Negative.
2 19(24.1) 24(30.4) 28(35.4) - 8(10.1)
3 21(29.2) 12(16.7) 39(54.1) - -
4 16(34.8) 11(23.92) 14(30.5) - 5(10.8)
S 6(31.6) 9(47.4) 4(21.0) - -
6 4(22.2) 4(22.2) 10(55.6) - -
'7 - - 1(100.0) = -
8 5(100.0) - - - -
Total. 70 63 103 14
i — — t_ ————aad -]
1 1(1.4) 3(48) 7(6.8) - 1(7.1)
2 19(27.1) 24(38.0) 28(27.2) - 8(57.1)
3 21(30.0) 12(19.0) 39(37.8) - -
4 16(22.9) 11(17.5) 14(13.6) - 5(3548)
5 6(8.6) 9(14.3) 4(3.9) - -
6 4(5.7) 4(6.4) 10(9.7) - -
7 - - 1(1.0) - -
8 3(4.3) ___- - -
Totel. 70 63 _ 103 - ;§=

Of the 250 ceses, 209 (83.6%) had received serum treatment
within four days from the onset of their 1llness. The
inocidence of the grevis strain was low on the first day &nd
rose from then onwards until the fifth day, when 1t begen

to fall. The three cases which occurred on the 8the day
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were 81l grevis, giving @ 100% incidence. The intermedius
cases hed a high incidence on the lst. end 2nd. deys; 1t
then fell on the third dey, rose on the 4th. and 5th. &nd
fell agein on the 6th. dey. No further intermediue ceses
were observed after the 6th. dey. Mitis ceses had & high
incidence on the lst. dey which fell on the 2nd. rose on
the 3rd., fell on the 4th. and 5th., end rose agein on the
6the and 7the. No ceses were observed in the 8th. day.
With the negetive ceses the incidence was 8.3% on the lst.
deye. This rose to 10.1% on the 2nd., fell to zero on the
3rd., rose to 10.8% on the 4th. dey, and theresfter no cases
were observed.

Of the various types of C. Diphtherise , 1.4% of
gravis, 4.8% of intermedius, 6.8% of mitis and 7.1% of
negative ceses had received serum within the lst. day of
1llness. By the end of the 4th. dey the figures were 8l.4%
grevis, 79.3% intermedius, 85.4% mitls and 100% negative

CEBO8.
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(8) Day of Disease correlsted with the age group (expressed
as a percentage of cases per day and secondly as a
percentage of the cases in each age group) .

Day of
Disease. 0-5 6-10 11-2C 21-30 31-40 41-50 51-60

1 1{(8.3) 2(16.7) 4(33.3) 3(25.0) 2(16.7) - -
3 16(22.2)27(37.5)20(27.8) 3(4.2) 2(2.8) 4(5.5) -
4 12(26.1)26{56.5) 3{(6.5) 3(6.5) 1(2.2) 1(2.2) -
6 2(11.0)10(55.7) 3(16e7) 1(5.6) - 2(11.0) -
7 - 1(1c04 - - - - -
8 - _3(1C0.0) - - - - -
Total. 47 128 49 13 6 7

1 1(2.1) 2(1l.5) 4(8.2) 3{23.1) 2(33.3) - -
3 16(34.1)27(21.1)20{4C.8) 3({23.1) 2(33.3) 4(57.1) -
4 12(25.5)26(20.3) 3({6.1) 3(23.1) 1(16.7) 1(14.3) -
5 4(8.5) 11(8.6) 3({6.1) 1(7.7) - - -
6 2(4.3) 10(7.8) 3(6.1) 1(7.7) - 2(28.6) -
7 - 1(0.8) - - - - -
8 - _3(2.3) __ - - - - -
Totsl. 47 128 49 13 6 7 -

Of the 25C csses, 175 (70%) were esged 10 or under 8nd of this
number 144 (82.3%) had received serum before the end of the
4th. day of 1illness. Four petients who 4id not come under
trestment until the 7th. and B8th. day of illness were in the
6-1C age groupe.

Of the age groups most cases csme under treatment on
the 3rd. dey of illness with the exception of the 6-10 age
group, when it was on the 2rd. day, and for the 21-30 age

group when it was the 3rd. and 4th. desys.
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(6) Day of Disease correleted with the dose of serum given

(expressed first as s percentage of cases per day and

secondly as a percentsge of cases receiving the defined

doses) .

Day of

Disesase.,

OO AND

Total.

P-JONBWN W

Totsl.

Under 8,000
Units.

