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INTRODUCTION.

vGreat and growing ever is the debt of Medicine to the
gllied secience of Bacteriology. Phere is, however, &
contra-account as the former provides many of the ﬁroblems;
and at the bedside testé the solutions offered by the latter.
Phough this debt cannot be computed accurately, individual
items may be submitted to a scrutiny and the item chosen
here is the Dick test. ,

To the epidemiologist, the bacteriologist, and to the
-elinician, Scarlet Fever presents many problems. Powards
the solution of these a great advance was gade when, in 1923,
G.H. and G.F.Dick of Chicago produced experimental Scarlet
Fever in & human volunteer by swabbing his throat with a
culture of haemolytic streptococei. Later they showed that
these streptococei produce & soluble toxin. Working on the
analogy of the test for susceptibility to Diphtheria
introduced in 1913 by Schick of Vienna, they used this toxin
for a test for susceptibility to Scarlet Fever and, in 1924,
published their first communication on this aspect of the
work. Phe test consists of the injection inte the skin of
a minute quantity of a dilution of the streptococcal toxin -
and a positive reaction is manifested by the development,
within twenty-four hours, of an area of erythema round the
site of injection. This skin test is now known generally

a8 the Dick test.

Pollowing these discoveries wany workers have tried
(1).



to fill the gaps in our knowledge of Scarlet Fever and the
progress made has raised the hope that this disease will
provide the key to many of the problems associated with'the
infectious diseases in general. Phus Scarlet Fever, which,
compared with other infections, is apparently decreasing in
significance as a disease, is becoming more and more
prdminent in the field of research.

?his thesis embodies the results of the Dick test in
patients suffering from Scarlet FPever and other diseases
and an attempt is made to assess the present value of this
test. Phe investigation was carried out at Monsall Fever
Hospital, Manchester, during the greater part of the years
1928 and 1929. I am mach indebted to Dr.D.Sage Sutherland,
Medical Superintendent, for his encouragement and for the
facilities provided.

(2)¢
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PHE RELATIONSHIP OF THE STREPTOCOCCI TO SCARLET FEVER.

In 1884 Loeffler noted that haemolytic streptocooci were
present almost invariably in the throats of patients
suffering from an acute attack 6f Scarlet Fever. Crooks,
in 1885, demonstrated the presence of streptobocci in the
bodies of patﬁents who had died of Scarlet Fever. In 1887,

- Klein, after investigating milk-borne epidemics, stated that
streptococei had an etiological relationship to Scarlet Fever.
Marmorek, in 1895, and Mosey, in 1902, produced antistreptococeal
gera to strains isolated from Scarlét Fever patients and
reported the favourable influence of these sera on the course
of the disease. Phese results were confirmed by Rossiwall
and Schick in 1905. In 1903, Moser and von Pirquet stated
that the bloocd of Scarlet Fever patients frequently
agglutinated streptococeci. Phey stated slso that the
streptococei isolated from the blood of these patiemts could
be agglutinated specifically by immune sera produced with
snoh streptococci while streptococci from other sourses

seldom were agglutinated. Savchenko, in 1905, showed that
scarlatinal streptococci produce an exotoxin and, in 1906,
Gabritschewsky immunised children with & vaccine of these
streptococeci. Punnicliff, in 1920, found specific increase
of opsonins for haemolytic streptococei in the blood of
Scarlet Fever patients, and that streptococei from these
patien’ds Tell into homologens groups by agdlutination tests.

However the relationship of the streptocoecei to Scarlet Pever

(3).



was not placed on a sound basis till the work of the Diocks
in 1983 &and later.
THE WORK OF THE DICKS.

The original paper of the Dicks may be summarised as
follows.

4 nurse developed Searlet Fever. She had & septic
finger two days previously. A 1little pus was obtained
from the finger on the second day of disease. Stained
smears showed polymorphonuclesr leucosytes, Gram positive
cogcl and Gram positive diphtheroid baocilli. Cultures
on sheep's blood agar plates prodused colonles of
haemolytic streptococeil end isolated ocolonies of
diphtheroids. Pure ocultures of the streptocooeci were
obtained by plating out single colonies. The throats

of five human volunteers were smeared with ocultures of
these streptocogei. Three showed no resasction, one had
fever snd sore throat without a rash, and one volunteer,
smeared with a three weeks o0ld culture, developed typiecal
Scarlet Fever of a mild type. Further cgultures in
bouillon were passed through a Berkefeld filter. The
filtrate was sterile and produced no effeoct when swabbed
on the throats of other volunteers. The culture was

then swabbed on the throats of those who had shown no
reaotion to the filtrate. Two showed no reaction, two
had sore throat and one developed Soarlet Fever.

The Diocks' conclusions were (1) Soarlet Fever in two volunteers
was caused by Streptocoacus haemolytious or by an unrecognised
organism associated with the streptocoscus and (2) if any
unrecognised organism was present it did not pass through a
Berkefeld filter. Later work by the same observers showed
(a)that the filtraete mentioned above contained a toxie
substance and that this filtrate in suitable dilution oould

be used for & skin test, (b)that serum from a convalescent
Scarlet Fever patient neutralised the toxioclty of the

filtrate, (o)that the injeotion of this filtrate into

bersons showing a positive skin test produced symptoms of
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Scarlet Fever and that the skin test later became negative
and (d) that an entitoxic serum can be produced by
immunising & horse against this filtrate and that the serum
sovpro&uced can be concentrated by the udual methods. The
Dicks regard this toxiec substance in the filtrate as a true
toxin though it differs from other bascterial exotoxins in
being non-toxie to animals and very thermostable.

CONFIRMATORY WORK.

The human inoculation experiments of the Dicks have been
confirmed by Nicolle, Conseil and Durand (1926) but Ciuce
and Gheorghiu(1927) failed to produce Scarlet Fever in Dick
positive volunteers either with the Dick strain of
streptococcus or other strains obtained from the throats
of patients. |

Trask and Blake (1924) demonstrated, in the serum of
Scarlet Pever patients, a toxic substance.which caused the
typical erythematous reaction when injected intracutaneously
into persons who had not had Scarlet Fever and whose serum
did not produce the Schultz-Charlton blanching phenomenon.
This toxic substance was neutralised by the serﬁm of horses
imminised against haemolytic streptococeci.

Since 1925 streptococeal toxin has been used
successfully to produce active immunity to Scariet Fever in
persons yielding a positive Diek test. After a varying number
of injections the Dick test becomes negative. In this
country such imrunising has been confimed almost wholly

to the nmursing staffs of isolation hospitals. During
ts5)



imminising byrthis‘methqﬁ I have confirmed, on several ‘
qccasions, the obsexvation that Dick toxin, on injection,

can produce malaise, vomiting, fever and & scarlatiniform
rash. . »

~ Rumerous observers, both,here and abroad, have recorded

the beneficial effect of scarlatinal antitoxin on the clinical
course of Scarlet Fever and on thg’incidence of complications.
Also, this serum has been used successfully to produce passive
imminity to Scarlet Fever. |

IDENTIFICATION AND CLASSIFICATION OF SCARLATINAL STREPTQCOCCI.