8(66.66)
16(20.3)
17(23.6)

1(2.2)

42
8(19.0)

16(38.1)

17(40.5)
1(2.4)

42

8,000~ 40,000 40,000 Units
Unitse. and Over.
2(16.66) 2(16.66)
46(58.2) 17(21.5)
30(41.7) 25(34.7)
24(52.2) 21(45.6)
8(42.1) 11(57.9)
8(44.4) 10(55.6)
- 1(100.0)
118 90
2(1e7) 2(2.2)
46(38.9) 17(18.9)
30(25.4) 25(27.8)
24(20.4) 21(23.3)
8(6.8) 11(12.3)
8(6.8) 10(11.1)
- 1(1.1)
- 3(3.3)
18 =20

The longer the patient was ill before being treated, the

larger was the amount of serum which was required.

The highest number of patients who received less then

8,000 units of serum did so on the 3rd. dey of illness. In

the 8,000-40,000 units group, the highest number of patlents

were given serum on the 2nd. day of illness &end in the 40,000

units or over, it was on the 3rd. dey.
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(7) Type of C. Diphtheris recovered from the individusal
cases correlated with the dose of serum given (expressed as

& percentage of Type of C. Diphtheries ).

Type of C. Under 8,000 8,000-40,000 40,000 Units
Diphtherise. Unlts. Units. and Over.
Gravis 6(8.6) 26(37.1) 38(54.3)
Intermedius 5(7.9) 31(49.2) 27(42.9)
Mitis 27(26.2) 51(49.5) . 25(24.3)
Aberrent - - -
Negative 4(28.6) 10(71.1) -
Totel. 42 118 90

In the grevis infections most ceses (54.3%) required over
40,000 units of serum and 37.1% and 8.6% received doses of
8,000-4C,000 units and less then 8,000 units respectively.
With intermedius, mitis end negetive Infeotions the highest
number of petlents redeived between 8,000 end 40,000 units

of serum.

(8) Type of C. Diphtherise recovered from the different
clinicel types of diphtheria (expressed &s a percentage of the
clinical types. Cervicel adenitis i1s expressed as a

percentege of the number of cases with each strain of c.

diphtheriss) .
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Clinical

"Type. + Grevis. Intermedius Mitis Aberrant Negative.
Faucial:
(a) Mild 7(14.9) 5(10.6) 26(55.3) - 9(16.2)
(b) Moderaste 23(22.5) '28(27.4) 50(49.1) - 1(1.0)
(¢) Severe 17(31.5) 18(33.3) 16(29.6) - 3(5.6)
(d) Haemor-

rhagiec 7(53.8) 4(30.8) 2(15.4) - -

Nasel 1(16.66) 1(16.66) 4(66.66) - -
Laryngeal - - - - 1(100.0)
Faucial and

Nasal 15(55.6) 7(25.9) 5(18.5) - -
Cervicel

Adenitis 62(88.6) 40(63.5) _28(27.2) - _6(42.9)

Totel., 70 63 103 - 14

C. Diphtherise gravis and intermedius were assoclated with the
more severe clinlcsl ceses of diphtherisa. Mitis and negative
cultures were found mostly in the milder clinical ceses.
Cervical adenitis occurred with gll streins of diphtherie, but
most often in the cases from which & grevis strein was 1solated.

Death and Complication Retes.,

(a) Type of C. Diphtherilse recovered from the ceses correlated
with the verious complicetions observed (expressed as a
percentege of the number of the verious types found) .

Complication. Grevis Intermedius Mitis Aberrent Negatlve.

Albumlnuria 2(209) 1(106) 1(100) - -
Cardisc Paresis 2(2.9) 2(3.2) - - -
Palatal sy 2(249) 3(3.2) 1(1.0) - -
Oguler ’s - - - - -
Death Rate 2(2.9) 1(1.6) - - -

With the exception of oculer paresis, all the complications
mentioned above occurred in equal frequency with the gravls
strain. With the intermedius cases, the cardiac paresis and
palatal paresis raste were slightly higher than thet for

gravis infections, but the incidence of albuminuria and the
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death rate was lower. Mitis infections were very mild,
eand in the negative cases no complicetions were observed.
One of the deaths, with gravis infections, wes due to the
patient's developing an acute maestolditis which was operated
on but the patient developed septic meningitis and died.
(b) Death end Complicetion Rates correlated with the sge of
the patient (expressed as percenteges of the age groups).

Age Groupe Albuminuria Pslatal Cardiasc Ocular Death
Paresls Peresis Psresls Rate.

0-5 1(2.1) 1(2.1) 1(2.1) - 2(4.2)
11-20 1(2.0) 2(4.1) 1(2.0) - -
21-30 - - - - -
31-40 - - - - -
41-50 - - - - -
51-60 - - - - - -
Total. 4 5 _i_ - -

Complicetions were more frequent in the 0-5 and the 11-20
age groups.

The desth rate was highest in the 0-5 age groupe.

(¢) Death and Complication Retes correlated with day of

disease (expressed as percentages of day of disease} .

Day of Paeletel Cardiesc Ocular Death
Disease Albuminuris Paresis Pseresis Psaresis Rsate.

1 - - - - -

2 1(1.3) - - - -

4 1(202) 2(404) 2(404) - -

5 2(10.5) 2(10.5) 1(5.3) - 2(10.5)

6 - - - - -

v - - - - -

8 _— - - - —
Total. 4 5 4 - 3

No complicetions were observed when the patient was given
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serum on the first dsy of 1llness, and only ome case which
wag given serum on the second day of illness developed s
complicetion (albuminuria). From the third dey of illness
complications were more frequent and reached their highest
incldence on the 5th. day, after this day no complications
were recorded.
(d) Death and Complicstion Rates correlasted with the
clinical types of diphtherie (expressed &s percentages of
clinicel types).
Clinicsl Albuminuris Pslstal Cerdisc Ocular Death

Type . Paresis Peresis Paresis Rate.
Feucisel:
(e} wWile - - -
(b} Modersts - - - -
{¢) Severs 1(1.8) 1(1.8)
(d) Hsemorr-
hagic 2(15.4) 2(15.4) 2(15.4) 2(15.4)
Nesal - - - - -
Lsryngeal - - - - -
Feuciel end
Xasel __}LSQV) _2_(_704) 2(7.4) - _1_(_5.'7)
4 3] 4 - 3
Emem— - j——— b —— — ]

The more ssvers the clinicel type, the higher was the
incidence of complicetions. Fauciel-nassl ceses occupldd
en intermediste position between severe end haemorrhagic
fauclal diphtherie when considered in terms of complications.

Doses of Serum given. The maximum dose given was 312,000

units, the minimum §,000 units, end the sveresge 62,000 units.
148 cases had one dose of serum (sctuslly one intrsmusculerly
and one Intrsvenously but these two doses were considered 8s

one initiel dose) 76 hed 2, 21 hed 3 doses, snd S5 had 4

sepereate doses.
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Rate of Disappearance of Membrane/ or Discharges/ or

Cervical Adenitis.

The maximum time teken for the membrane/ or discharges/
or glands to clear up was 120 hours. The petient, a woman
of 25 years, was admitted on the 5th. day of illness with a
"bull neck" membrane on both tonsils, the herd and soft
pelate and & profusse nasel discharge. She was given
144,000 units (72,000 intravenously and 72,000 intremusculerly).
The organism recovered was of the intermedius strein. The
minimum time wes 12 hours eand the average, 68 hours.

Rate of Dissppearence of Toxaemla.

20 patients were cometose on admission, 110 hed
severe toxaemie, 65 modereste, 45 mild and 10 showed no signs
or symptoms of toxaemlia. The meximum time taken for the
toxsemla to pass off was 160 hours and was in the case

mentioned above. The minimum time was 24 hours, the

average, 62 hours.
INTRAMUSCULAR.

J The serum was injeoted into the vastus externus

muscle of the thigh.
Anelysis of the 600 Ceses treated.

(1) Age 8nd Sex.

Age Groups. 0-5 6-10 11-20 21-30 31-40 41-50 §1-60

Meles 57 134 87 27 9 11 5
Pemales 58 114 2} 18 8 _l -
Totale 1156 248 158 éé éz ;5 £=

Most of the cases (421 or 70% were under the age of 20.
0f the 600 cases, 330 (55%) were males, and 270 (45%) were
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femeles.
(2) Age of Patient correleted with the Type of C. Diphtherise
recovered from each case (expressed first as a percentage of

age groups and then as a percentage of the Type of C.
Diphtheriss) .

Age Group. Gravis Intermedius Mitis Aberrant Negative
0-5 36(31.3) 35(30.4) 40(34.8) 3(2.6) 1(0.9)
6-10 78(31.5) 74(29.8) 73(29.4) 17(2.8) 16(6.5)

11-20 63(39.8) 32(20.2) 54(34.2) 5(3.2) 4(2.8)
31-40 - 9(52.9) 4(23.55) - 4(23.55)
41~ 50 - 3(25.0) 2(16.7) - 7(58.3)
51-60 - - _5(100.0)___ - -
Total. 180 }_6_2_ 222 l’L .L’ﬁ_

0=5 36(20.0) 35(21.6) 40(19.1) 3(17.7) 1(3.1)

6~-10 78(43.3) 74(45.,7) 73(34.9) 17(41.2) 16(50.0)
11-20 63(35.0) 32(19.9) 54(25.8) 5(29.4) 4(12.5)
21-30 3(1.7) 9(5.5) 31(14.8) 2(11.7) -
31-40 - 9(5.5) 4(1.9) - 4(12.5)
41-50 - 3(1.8) 2(1.0) - 7(21.9)
51-60 - - _§12.5) - -
Total. 180 162 209 17 32

- ————4 - ———1 === ———— -, - —

Of the 0-10 age group, 114 (19%) suffered from gravis infectlons
eand 109 (18%) from intermedius. 1In the 0-5 and 6-10 age
groups the incldence of greavis, intermedius and mitis cultures
occurred with feirly equal frequency.