~ Meny investigators have studied the identification and
classification of scarlatinal streptococei. The wprk has
centred,:ound the agglutination reactions of the organisms
and their toxigenic properties.

' I have referred to the specific agglutination of
scarla?inal streptococei obtained by lMoser and von Pirquet
(1903), ©Neufeld (1903) and Aronson (1903) were unable to
differentiate between types of haemolytisc streptococci by
agglutination tests. Rossiwall and Schick (1905) confirmed
the work of Moser and von Pirgquet. Gordon (1905) found
that the types of streptococei obtained from the throat in
Scarlet Fever corresponded with those met with in normsl
conditions. Bliss (1922) found that twenty of twenty-five
strains of haemolytic streptococeci isolated from Scarlet
Fever patients were agglutinated at equal titre by a éerum

obtained from a rabbit which had been immunised against a
(6).



gsingle strain. None of thesetwenty strains were
agglutinated by seras obtained against streptococeci from

other sources. Gordon (1921) found nineteen strains of
scarlatinal streptococei to be identical in their agglutination
and agglutinin-sbsorption reactions. Tunnicliff (1922)
obtaiped similar results from seventy-twq strains 1solated
£rqm,seventy-five Scarlet Fever patients. Stevens and
Dochez (1924) came to thé conclusion that the strains of
haemolytic streptococci found in Scarlet Fever were closely
related and probably beiongedvto one group. By agglgtinationr
tests Bagles (1924] found that nineteen strains of scarlatinal
st;eptococci fell into one group. The Dicks found no cross-
agglutination between the two strains of streptococei with
which they produced Scarlet Fever though these gtrains
differed in their sugar reactions.

This serologioal classification of thev 7
scarlatinal streptococei into one group has not been confirmed
by later investigations. Williams (1925) tested seventy
strains. She found 30% of these to fall into one group but
was unsble to classify 63% of the remainder. Smith (21926)
obtained haemolytic strepfoeccei from the throats of 92%
of two hundred and ten Scarlet Fever patients and was able to
diviﬁe the strains into two main serologiassl groups. He made
the interesting observation that the strains obtained from
members of the same family were usually in the same serological

group and that those obtained from patients in small isolated

(7).



outbresks were also of the same group. Griffith (1926)
obtained similar results. James (1926) found that 56ﬁ

of sca;latinal streptococel fell into three main
se;glqgiggl groups but was unable to_clgssify"tpe gepgiqger.
Further work by Smith (1927),Griffith (1927) and MeLachlan
and Mackie (1928) showed that the scarlatinal streptococei
could be divided into an agglutinable and a nqn-ggglutinable
group. The proportion classed as non-agglutinablg va:ied
from 30% to 50%.  Griffith sub-divided the agglutinable
group into four types.

Gunn and Griffith (1928) examined on admission to
hospltal the throats of one hundred patlents suffering from ‘
Sca:let Fever. Haemolytic streptococei were foundvin‘ninety-
one. They were identified és follows ;- eight Type I,
fourteen Type EI, twenty-six Type III, and twelve Type IV, -
‘but the remaining thirty-one strains could not be classified.
0f the nine patients who gavevnegative>results on admission
two later yielded Type I, four Type II, one Type III, and
two gﬁve serologically heterogeneous strains. Weekly
examinations of the throat were made in all of these
patients. In £fifty the type‘remained the same throughout_
and in fifty there was a change of type during the course Qf
the disease. 4 second type was obtained in the thirty-eight,
a third type in ten, and a fourth type in two patients. In

three patients in whom the Dick test remsined positive the

appearance of a new type of streptococcus coincided with a
(8).



second attack of oclinical scarlatina. Comparable resulss
were obtained by Burton and Belmain (1929).

The Dicks emphasise the 1mpor£anoe of toxin production
in the identification of scarlatinal streptocoeci. The
findings on this aspeet of the subjeoct show much varia tion.
Reiohenmillexr (1§26) found haemolytic streptococei in 9%
of four hundred smd thirteen healthy persons and in '565'
of one hundred oases of inflammatory lesions of the théoat
ind nose; several of the strains isclated from each group
produced a toxin presenting the same features as the Dick
toxin. Willisms (1984) Kirkbride and Wheeler (1925) and
Rosenow (19&5) examined the soluble toxins pro&ﬁcod by
various strains of scarlatinal streptoaoeci amd conocluded
that all strains produced the same toxin. Paraf (19&5) and
Eagles {1926) working with filtrates from soarlatinal snd
non-scsrlatinal strains found differences of a quantitative
but not of a qualitative nature. The wurkﬁof Birkhaug' (1927)
suggested that both qualitative and quantitative differences
exist. Most of these conclusions were based on the results
of skin reactions.

Using various antitoxic sera for neutralisation tests
others have investigated these toxins. Park and Spiegel (19&5)
found that the serum from & Soarlet Fever patient would
neutrelise the toxin in some individuals but not in others.
Birkhaug (1985) obtained a toxin from a strain of
Streptooobaus erysipelatis and this toxin was not neutralised

(9).



by anti-scar}atinal serum. Kirkbr?.de and Wheeler
(1526;1927) examined the filtrates obtained from over one
hundred strains each of atreptocoooi from scarlatinal and
non-goarlatinal souroces ani found 9o¢ of the searlatinal
and 68% of the non-soarlatinal filtrates to be toxic.
Having obtained &an antitoxic serum from a goat immunised
sgainst the Doohez strain of streptococeous thay used this
for neutralisation tests on gosts emd almost 68% of the
filtrates from both sources were neutralised., MoLachlan
(1927) found that horse antitoxic scarlatinal serum
neutralised the majority of toxins obtained from secarlatinal
and non~-scarlatinal streptococci.

 smith (1927) by skin aml neutralisstion tests, and
Okell amd Parish (1928), by proteotion experiments on
rabbits, found thit_ the toxins of all strains of streptocoasci
were identical gqualitatively. From skin and neutralisation
tests the Dioks (1929) found that the soluble toxins prodused
by streptaéooci from Searlet Fever and from Erysipelas were
immunologiocally spesific and distinct. Friedemann,
Deicher and Abraham (1927) showed that haemolytie
étraptoooooi may lose temporarily their toxigenie properties.
Lancefield (1928) isolated, by chemical methods, three
different ahtigenie fractions from haemolytic streptocooci
while Ando (1989) has shown that Dick toxin contains
both thermostable sand thermolsbile fractions.

(10).



SCARLATINAL STREPTOCOCCI FROM OTHER SQURCES.

Several observers have reported the finding of
haemolytic streptococei, indistinguishable from the
soarlatinel strains, in situations other than the throats
of Socarlet Fever patients. It 18 to be recalled thal the
Dicks obtained them from the finger of a nurse suffering
from Scarlet Fever., Tummioliff found them in the
discharges of convalesocent patients. Stevens and Dochez
(1926) found them in the throats of Dick negative patients
suffering from Tonsillitis. Kinloch, Smith aml Taylor (1987)
state that the serological types of streptoéocei characteristie
of Soarlet Fever may be isolated from ocases of Tonsillitis,
Erysipelas, }merperal Fever‘ and Bronchopnsemmoniae. The
Dioks (1987) remark that, in more highly immune persons,
éoarla‘i;inal streptocooci megy ceuse sore throat only.