All four types and the negative cases hed thelr
highest incidence in the 6-10 age group. No grevis cases were
found 1in pastients over 30. Intermedius end negative cultures
were the most frequently found in the 31-40 and 41-50ege groups,

but mitis was found most frequently in the 51-60 age group.
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(3) Dosage of Serum given correlated with the asge groups
(expressed first as a percentage of the age groups and

secondly as a percentage of the number of cases receiving

the defined doses) .

Age Group. Under 8,000 8,000-40,000 40,000 Units
Units. Unitse. and Over.
0-5 ' 5(4.4) 00(78.2) 20(17.4)
6=10 9(3.68) 175(70.5) 64(25.9)
11-20 10(6.3) 76 (48.1) 72(45.6)
21-30 3(6.7) 22(48,9) 20( 44 .4)
31-40 2(11.8) 10(58.9) 5(29.3)
41- 50 3(25.0) 4(33.3) 5(41.7)
Total. 34 380 186
——— —— ——— 3
0-5 5(14.7) 90(23.7) 20(10.7)
6~10 9(2645) 175(46.1) 64(34.4)
11-20 10(29,4) 76(20.0) 72(38.8)
21~ 30 3(848) 22(5.8) 20(10.7)
31~ 40 2(5.9) 10(2.6) 5(247)
41-50 3(8.8) 4(1.1) 5(2¢7)
51-60 2(549) 3(0.7) -
Total. 54 380 186

Of the 600 cases treated, 380 (63.3%) recelved a dose of
serum between 8,000 and 40,000 units. Doses of over 40,000
units were used almost six times &s often as doses of under
8,000 units.

Doses of serum between 8,000 and 40,000 unlts were
employed most often in chlldren between the ages of 6-10, but
doses of under 8,000 units and over 40,000 units werse used
most often in the 11-20 age groupe.

(4) Day of Disease correlated with the type of C. Diphtherise
recovered from the case (expressed es a percentage of the cases

occurring per dey and secondly es & percentage of the various
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types of C. Diphtheriss) .

Dey of
Disease. Gravlis Intermedius Mitls Aberrasnt Negative.
1l 2(15.4) 3(23.1) 7(53.8) - 1(7.7)
2 36(23.6) 51(34.4) 41(27.7) 3(2.0) 18(12.3)
3 81(34.9) 49(21.1) 89(38.4) 7(3.0) 6(2.6)
4 34(29.6) 28(24.4) 43(37.4) 3(2.6) 7(6.0)
) 11(26.2) 23(54.8) 5(11.9) 3(7.1) -
g 11(25.0) 8(18.2) 24(54.6) 1(2.2) -
8 __6(100.0) __ - - - ___;
Total. 180 162 209 17 32
1l 2(1.1) 3(1.9) 7(3.3) - 1(3.1)
2 35(19.5) 51(31.4) 41(19.6) 3({17.6) 18(56.2)
'3 81(45.0) 49(30.3) 89(42.5) 17(41.3) 6(18.8)
4 34(18.9) 28(17.3) 43(20.5) 3(17.8) 7(21.9)
5] 11(6.1) 23(14.2) 5(2.7) 3(17.6) -
s 11(6.1) 8(4.9) 24(11.4) 1(5.9) -
8 6(3.3) - - - -
Totsel 180 162 209 17 32
L —— ——— 5 p———1 - — ]

Of the 600 cases, 508 (84.7%) hed received serum by the end

of the 4th. dey of their 1llness.

Gravis infsoctlions reached

their highest incidence 1in patients who were admltted on the

3rd. dey of illness, intermedius on the fifth day, mitls on

the sixth dey, eberrant on the fifth and negative cases on

the second day.

The highest percentage

cases were edmitted on the 3rd. day of illness.

of gravis, mltis and aberrant

With

intermedius eand negative ceses, the highest percentage was

on the 2nd. day of 1llness.

A small number of cases (6),

admitted on the 8th. day of i1llness were found to be gravis

infeotionse.
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Day of Disease correlated with the age group (expressed

first as & percentage of cases per day and secondly as a

percentage of the cases in each age group) .

Day of

Diseasse.

0 -30 s CA DO

Total.

(e X N T SR R )

o-5
1(7.7)
33(22.3)
32(13.8)
29(25.3)
8(19.0)
6(13.4)

6(100.0j

115

1( 0.9)
33(28.7)
32(27.8)
29(25.3)

8( 6.9)

6( 5.2)

_6( 5.2)

‘Totel. 115

6-10

3(23.0)
58(39.2)
109(46.9)
47(40.9)
21(50.0)
10(22.7)

248

3( 1.2)
58(23.4)
109(43.9)
47(18.9)
21( 8.5)
10( 4.1)

248

11-20 21-30 31-40 41-50 51-60
4(30.8) 2(15.4) 2(15.4) 1(7.7) -
52(35.1) 2( 1.4) 2( 1.4) 1(0.86) -
44(18.9) 30(12.9) 8( 3.5) 5(2.2) 4(1.8)
22(19.1) 10( 8.7) 2{( 1.7) 4(3.4) 1(0.9)
12(28.6) - 1( 2.4) - -
24(54.6) 1( 2.3) 2( 4.7) 1(2.3) -
e s 12 5
4( 2.5) 2( 4.4) 2(11.8) 1(8.3) - :
52(32.9) 2( 4.4) 2(11.8) 1(8.3) - i
44(27.9) 30(66.7) 8(47.0) 5(41.8) 4(80.0)
22(13.9) 10(22.2) 2(11.8) 4(33.3) 1(20.0)
12( 7.6) - 1( 5.8) - - |
24(15.2) 1( 2.3) 2(11.8) 1( 8.3) -
m m oz =

Of the 600 cases, 363 (65%) were under the age of 1l years, and

of this number 312 (52.0%) had received serum treatment before

the end of the 4th. dey of illness.

Six patlents who did not

reeeive serum treetment until the 8th. day of their illness were

in the 0-5 &ge group.

For the various age groups, there were different days on

which most petients recelived trestment:- 0-5 &nd 11-20 were

on the 2nd. day, while all the others were on the 3rd. day.

(6)

Day of Disease correleted with the dose of serum given

(expressed first as @ percentage of cases per day end then as

e percentage of the cases receiving the defined doses)



Day of Under 8,000 8,000~-40,000 40,000 Units
Digsase. Units. Units and Over
1 9(69.2) 2(15.4) 2(15.4)

2 15(10.1) 98(66.2) 35(23.7)
3 8(3.5) 172(74.1) 52(22.4)
4 1(0.9) 94(81.7) 20(17.4)
5 1(2.4) 10(23.8) 31(73.8)
8 - 1(16.7) _§LBS.3)
Total 34 380 186
- ——— — b —— 1
1 9(26.5) 2(0.5) 2(1.1)
2 15(44.1) 98(25.8) 35(18.9)
3 8(23.5) 172(45.4) 52(27.9)
4 1(2.95) 94(24.7) 20(10.7)
5 1(2.95) 10(2.6) 31(16.7)
6 - 3(0.7) 41(22.0)
17 - - -
8 - ___]_._(_0-3) _5_(_20'7)
Total el 380 86

Delay in diagnosing the dlsease led to larger doses of serum
having to be edministered. Of the cases coming under treatment
on the 8th. day, 16.7% required between 8,000 and 40,000 units,
while 83.3% required doses of over 40,000 units.

The highest number of patients who received less then
8,000 units did so on the 2nd. dey of thelir illness, those who
were given between 8,000 and 40,000 units, on the 3rd. day and
those who received over 40,000 units did so also on the 3rd. day.
(7) Type of C. Diphtherise recovered from the cases correlsted

with the dose of serum given (expressed as a percentage of Type

of C. Diphtheries ) .
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Type of C. Under 8,000 8,000-40,000
Diphtherise . Unitse. Units.
Gravis 7( 3.9) 78(4343)
Intermedius 4( 2.5) 75(46.3)
Mitis 3( l.4) 202(96.7)
Aberrant 3(17.6) 10(58.9)
Negative 17(53.1) 15(46.9)
Totsl. 34 380
I — ] -

40,000 Units
and Over.

95(52 +8)
83(51.2)
4( 1.9)
4(23.5)

——

186

The highest number of petients who had grevis and intermedius

infections received over 40,000 units of serum, while most of

the mitls and aberrant infectlons were given between 8,000

end 40,000 unlts.

Of the negetive cases, 53.1% received

less than 8,000 units and 46.9% between 8,000 and 40,000 units.

(8)

Type of C. Diphtherise recocvered from the various

clinicel types of diphtheria (expressed as & percentage of

the clinicel types.

Cervical adenlitlis 1s expressed as a

percentage of the number of ceses with each strain of

C. Diphtheriee ).
Clinical

Types Gravis Intermedius Mitls Aberrant Negative.
Faucial:
(a) Mila 9(10.0) 9(10.0) 51(5647) 5(5.5) 16(17.8)
(b) Moderste 80(33.2) 68(28.2) 75(31.1) 8(3.3) lo( 4.2)
(c) Severe 41(48.8) 29(34.5) 12(14.3) 2(2.4) -
(d) Haemor-
rhagic 8(4‘701) 3(1706) 6(55.5) - -
Nesal 1( 9.1) 1( 9.1) 9(8l.8) -~ -
Laryngesal - - 13(68.4) 6(31.6)
da
Fau%:iglﬁn 41(29.5) 52(37.7) 43(31.3) 2(1.5) -
1
Cerzéggitis. 126 (7C.0) 100(61.7) 87(41.6) 6(35.3) 4(12.5)
Totsl. 180 162 209 17 32

The gravis strain was assoclated with the most clinically

severe caeses and

hed the highest percentage of cervical
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adenitils. The high incidence of mitis strains
sssoclated with haemorrhegic cases is a feature of the
teble. The eberrant strains were associsted, in the
me Jorlty of ceses, with & moderately severe of mild 1llness.
Of the nasal diphtherlss s high percentage (81.8) were
mltis types. Cultures from laryngeal diphtheris were
either mitis or negative.