Stevens (1926) recorded six cases of atypical infection with
searlatinal streptocosci: three of the six gave rise to
seoondary cases of Scarlet Fever and apparently one of the
8ix was infeated from & case of that disease. Smith (1927)
found streptococci serologloally similar to the searlatinal
type in fourteen persons who were not suffering from Soarlet
Fever: ei@f of these persons gave a negative Diok test and
six a slight positive reaction. Tumicliff amd Crooks (1929)
found a healthy earrier of scarlatinal streptococei who gawe |
rise to five secondary cases of the disease. Smith (1929)
(11). '




concluded thay.t‘- ;I.t is not possible to distinguish with
certainty between haemolytic streptococci of human and
of animal origin.

* OTHER VIEWS.

The cansal relationship of the streptoascocci to
Soerlei Fever is not ascepted by some observers. Caronis
and Sindoni (1923) believe that Scarlet Fever is due to an
anaerobie diblocooous while Cantacuzene and Boneiu (1925)
think it due to a filterable virus. Toyoda, Batake and
Pakeda (1925) suggest that, in addition to the haemolytio
streptoococol, other factors are involved in ocsusing Scarlet
Fever, They obtained a staphyloooscus from the throat of
a Scarlet Fever patient and from this they produced a toxin
whioh gave positive positive skin tests in 134 of one
mndred and seventy~elght persons and whioh, ;n intra-
muscular injeetion, produced in one person mausea, vomiting,
fever and a scarlatiniform rash. O!'Brien (198'/6) pointed
out that experimentally produced Scarlet Fever has not been
shown to be infestious ami oites the observations of
Borsett thatt, although Baoillus suipestifer oan produce the
olinical and post-mortem ocharacteristios of Swine Fewer,
the disease so produced is not infecetious. Zlatogoroff,
Koudriavizeva sand Pelante (19287) do not deny the presence of
haemolytic streptoceesi but state that a virus is also
neeessary to produce Soariat Fewr, However, Rachkowska
(1928) has shown that some strains of haemolytic streptococei
| (12)




are filterable. Smirnmowa-Zamkowa {1927) states dhat an
organism belonging to the protozosa is the ocaumel organisme.

CONCLUSION.

The evidence 1s overwhelming in favour of the
hgemolytic streptoocoosoi being the cause of Scarlet Fewer.
Authorities differ as to whether or not thé gcarlatinal
streptocoococi form a separate group, whioh can be
&istinguished definitely from other haemolytie streptosocci.
This difference of opinion is reflected in the two views
prevalling on the etiology of this disease. The Ameriocan
view is that Scarlet Fever is oazused by é speoifioc type of
haemolytic streptococous anml Dochez (1925) states that the
evidence is "as strong as that in maﬁy diseases whose
etblogy is now acsepted without disodssion.® The
prevalling opinion in this ocountry is thathcariet Fewr
is a particular phase only of streptocoocal infection amnmd
the problem of immunity to the disease has been summed up
by Smith (1927) thus "That at least two immunity
substences are required to give complete protection against
streptocoocal infeotion namely enti-toxic and anti-
bacterial properties and that the anti-basterial propertiles
are probably more type~specific than the anti-toxio.
Farther, that the olinioal manifestationsof streptocoocal
infection vary not aqpording to the serological type of

haemolytic streptocoocus causing the infesetion but in
(13).




relation to the biologiocal activity of the~ type, in
relation to the site of inooculation, in relation to the
antibody omtent of the patient's tissues, and finally
in relation to the response of the patient's immnity
mechanism to the infestion". ' |

The Medical Researah‘CGunoil's S8ystem of
Bacteriology states "if any difference exists between
scarlatina and non-scarlatina strains (of streptocooci)
it must depend on the more highly speoialised toxigenio
properties of the former; this, assooiated with a partioular
grale of invasiveness may oonfer on strains an almost
specific property of reproducing uniformly in passdge among
susoeptible persons the socarlatinold syndrome, so long
regarded as almost a speoific disease."

Not only has all this work thrown interesting 1ight
on the etiology and epidemiology of Sosrlet Fever anml on
inmnnity to that disease but it has inoreased our knowledge
of the biological relations between man énd the streptococeci

and given a foundation and stimlus for further research.

(14).




THE DICK TEST.

The Dicks shoied that the filtrate of a breth oulture
of the streptococous causing experimental Sosrlet Fever o
oould be used, in suitable dilution, for a skin test. | The
filtrate was diluted 1 in X, 000 in sterile salt solution
and 0.1 0.06. of this dilution was injeoted into the skin
on the anterior aspest of the forearm. Tfhe presence of &
positive reaction was shown by the subsequent development of
an area of redness around the site of injection. Positive
reactions began to gy pear about four to six hours affter the
injeation. The erythematous area gradually inereased in
size and intensity and reached its maximum in from twenty-~
four to thirty-six hours. Following this the reaction
rapidly subsided anml even tke most strongly positive had
faded at the end of forty-eight hours. They olassified
their results as negative and positive amd the positive
reastions were sub~divided asccording to the degree, size,
time of appearance and duration of the erythema. The
details of their olassifioation of reactions read at the
end of twenty-four hours were as follows.
Negative -~ no resaction.
8lightly positive - a faint red area less than 2 .om. in
| diameter and not ascompanied by

swel ling or tendarness.
Positive - a red area 1-5 to 5 Oem. in diameter wi.th
some swelling and tenderness.
(15).




TYPE 0‘;.- NUMBER SLIGHTLY

STRONGLY
oF NEGATIVE POSITIVE,
PATIENT. PRTIENTS. PasITIVE, POSITIVE,
Convolescent
Scarlel 85 62 3 - -
Fevev
Potients, \
Patreats with
S _hn.s\'ahl of l 6 ’5 - —_ ' X
Scarlet Fever
Potients with
no  ‘tisfory of "% p) Y Jf 19

Scorlet Fever,

*
\‘\lsto«\‘ of Previavs Scartef Feger vevy c\whtfu(.

TAB‘.E !. The Diex Yest 193 pottents — Dick and Dick.




Strongly positive - s red area more than 5 om. in diameter

aocompgnied by swelling and tendermess.
They ocarried out a series of tests on oconvalesoent Scarlet
Fdwor patients, on patients with & history of previous
Scarlet Fever and on patients with no history of the
disease and their results are given in Table I.

O0n the positive reactors they carried out tests with

undiluted fluid from sterile oculture medium. The results
were negative s,hovdng‘that the reactions were not due to the .
foreign proteins of the medium. Some of the negative reaators
gave positive Schiok tests therefore the negative reastions were
not due to inebility of the skin to react. The positive |
reaotors were submitted to further tests with thé following
fluids; i&. & mixture of egual volumes of the filtrate anl of
gserum from a convalescent Soarlet Fever patient and
B. a mixture of the filtrate and salt solution. In each
oase the mixture was heated for thirty minutes before use.
Kixture A gave negative and Mixture B positive results.
Thus the filtrate was neutralised by serum from a
canvalesoent. Later two of the positive reactors developed
Soarlet Fever and in each ocase the reaction was found to be
negative in convalescence. The Diocks eoncluded that the
gkin test desoribed bore a speoifio relation to immunity to
Scarlet Fevwer.