Death snd Complicatlon Rates.

(a) Type of C. Diphtheris recovered from the individual
cages correlested with the vearious complications observed
snd the death rete (expressed as & percentage of the number

of the Type of C. Diphtherise ).
Complication. Gravis Intermedius Mitls Aberrent Negative

Albuminuria 8(4.4) 4(2.5) 4(1.9) 1(5.9) -
Cardiac PeresislO(5.6) 4(2.5) 1(0.5) - -
palatal ,, 7(549) 7(4.3) 3(1.5) 1(5.9) -
Oculer s - 6(3.7) - - -
Death Rate 8(4.4) 3(1.9) 2(1.0) 1(5.9) -

From the teble the sberrant types would appear to have the
highest slbuminuris, palatal peresis and death rates, but,
as previously explained, all these complicatlons occurred in
one cage from which & Typs 1v organism was recovered. The
petient died from septic meningitis following upon en
operation for scute mastoiditise.

The grevis strain was associsted with the highest

complication rete except for palatal paresis. This occurred

most often in intermedius cases.
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(b) Death and Complication Rates correlated with the age
of the patlent (expressed @s percentsges of the sge groups).

Age Groupe. Albuminurla Pelstal Cardisc Oculsr Death
Paresis Paresls Pearesls Rate.

0-5 4(3.5) 4(3.5) 5(4.4) 3(2.6) 5(4.4)
11-20 1(0.6) 6(3.8) 4(2.5) - 5(3.0)
21-30 2(4.4) 2(4.4) 1(2.2) - -
31-40 1(5.9) 1(5.9) - - -
41- 50 - - - - -
51-60 - - - - -
Total. 17 18 15 6 14

Albuminurie occurred with almost the same frequency in the 0-5
and 6-10 sge groups. The incidence fell in the 11-20 group,
rose in the 21-30 end the 31-40 age groups, but was not
observed in any ages above 40. Palatal paresis, with the
exception of a slight fell in the 6-10 ags group, tended to
become more frequent in the hlgher age groups. Cardlac
paresis was highest in the 0-5 age group, fell in the 6-10
age group and rose sgein slightly in the two remailnlng age
groups in which it occurred - 11-20 end 21-30.

8ix cases of ocular peresis occurred,'s in the 0-5
sge group and 3 in the 6-10. The death rate was highest in
the 0-5 age group, fell in the 6-10 and rose agein 1n the

11-20 sge groupe. No deaths were recorded 1ln any of the other

8ge groups.
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(o) Death and Complication Rates correlated with day of
disease (expressed ss percentages of day of diseass).
Day of

Disease. Albuminuria Paletel Cardiec Ocular Death
Paresis Psresis Paresis Rate.

1 - - 1(7.7) - -

2 - 3(2.0) 1(0.6) - -

3 3(1.3) 4(1.7)  4(1.7)  4(1.7)  3(1.3)

4 8(6.9) 4(3.5) 4(3.5) 2(1.8) 3(2.6)

5 4(9.5) 3(7.1) - - 2(4.8)

s 2(4.5) 4(9.1)  4(9.1) - 5(11.4)

8 - - _1(1e.7) __ - _1(16.7)
Total 17 18 15 _6_ 14

With the exception of cardiac psresis, where one patient, who
was glven serum on the first day of his 1llness, developed
this complication, the incidence of ell complicetions and the
deathvrate increased, as the time before serum was given,

was Increased.

(d) Deeth and Complication Rates correlated with the

clinical varieties of diphtherie (expressed as a percenteage

of the clinical types).
Clinilcel Albuminurie Palstel Cardiec Ocular Death

Type Paresis Peresis Paresis Rats.
Fauciel:
(a) Mild 1(1.1) 1(1.1) - - -
(b) Moderate 1(0.4) 2(0.8) - - -
(¢) Severe 2(2.4) 4(4.8) - 6(7.2) -
d) Haemorr-
(@ hagie 6(35.3) 4(23.5) 3(17.7) - 7(41.2)
Nasal - - - - -
La:yngeal - - 4(2101’ - 2(10 05)
18l and
FaucNasal 7(5.1) 7(5.1) 8(5.8) - 5(3.7)
Total 17 18 15 6 14

With the exception of the moderste cases, the more severe
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the c¢linlesl cese, the higher ias the incidence of
complications. Faucial-nasal casses occupled an intermediate
place between severe and haemorrhegic diphtheris. The
cardliac paresis in the laryngeal ceses wes high, but this
was due to extras strain on the heart caused by the
difficulty in respiration.