In 1924, Doshez and Sherman reported that, following

experiments \vith'haemolytio streptoococci on the lower

~ animals, they had produced a serum whioch had the ocapaoity

|




when injected intradgrmally, of looally blanohing the

rash in Scariet Fever and which, when used therapgutioally,
csused a marked emelioration of all symptoms. Tﬂoﬁgh

they obtained no conolusive evidensce of the production of
a soluble toxin they advanced the hypothesis that Soarlet
Fever resembles Diphtheria in being a local infeoction of
the throat and that the rash and general symptoms are due to
absorption of toxin. Mair (1923), after investigating the
Sehul tz-Charlton phenomenon, suggested a similar view of
Scarlet Fever. In 1924 the Dicks published observations
on the produotion of immunity by the injection of the toxie
filtrate and came to the ooncliusion that the immnity was
for a true toxin and not for & filterable virus.

Branch and Edwards (1984) introduced the use of a
oontrol in this test. Their control was the toxic filtrate
heated to 9¢°-100°¢. for one hour. Zingher (1984) used a
similar control aml the great majority of snbéeqﬁent workers
have done so. The terminology has been brought inte line
with that used in the Schick test,namely
Negative =~ no reaction.

Pseudo and negative‘ - little or no reaction from the foxin

but definite reaction from the cantrol.
Positive - a reaction from the toxin bdbut none
» from the control.
Pgeudo and positive - a reaction shown by toxin ani oontrel but
4 the toxin reaction greater.

(17).




In Lngust 1924 Zingher published the resu_lts of
Dick tests on aocute anml convalesocent Scarlet Fever patiemts.
In this ocountry the first contribution on this subjeot was
by Ker - and MoCartney of Edinburgh slong with MoGarrity of
Cardiff (1925). ©Sinoce then many observers have recorded
the results obtained from the use of this teat and I will
have occasion to refer to these sontributions later.

The Dicks and other workers believe the test to be
a true tissue response to & true bacterial toxin and
therefordof a similar nature to the Sohick test.
Recently some observers have doubted this explanation.
Sherwood and Baumgartiner (198"6) investigated, in persons who
bad not suffered from Soarlet Fever, the relationship
between the result of the Dick te.st and the presence in the
blood of sgglutinins for soarlatinal streptocoacoci.
nglutinins were found in 11.3% of the Diok positive and in
26.1% of the Diock negative reactors. ‘Tezner and Ungar
(1987) state that the sensitiveness of the skin to the
Diok toxin is readily affeected by non-specific proocesses
é‘uoh as vacoination and doubt if the change in the Dick
reaction during the ocourse of Soarlet Fever is due to the
presence of antitoxin in the blood. Zoeller, Ribaglean—
Dumas and Chabrun (1989) found seven Dick negative infants
whose serum contained no antitoxin, did not neutralise
streptocogoal toxin and did not produce the extinetion signm.

" Meyer (1927) suggested that Scarlet Fewer is an

(18).




snsphylaotic phenomenon in response to streptococcal
infection and that the Dick test is not a true expression
of susceptibility or immunity. Von Groer and Redlioch
(1928) consider the Dick test to be essentially an allergic
reaction aml Progulski aml Redlich (1928) state that the
test, in the same person, is liable to spontgneous alteration
from time to time. Cooke and Ermatinger (1928) oconsider
that the rash in Soarlet Fever and consequently the Diek
reaction are not toxic phenomena but due to bacterial
anaphylactio hyper-sensitivity. Grunke (1929) showed that
Dick toxin bas a charasteristioc feature of an allergio
substanse in that hypersensitiveness to it can be oonveyed.
passively to an otherwise insusceptible person. He
sucseeaded in showing this in four only out of forty-seven
.experiments.

Copemen (1926) showed that the result of the Diock test
varied acoording to the dilution of the toxin ami Lorenz end
Nobel (1987) found a marked variation in the results obtained
with toxins from various sources. These workers and others
have pointed out the need for a uniform standard for the toxin.
The diffioculty lies in the faot thal laboratory animals are
not suseeptible to this toxin and therefore, &s O'Brien and
Okiell hgave shown, the dosage or dilution of the test toxin
cannot be detemined asocurately. Neutralisation by
soarlatinal antitoxin and skin tests in known susoeptibles
are the chief methods available. Recent work by Hartley(1l988)

(19). |




and Pulvertaft (1928) on the production of conoentrated
toxin suggests that in future more aoourate standardisation
will be possible.

The exact nature of streptococooeal toxin is still in
doubt. Tancefield (1928) has isolated three sntigenio
fraations of a zmolebprotein, a polyssaoocharide amd a protein
nature while Ando (1929) has demonstrated the presenos of
heat-labile and heat-stable toxins. The investigations
of Toyoda, Moriwaki amnd Futagi (1930) suggest that skin
tests with heat-labile toxin giire a true indication of
susceptibility or immunity to Soarlet Fewer and that the
response of the skin to heat-stable toxin is allergioc in
nature. Further research on this aspeot of the subject

is neoessai'y.

(20).




MATERIAIS AND TECHNIQUE USED AT MONSALL HOSPITAL.

The materials used for the Dick test were Dick Test
Toxin (Scarlet Fewr Toxin) and Dick Control (Hbafed Soarlet
Fever Toxin) supplied by Burroughs Welloome and Company .
The test toxin is a dilution of the filtrate obtained from a
broth culture of "Streptosooous scarlatinage®. The control
is toxin heated t& destroy its specifie toxicity. These
were obtained in small quantities at & time and were kept in
an ice~-chest till required.

The test consists of the injeotion of 0.2 6.0, 0f the
test toxin INTO the skin in one situation and of 0.2 c.0.
of the oontrol INTO the skin in snother situation. The
anterior aspeots of the forearms were the situations chosen;
the left am being used for the toxin amd the right arm for
the control. JAcouraqy is essential and care must be taken
that the injestion is wholly intradermal. 4 finely
graduated syringe and a sharp olosely fitting needle are
required. The oriteria of a suoccessful performance are a
fealing of resistance as the injestion takes place amd the
simul taneous gppearance of a well-defined white wheal at the
site of injection. Sometimes the punoture of a venule
ocauses slight haemorrhage: if this ooccurs the injestion
should be repeated into another portion of skin. The seame
syringe and needle were used for the toxin and the control
but the oontrol injeoction was always given first.

(2&1).




Some ofﬂthé patients were given anti—sogrlatinal
serum. The serum used was Conoentrated Soarlet Fever
dntitoxin 2 Globulins supplied by Burroughs Welloome
and Company. It was administered always by the |

intramusocular route.

(22).




SUMMARY OF THE W®RK.

Since 1926 &ll patients admitted to Monsall Hospital
with a diagnosis of Soarlet Fever have been submitted, on
admission, to the Dick test, and where a positive result was
obtained, the test has been repeated on the twenty-first day
of disease. All patients with a diagnosis of Diphtheria
have been Diack tested on admission. Every member of the
mursing staff has been submitted to the Dick test. This
routine work has been done by the Residarit Medieal Officers.
Apart from this I have performed the Diok test at other times
on various patients and the results of these tests have been
incorporated into this thesis.

This investigation covers a period of three years;
from June 1926 to June 1929. It was greatly faoilitated
by the full and aoccurate clinical notes found in the
hospital reoords. The Dick test was investigated in the
following groups of persons.
| l. FOUR THOUSAND,SEVEN HUNDRED AND THIRTEEN patients

suffering from Soarlet Fever. This inoludes two

huhdred and ninety-one patients to whom 10 c.0. Of
anti-soarlatingl serum were given on admission.

8. THREE THOUSAND,ONE HUNDRED AND NINETEEN persons among
the nursing staff and patients admitted as suffering
from Diphtheria.

(23).




3.
4.

5.

SEVENTY persons who had been submitted to the
Diok test previous to developing Scarlet Fever,
WO HUNDRED AND THIRTY persons who were reputed
to have suffered from S’oarlet Fever.

ONE HUNDRED AND TWENTY~-TWO patients in whom the
original diagnosis of Scarlet Fever remained
doubtful.

TWO HUNDRED AND NINETY~TWO patients in whom the
original diagndsis of Scarlet Fever was not |

confirmed.

These include almost all the patients with a

diagnosis of Soarlet Fever or Diphtheria admitted during

the three yeara covered by this study, anl the total

nmumber of persons dealt with is EIGHT THOUSAND, FOUR
HUNDRED AND EIGHTY-NINE. |

(24).




THE DICK TEST IN PATIENTS SUFFERING FROM SCARLET FEVER.

In the following sub-sections the Diok test is
considered in relation to certain stages and to certain
features of Scarlet Fever and one sub~-seotion is devoted
to those patients to whom anti-scarlatinal serum was

given on admission.

A Dick Tests on Admission.

In Scarlet Fever the rash is an early and important

feature of the disease and varies greatly in different
patients. It may be sbsent, faint and transient or bright
and lasting. A positive Dick test may be regarded as &
looal infesction with streptocoscal toxin and so the
poasibility of the rash interfering with the Dieck reacstion
must be borne in mind. If the skin has alreédy made the
maximum response to the toxin circulating in the blood,
the injection of toxin into the skin, as in the Dick test,
will produce no sppreoisble result. Sutherland has
drawn gttention to this obsouring of the Dick test in
patients with a bright rash and I have confirmed this.
In others with a bright rash a positive reaction is shown
by a looal inorease in the intensity of the rash round the
site of injection of the toxin.

Four thousand, four hundred and twenty-two Soarlet

Fever pétients were submitted to the Dick test on

admisslon. The dgy of disease on admission varied but the
(25).




DAY oF

Neo, OF

No. PSEUDO-

DISERSE. | PRTIENTS, | POSITIE. | -poerive, | NEGATWE, | OBSCURED) poerre.
[ 242 | 122 14 93 ) 594
2" 1181 655 | 89 589 50 696
5 1429 | Q16 | 105 | 447 | 11 675
4" 1 157 43| 61 | 275 | 4 | 627
5™ 1 295 | 148 | 22 | 123 | - | 580
6" | 143 63 | 10 70 - 510

714" | 2359 | 78 1o | 15} - 568

Woewis| 128 | 33 | 12 | 83 | - | 55

TABLE ” The Dick Test on admission w

4422 Scarlet Fever potients.




majority of patients were a@mitted during the first week

of illness. The results of these tests are given in

Table II. The pseudo and positive and the obscured resctions
are given separately but in caloulating percentages the
obscured reactions have been omitted and the pseudo and
positive have been included among the positive reactions.
Negative and p&eudo and negative results have been grouped
together.

Thus the majority of patients give a positive Dick
test during the first six dgys of the disease but after the
sixth dgy there is a marked deocline in the percentage of
positive reactors. It is of interest to note that the
highest percentage of positives 1s reoorded, not on the
first but on the third dgy of disease. This remains so
even when the obscured reactions are included among the
positives. Zingher found positive reaetions on the first
dsy of disease in all his patients and in 98% during the
first five dgys. Rogsen and Korobioina in oée hundred and
twenty-three patients found that 82.5% gawe positive
reactions on the sesond and third dayé, 74.1% on the fourth
day, 504 on the fifth day and 44.9% from the.fifth to the
tenth d;y. Ker and his oo-'orkeré obtained positive
reactions in 73.9%4 during the first three days and in 68.8%
from the third to-the sixth day of disease. Xer noted th;
disparity between his results and those of Zingher; he

attributed this to various csmses but chiefly to the greater
(26).



AlGNE No. POSITIVE 0R | NUMBER

YEARS, PSEUDO-POSITIVE.| NEGATIVE.
0-1 | I
-2 , S )
29 o) 4
>4 21 1
4-5 22 |8
56 -9 |2
6-7 12 I
7-8 9 g
g-9 K 6

) 9-10 7 7

1015 19 |0
15-20 4 2
20-30 2 )
3040 2 ]
40-50 ) -
over50 - -

~TOTAL. 136 95

TABLE

TABLE “I. Age and Dick fest results 1n 229 Scarlet Fever potients

odmitted on the fstT dw( of disease,



dilution of ftoxin which he himself used. Smith and

Taylor in one hundred and seventy patients found 86. 5%

to be Diok positive on the first two days, '70% on the third
day and 60% on the fourth dsy of disease. Satake found
83.2% of tﬁo hundred and sixty-six patients to be positive
earl:} in the disease and Jaoobowitz 57.1% of one hundred ani
seventy-nine patients during the first five days. In two
hundred snd seventy~-three patients tested on admission,
Brown recorded positive Dick tests in 60% on the first day,
73.5% on the second day, 72. 7% on the third day and ea% on

" the fourth day of disease. Although there are differences
in the satual figures recorded by these observers, #he
findings are comparable and in conjunction with Table II
show a general agreement. My figures, however, show a
lower percentage of positive reactions throughout. Ker has
pointed out that the histery of the onse¥ of disease is not
reliable always. Though this, in part, mey account for
some of the differences recorded, it 1s to be remembered that
the toxins used by these workers were not all from the

same source.

I find 59.4% only to be Dick positive on the first day
of disease; this 1s in merked contrast to the 100% recorded
by Zingher. For this I can find no satisfaotoryﬂezplanation.
Pable III shows that it is not due to a difference in the age
aistribution of the positive and negative reactors. Iees

has shown that, even under the striotest conditions, a‘ certain
(27).
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ekl 47| ot - - _ |
el 600 | 632 | 672 | 650 | 586 | 576 | 44

TABLE lV. The Dick test on admission and i refation fo the rash
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proportionlpf pgtients give a negative Diok test on the
first deay of Scarlet Fever. mherefore‘in a doubtful oase,
a negative Diock test, early 1n the disease, does not
exolude & diagnosis of Scarlet Fever. »

The possible influence of the rash on the Dick test
has been mentioned and in Table IV the cases hawe been
arranged according to the condition of the skin on
admission. Although this classification of the oases is
open to objesction the results do, to some extent,confirm
the findings in Teble II. The larger percentage of positive
reactions smong those with faint rashes is probably due to the
greater eade with which a positive reaction is manifested.
If the obsoured reasctions are included among the positives
the highest percentage is recorded among those with a wvivid
rash, but there is too great a disparity between the number
of patients in easch group to permit of striot comparison.