Dosage of Serum given. The maximum dose given was

266,000 units, the minimum, 4,000 units end the everage
54,000 units. 476 patients had only one injection of serum,
105 had two, 19 had three but none had a fourth injection.

Rate of Disappearence of Membrane/ or Discharges/ or

Cervical Adenitis.

The maximum time was 108 hours. The cese was & girl
of 2 years, with membrene on both tonsils, soft and hard
palate, snd with & billaterel cervical adenitise. She was in
her fifth dsy of illness and was given 72,000 units of serum.
The organism recovered was of the gravis streln. The
minimum time was 16 hours, and the gverage, 44 hours.

Rate of Disappeasrsnce of Toxaemia.

On admission 30 petients wére comatose, 156 had severe
toxsemia, 288 moderste, 108 mild and 18 showed no slgns or
symptoms of toxaemiz. The maximum time teken for the
goxeemls to pess off was 120 hours. This was in the case

mentioned above. The minimum time was 12 hours, the

average, 39 hours.
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Compering the results of treatment by the thres different

methods of administering the serum.

Results of treatment are best judged by the
complications and death rates in each method, after taking
aceount of the verious factors which might influence these
results.
(a) Age (Percenteges) .
Age Groups. 0-5 6-10 11-20 21-30 31-40 41-50 51-60

Intravenous 10.3 45.3 21.3 8.7 27 27 -
Intramuscular)

and ) 18.8 651.2 19.6 5.2 2.4 248 -
Intravenous )
Intramuscular) 19.2 41.3 26.3 7.5 2.8 2.0 0.9

The percentage of children in the 0-5 age groups approximeted in
all three methods. Of the 6-10 group the intramuscular

series had the lowest percentage of this age group, and the
intramuscular-intravenous series had the highest. In the

11-20 sge group the intramuscular serles had the highest
percentage of these. The ages mentioned (0-20) ere the

sges in which complications and the death rate sre highest.
(Forbes 1932) . Thus 211 three have approximestely the same

percentage. of cases 1n this groupe.

(b) Percentage of Types of C. Diphtherise found in the

various groupse.
Gravis Intermedius Mitis Aberrant Negative.

Intravenous 30.0 25433 41,33 - 3633
Intramusouler) 28.0 26,2 4l.2 - 5.6

Intrevenous

Intremuscular 30.0 27.0 34 .8 2.8 5.4

ITn all three series the percentage of the verious types was
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fairly evenly distributed. The intramuscular series
had 2 low incidence of mitis strains.
(c) BSeverity of Cases Judged by emount of serum given

(expressed as percentages of number in each group) .

Dose of Serum. Under 8,000 8,000-40,000 40,000 Units
Units. Units. and Over.
Intresvenous 23.3 42 .0 34.7
Intramuscular &) '
Intravenous ) 16 .8 47.2 36 .0
Intremuscular 57 6343 31.0

Judged by dosage of serum given, the i1ntremuscular -
Intrevenous ceses were most severe, as they had the highest
percentage of cases who were gliven over 40,000 units of

serum. Next came the iIntrevenous, and lastly the
Intramuscular ceses. However, the intremusculer had the
highest percentage of caeses 1ln the 8,000 - 40,000 units group.
If we consider the severity of the cases by the average dose
given, the order of decreasing severity is -
intramusculer-intravenous (62,000 units), Iintramuscular

(54,000 uvnits) and intrevenous (42,500 units).

(a) Dey of Disease - (expressed as @ percentage of cases

in each series).
Intrevenous and

gigegge. Intrevenouse. Intramusculer Intramuscular.

9( 6.0 12( 4.8) 13( 2.2)

% 49532.73 79(31.6) 148(24.7)

3 53(35.3) 72(28.8) 232(38.7)

4 18(12.0) 46(18.4) 115(19.2)

5 8( 5.3) 16( 7.6) 42( 7.0)

6 7( 4.7) 18( 7.2) 44( 7.2)

7 3( 2.0) 1( 0.4) -

8 3( 2.0) 3( 1.2) 6(1.0)

The third day was the dey on which the highest percentage of

cases received serum in the intravenous and in the
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intramusculer series. In the 1lntravenous-intremuscular
series the highest percentage ocourred on the second day.

In the three series 14.0% of the intravenous, 16.4% of

the Intravenous-intramusculer snd 15.2% of the intramusculer
cases recelved serum after the fourth dsy of illness. The
intremusculsr series in the third and fourth deys had the
highest percentage of casés receiving treatment on these

days.‘ The other two had slmost the same percentage.