In 3.1% of the total patients the rash so obsoured
the Dick testnthax a satisfaoctory reading could not be
obtained. This ocourred in 34.3% of the patients with a
vivid rash and in 4.5% of those with e bright rash. This
obgouring was of littie alinical significance as in none
of these cases was the diagnosis in doubt.

B. Dick Tests on the 2lst dgy of disease and later.

Two‘tMDusand, two hundred and eighty-three patients
who were Diock positive on admission were re-tested on the
twenty-fifst day of disease. To none of these patients

(28).



DAY NUMBER | NUMBER | NUMBER
D\so:ASE PATC:E NTS | POSITWE WEGATIVE
28™ 4% 8 3
55 34 26 59
4% | 23 6 17
49" | 20 13
36" | 12 S 7

wha were Dk posdwe on Z\Ac_\m{ of disease,;

TABL[_ V. Further Dick Tests on 182 Scarlet Fever potients




had anti-socarlatinal serum been administiered. Seventeen
bundred and thirty-sixz or 75.1% were found to be negative
while five hundred emd forty—s;ven or 25.9% remained
positive. ‘Thus the mejority had beoome D:.lck hegative
during the course of the dlisease. ' '

0f those who remained positive one hundred and eighty-
two were re-tested later and the results‘ of these tests are
shown in Table V. This table does not refer to systematioc
re~tests at weekly intervals but to haphazard re-testing
at varying intervels after the twenty~-first day and each
patient was re-tested once only. Though this detracts from
dhe value of the table the figures show that some patients
remain Diek positive as late &s the fifty-sixth day of disease.

éther observers have reported positive Diak tests in
Scarlet Fever convalescents. The Dioi:s in their original
paper noted three cases. Ker found 7.3%, Rosen and
Koroblioina 17.24, Satake 5.64 and Peters =d Allison 314 to be
positive during.oonValesaeno'e. Murrey found 10% of four
hundred patients to be positive on the twenty-fi;'st day of
disease and Smith and Taylor 14# of one hundred and fifty-
eight in the fourth week. Zinéher in his series of one
hundred and seventy patients had twelve persistent Diok
positive reactors. He suggested as an explanetionAthat there
ngy be occasional strains of the haemolytiec streptococei J
causing Soarlet Fever which produce different toxins.

A further twenty patients who were Diok positive on the

(29). |
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twanty~-first day of disease were submitted to weekly re-tests
till a negative result was obtained or till they were
- discharged from hospital. The results are given in Table VI.
The number of observations here regorded is too small
to be oonclusive but the general inference is that, using
the Diok test as an indiocator, there is a steady inorease in
immnity amnd that the rate of inorease varies in différent
patients. In some patients the development of immunity, if
it does ocour, is oconsiderably delayed. Brown ocarried out a
gseries of weekly Dick tests on elghty-seven patients and
found a steady deorease in the number glving positive reactions.
On the twenty-first day of disease 80.5% of the
patients with a vivid rash and who were Dick pésitive on
admission were found to be negative while of those with a
faint rash 70.9% were found to be negative} Phis suggests
that there is aﬁ assogiation between the intensity of the
rash and the rate of development of immunity but the number of
patients with a vivid rash is too small to permit of any
sonolusion.
0f one hundred and twelve patients in whom the Dick
test on admission was obsoured, 15.2% gave positive reactions
on the twenty-first dgy of diseasse. ‘ This suggests that,
but for the rash, many of these patients would have manifested
a positive Dick test on admission.
Linﬂéay and his co-workers have shown that the amount

of antitoxin in the blood of convalescent Soarlet Fever

(30).




patients varigs greétly in different individuals while
Henry and Lewis found the amount of anti-toxin in the blood
of patients to be oonsiderahly greater than that found in
normal "resistant™ controls. Abramson has recorded seven
and Brown thirteen patients in whom, during the ocourse of
Scarlet Fewr, the Dick test was sometimes positive and
sometimes negative.

Thus the Dick test throws light on the development of
immunity to Soarlet Fever but further work is required to
explain the mechanism of immunity production and the
relationship between the antitoxin ocontent of the blood and
the sensitiveness of the skin to streptoococcal toxin.

C. The Dick test in relation to the incidenoce of

complioations and the number of dgys in hospital.

By deducting from the four thousand, four hundred
and tweﬁty—two patients who were Dick tested on asdmission,
serum

eighty-three to whom anti-soarlatinalAwas administered later
end one hundred and thirty-eight in whom the test was

obsgured I was left with four thousand, two hundred and one
patients.' 0f these two thousand,six hundred and five were
Dieck positive and fifteen hundred and ninety-six Didk negative
on admission. In each of these groups the inocidence of
Rhinitis, Adenitis, Otitis Media, Albuminuria, Nephritis
and Rheumatism was investigated and the results are shown
in Figure I.

These complications were defined as follows and only

(31).
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those fulfilling these requirements are inoorporated.

Rhinitis means nasal dlscharge persisting later than or
arising after the twenty~-first dey of disease.

Adenitis means late adenitis amd includes all stages from
simple enlargement to suppuration. '

0titis Media does not incdlude the lighting up of pre-existing
middle ear disease.

Albuminuris means albuminuris oocurring after defervesoence,
persi'sting for at leat four days and not
associated with febrile conditions such as adenitis.

Nephritis does not inolude any similar pre-existing
condition. |

Rheumatism means swelling,pain and tenderness in the Jjoints
whether or not accompanjed by fever.

This analysis clearly demonstrates that, viewing each
group &s a whole, complisations were more frequemt in Dick
positive than in Dick negative patients ani suggests that in
the latter the disease was less severe. It is interesting
to note that Rheumatism was a little more prevalent in the
Dick negative patients. This was not due to the patients
who developed Rheumatism having been admitted at a later
stage of the disease than the average.

From the above findings it is reasonable to assume
that ooniplica’oions would be less frequent in those patients,
originally Diock positive, who were found to be Dick negative

on the twenty-first dgy of disease than in those who

(32).
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remained Dick positive. Figure II shows that with the
exoeptioné of Adenitis and 0titls Media the reverse was
found to be the ocase.

The oomplications of Scarlet Fever are due to the
invasion of various tisane‘s by mioro-organisms as a result
of the lowering of the patient's general resistanoce.
Haemolytic streptocosci are the invading mioro-organisms
in many oases but in what pmportion this is so ocammot
be steted. My findings favour Smith's view that, in
addition to the anti~-toxioc festor, some other factor is
oconcerned in immnity to Scarlet Fever. Further local
eonditions in the nose anmd throat such as enlarged tonsils,
adenoids oradefleoted septum must have an influence on the
ocourrence of Rhinitiis, Adenitis and Qtitis Media. .
Apparently there is little relation between the antitoxin
sontent of the blood revealed by the Dick test and the
incidence of complications. |

The classifiostion of Scarlet Fever intoc severe,
moderate and mild ocases is an arbitra_ry one in whigh the
dividing lines are indistinet and into which fhe personal
bias of the observer must enter. However the oriteria on
whioh a patient is oommsidered fit for discharge are
prectiocelly uniform in this country and I submit that,
where a suffiociently large mumber of cases oan be
investigated, the duration of stay in hospital will give
some indication of the type of disease. Omitting those who

(33).
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died, those in whom the Diok test was obsoured, ‘those
treated by serum and those who developed Chioken Pox,
Measles or other disease npt direetly attributable to
Soarlet Fever, three thousand, nine hundred am fifty-one
cases were found to be suitable for this investigation.
Two thousand, four hundred aml fifty were Dick positive on
edmiss ion and their average stay in hospital was 44.9 days.
Fifteen hundred and one were Dick negative on admission and
in them the average number off days in hospital was 41.3
dayse. No Scarlet Fever pastient was discharged from Monsall
Hospital before the fourth week of disease and the majority
were detained till the thirty~-fifth day. A oomparison of
these two groups according to the day of disease on
admission is shown in Figure III.

Whatever the day of disease on admission the Diek
negative patients were detained,on the average, for a
shorter period than those who were Dick positive. This
again suggests that Scarlet Fewer is a milder disease in
DAok negative patients but the difference is not suffieiently
marked to warrant a definite statement to that effeot.

0f thirty~three fatal ocases sixteen were Dick
positive, fifteen Dick negative anmi in two the Dick test on
admission was obsoured. The Dick positive and those in
whom the test was obsoured were all admitited on the seoond,
third or fourth day of disease. As five of the Diock
negative were admitted later than the sixth day of disease 1t

(34).



is possible that some of them were Dick positive at the
onset of disease. No conqlusions can be drawn from this

small number of fatal cases.

D. The Diok test in relation to seocondary attaoks.

Secondary attacks osourred in thirty-five or 0.8%
of four thousend, three hundred amd thirty nine patienté who
were not treated by emti-scarlatinsl serum. Here, a |
secondary attack is defined as the ocourrence, after
defervesoence emd the fading ofthe primary rash and at least
eight days after admission to hospital, of sore throat, peeling
tongue, li’ewe‘r and a soarlatiniform rash. |

0f these thirty-five patients, one was admitted on |
the first dgy of disease, eight on the second day,fifteen
on the third day, five on the fourth ‘day, one on the fifth
day, three on the sixth dey, one on the eighteenth day and
one on the twentieth day. Thirty -three were Dick positive
and two were Diak negative on admission. Previous to the
soeondary attack twenty-nine of those who were Diok positive
on sdmission were re-tested on thetwenty-first day of
disease; nineteen were positive and ten were negative.
The following case is the only one which remained Dick
DPositive after a seoondary & tack. |

b ed 11 years, was admitted on the 3rd dey
B e itk a1l ihe typlosl features of Searlet
Fever. Pin-hole desquamation followed. On the 18th
dsy of disease he developed cervical adenitls which
prooceeded to suppuration. On the 40th day, fever,
sore throat,peeling tongue and & punotate erythema
were noted. Further desquamation followed in due
course.The Dick test was positive on admission,on the
21st end on the 60th day of disease.

(35) .




The majority of these secondary attacks occurred
between the twenty-eighth day and the forty-second day of
disease: the earliest appeared on the twelfth day and the |
latest on the seventy—geventh day. In almost every ocase the
vatient was no longer confined to bed when the seoondar;fatt‘aok
developed. The minimum time which elapsed between
admission to hospital and the secondary attack was eleven
days and the maximum seventy~-three days. In Monseall
Hospital cases of all degrees of severity are mursed in
the same ward. |

The theory of auto-inooulation has bean advaneed
as an explahation of the oaescurrence of secondary attacks
but Burton and Balmain have recorded two thouseandjend
eighty three Soarlet Fever patients who were mursed at home }
and in whom no secondary attacks developed. The other |
view is that the secondary attack is due to superimposed

infeotion derived from a new admission or - from another

patient in the ward. Some support for this view is given
by the work of Gunn apd Griffith who, in three patients
with persistent positive Dick tests, foumd that the

appearamce in the throat 6f a second type of streptococous

coinocided with a secondary attack of olinical scarlatina.

The Diok test throws little light on this problem.
Abramson records a case where after a seoondary attack the
Dick test became temporarily negative and then definitely
Positive. Burton and Balmain have obtained positive Dick
(36). | |
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tests after secondary attacks. -It has been seen that the
majority of Soarlet Fever patiemts are Diock positive on
admission and that, of the Diok positive, twenty-three

per sent. are still so on the twenty~-first dai of dlsease
yot secondary attaocks ooccur in only one per cent. of all
cases. Here gpparently, some faotor which has no definite
relation to the Dick test is involved.

In two patients who were Diock positive on the ‘
twenty~-first day and in whom seodndary attaoks appeared on
the teenty~third and twenty~-fourth days respeotively, a
blanching of the rash at the site of the reoent injeotion
of toxin was noted. This "toxi-extinction" phenomenon was

desoribed flrst by Zoeller ‘ )
E. The Dick test in patients treated by serunm.

In oonneation with snother mvestigation two
hundred and ninety-one Scarlet Fever patients were given on
admission mﬂ. intramscularly 10 c.0. of anti-so\arlatinal
serum. At fhe sane time a Dick test was carried out on
eaoch case and the results are shown in Table VII.

In comparison with Table II there is a marked
redﬁotion in the peroantagé of positive reactions. Though
t+he pnumber of observations recorded here is small, this
reduction oan be attributed only to the aotion of the serum.
varistion in the rate of absorption of the serum no doubt
permiti;ed the manifestation of positive rescotions but even

allowing for this the peroentage seems to be high. Most
(37).



of the patients showed a rapid fading of the rash and
amelioration of the symptoms. The obscured reaotions
show that in some oases the rash was "fixed".

Sixty~-nine of the positive reactors were re-tes‘bed
on the twenty-first day and nine or 1% were positive.
Seventy-nine of the Dick negative pati;nts were re-tested
at the same stage of 'i-.he disease and six or 7.6% were
found to be poéitive. Apparently in these patients the
passive immnity, if any, conferred by the serum was of less
than twenty-one days duration and active immunity had not
been sufficiently established by that time to yield a
negative Dick reaction. Banks and Mackenzie, in one
hundred pé.tien'bs to whom serum was administered intravenously,
found twekve to be Dick positive fifteen to twenty days after
the onset of dlsease. Brown carried out weekly Dick teds
on patients treated by serum and oame to the conclusion
that "the administration of serum delays the process of
naturél antitoxin formation.™

Here, my observations are not suffioient to warrant
definite conclusions but they appear to favour Bfown's view.
Further, anti-soarlatinal serum is to some extent " an
unknown quantity" as O0'Brien, Okell and Parish have shown
that there is no satisraotory method of titration avallable
as yet. Craig found that enti-scarlatinal sera had,
as indicated by the Diok test, widely varying proteotive
.powers; he oconsidered these variations to be due more to
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the sera than %0 the individuals.