,v
S
v
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S U MM A R Y.

In the three series there was little difference in
the percentege of patients per age group and of types of
¢e diphtherie found. Judged by the emount of serum
glven, the Intravenous-intremuscular series was clinlcally
the most severe, the intramuscular being next, and the
intravenous cases the mildest. The intravenous-
Intramuscular serles had the highest percentage of cases
recelving treatment after the fourth desy, the intremuscular
series belng second and the intravenous last.

Thus the order of clinicsl severity is:-
(1) intravenous-intraemusculer ceses, (2) intremuscular
cases, and (3) intrevenous.
Comparison of Complication Retes in the three serles
(expressed as a percentsge of cases in each seriles) .

buminurie Peletal Cardiac Ocular Death
Route of Al Peresis Paresls Paresis Rate.

Injection.

Intrevenous 10.0 1247 11.3 c 8.0
Intrevenous &

Intremusculear 1.8 2.0 %.g 1-0 %.g
Intramuscular 247 3.0 . . .

The intrevenous-intramusculer series of ceses had the lowest

pe rcentage of complications. Next in order came the cases

treated by intramuscular injection and lastly those which

had received the serum by intravenous injection.
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A combined intravenous and intramusculer thefapy

1s the best trestment for diphtheris. Where this cannot

be used, the serum should be given by intramuécular inject;on. f

Intravenous therapy alone 1s not to be recommended. !

Comparison of Complications and death rates, correlated with ?

type of C. Diphtheriese, when concentrated and refined sera :

were used. ‘ ?
|

Author. Compllicetion Grevis Intermedius Mitis Aberrent Negative.:
{

Anderson Albuminurie 44.4% 66 .66 17.1% - - 5
et 8l Paralysis 22.2% 50.0% 0 - - ;
1931. Death Rate 17.5% 0 0 - - !

{

JeF. Murray l

1935, Albuminuris 0 7 «8% 3.4% !

Parelysis 0 10.0% 6.8% ;

Death Rate 0 11.1% 3.4% ?
Tannahill Albuminuris 38.4% 40.4% 18.1%
1936, Perelysis 20.8% 21.4% 11.3%
Death Rate  9.5% 13.8% 4.8%

Present Albuminuria 5.4% 3.4% 2.1% 5.9% 3.9%
series. Paralysis 13.5% 12.9% 2.0% 5.99 2.0%

Death Rete 5.4% 3.0% 0.8% 5.9% 2.0 |
x Concentrated Serume.

g  Refined Serum.
McLeod, Murrey and Tennshill all found the Incidence of

’

albuminuris and parelysis to be the highest in intermedius

cases. In the cases treated in Belvidere Hospital,

albuminuria had 1ts highest tncidence in asberrent ceses and

paralysis its highest incidence in gravis oc&ses. The death

d's series was highest in grevis streins. In

rate in McLeo
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Murray and Tennehill's sérias i1t was with the intermedius
strailns and In the Belvldere cases it was with the
sberrant stralns.

Comparison of Results of Treatment.

Albuminuria Paralysis Death Rate.

Rolleston,1925 (1) 53.3% 20.7% 10.1%
Goodall, 1928 (1) - 15.0% 13.0%
Anderson et gl
1931 (2) 36¢5% 16 +3% 10.6%
Murrey, 1935 (2) 5.4% 7.8% 7.2
Present Series (3) 3.6% 7.8% 2.9%
(1) Whole Serum. (2) Concentreted Serum. (3) Refined
Serum.

Clessified in order of efficacy from the above table,

refined serum is the best, concentraeted serum comes next,

and whole serum gave the poorest results.
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CONCLUSIONS.

(1) The death rate was highest in the 0-5 age group.

(2) The severest clinicel ceses wers assoclated with the
gravis strain.

(3) The cases where a gravis strain was i1solated had the
highest percentage of complications. As the number of
Type 1v stralns recovered was very smell, there is
insufficient date for e reasonable comperison to be made.

(4) As the duration of the patient's i1llness inoreased before
serum wes glven, so glso did the percentage of
complicationse.

(5) Heemorrhagie diphtheria was the most severe type of
diphtherie.

(6) No hard eand fast rule can be laid down on dosage of serum
to be given. Each case should be reviewed sepsrately.

It 1s better to give excess serum then too little. Serum
should continue to be given so long as the membrane is

spreading. Comblned intramuscular and intresvenous

therapy should be employed.
(7) Refined diphtheris antitoxin can be given intravenously

with 1ittle fear of serum reaction. Given intramusculerly

14 causes slight discomfort to the patient owing to the

large number of units of entitoxlin per cecCe.
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(8) The incidence of serum reactions has been reduced.
(9) The incidence of ¢. diphtheries gravis 1s on the

upgrade in the Glasgow area.
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