Meny have recorded the production of passive.immunity
in susceptible persons by the administration of serum.
The proof of immunity was either the produstion of a
negative Dick test or a feilure to eontrasct Soarlet Fever
on exposure. Others have recorded the duration of this
immunity as ascertained by the Dick test. The findings vary
in regard to the quantity of serum required and to the
duration of the protestion. In this connection the following
case is of interest.

4 male aged 16 years was admitted with a diagnosis of
Scarlet Fever. After examination there was much
doubt as to the diagnosis but finally the condition

was considered to be atypical Scarlet Fever. A Dick
test was performed, 10 c.c. @anti-scarlatinal serum

were given, and he was admitted to & Scarlet Fever Ward.
Next day the Dick test was positive, the rash fading,
the temperature fallen and the patient felt much better.
At the end of forty-eight hours the rash had gone but
the tongue showed no signs of peeling.

Five days after admission he vomited, complained of
sore throat and his temperature rose to 100° F.

Another Dick test was immediately carried out. Next

dey he presented the typical pioture of acute Scarlet
Fever with early ocervical adenitis. The Dick test was
negative. Despite the administration of a further

50 6.0. 0f serum he was acutely ill for seven days.
Typical desquamation followed and the Dick test was
negative on the Zlst dey.

I think the original diegnosis of Socarlet Fever was
wrong. The positive result of the first Dick test roused no
suspiocion as this had been.found in other patients (see
TableVII). In this oase the serum ultimately rendered the
Diok test negative but did not protect against Scarlet Fever.
'Despite the massive exposure to infestion such a failure to

proteet on the part of anti-scarlatinal serum must be rare.
(39).



TASH: Vlu. The Dick fest 1 33 perseons.
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THE DICK TEST IN THE NURSING STAFF AND OTHER PATIENTS.

Every member of the mursing steff and all patients
admitted with & diagnosis of Diphtheria were submitted to
.the Dick test on admission. The results of these tests are
shown in Table VIII. No person reputed to have suffered
Previously from Searlet Fever is included. These patients
and staff cannot be considered &as "normgl" individuals but
I think they may be taken as representati#e of the general
population.

Zingher investigated the Dick test in over seven
thousand normal individuals in New York. A similar
investigation, on fifteen hundred persons seleoted at random,
was carried out by Kinloch and his co-workers in Aberdeen
while Smythe end Nesbit have resorded the results of the
Dick test on over six thousand persons in Indiana. The
results of these workers are shown in Tables IX, X, and XI.

These four tables all show differences, which may be due
to a variety of oauses. They may be due to the employment
of different toxins, to differenses in the dosage or
standardisation of the toxin, to real differences of herd
immunity in the populations tested or to a combination of
these faotors.

The results of these four investigations are compared
in Figure IV. My findings correspond fairly olosely with
those of Smythe and Nesbit and occupy an intermediate position
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between those of Kinloch and those of Zingher. All agree
in showing that susoceptibility to Scarlet Fever is greatest
during the first five years of life and that susceptibility
diminishes in each suceeeding ql_uinq,uennial period;
Statistios show that the second quinquennial period furnishes
the largest number of cases, then the first five years and
after that the remaining five-year periods in order of
suceession. The disorepancy between the susceptibility and
the incidence in the first two quinquennisl periods is due
to the inoreased exposure to infeetion resulting from
attendance at school during the second of these perliods.

Thus the Dick test, when used as an indiocator of
susceptibility %o Scarlet Fever and when applied to the
population in general, yields results whioh do not differ
from thos_é previously established by elinical and

statistioal observations.




THE DICK TEST IN PERSONS WHO LATER CONTRACTED
SCARLET FEVER. '

During the three ysars covered by this investigation
sixty~-eight Diphtheria pstients, one patiemt suffering from
Tonsillitis and one nurse developed Socarlet Fever. The
nurse, Diok positive anmd not yet immunised, had been placed
on duty, in error, in a Scarlet Fever ward, and the patient
with Tonsillitis was oross~infested in the bed-isolation
ward. The majority of these cases ocourred sporadically
eand the lergest mamber in one outbreak was four.

411 had been submitted to the Dick test on admission
to hosPifal and therefore previous to developing Scarlet
Fever; sixty-three were positive and seven were négative.
Three of the negative reactors were submitted to the
Sell tz-Charlton test and in esch case a positivevresult
was obtained. TLees, Brown and other writers have noted
the oscurrence of Scarlet Fever in persons giving a
negative Dick test but XKinloeh reports that "in a series
of 6,807 Dick rezotions observed during the iast two years,
Soarlet Fever has been found to occur only in individuals
giving a marked Diock reaction®. These statements are
difficult to reconcile but frﬁm the evidenoce of competent
observers it must be aocepted that Scarlet Fever may
ogcur among negative Digk reactors.

In twenty-eight of the Dick positive patients a

re-test was carried out on the‘twenty-first day of disease
(42).



and in twenty-four or 86% the re-test was negative. This
confirms my previous obsérvation that the majority of Dick
- positive reactors become negative reaoctors during the |
course of Soarlet Fever. .

Zoeller's toxi-extinetion sign was noted in one
of the positive reaoctors in whom the rash appeared four
days after the performanae of the Diock test. The
"reappearance phenomenon"™ described by Zingher was not
recorded in any of these patiénts.

Five of the Diok negative reactors were under my
care. In four the attack of Soarlet Fever was mild
but in one it was hoderately severe, The latter patient
developed double Oti’_cis Media and late Adenitls ocourred
in one of the mild ocases.

(43).




THE DICK TEST IN PERSONS GIVING A HISTORY OF
SCARLET FEVER.

One hundred snd eighty-eight patients notified as’
suffering from Diphtheria and farty-two members of the
nursing sta:ff were reported to have suffered previously
from Scarlet Fever. A1l were submitted to the Diok test
and fifty-five or 24% were found to be positive.

Where the diaéno sis of Scarlet Fever is not
sonfirmed, the patients or their relations are not informed
allaays of this fast end thus a false history will be given
later. In other cases the history 1is so vague and
indefinite that no reliance can be placed on it. I do not
think that these two groups would account for 24% of the total.

Among persons with a history of Scarlet Féver Ker
and his oo-workers found positive Dick tests in 17. 7%
Kinloch and his oo-workers in 10%, the Dicks in 9.3%.

Rosen and Korobioina in 23. 4% and Brown W.A. in 6.6% .
In none of these groups was the history verified and the
figures show great variation.

In another group of fourteen persons Rosen and
Korobigina verified the history but found two to be Dick
positive. Brown found no positive reactions in eighty-
threaj persons who undoubtedly had suffered from Soarlet
Fever five years previously. 1In eight of my cases I was
abole to verify the history; seven were negative and one
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was Dick positive. The history of the positive reaator
is aé follows: ~

4 nurse, aged 17 years, was found to be Dick

positi ve when she Joined the staff on 4.3.27. She

was immunigsed against Soarlet Fever by the Dick
method. The injections were given at four-day

" . intervels and in all 18,000 skin test doses of
toxin were administered. The Diok test was
negative on 12,4.27. She developed Socarlet Fever on

21.6.27 but the Diok test performed on that date

was obsoured by the rash. Though the rash was

marked the attack was mild. Typical desquamation
followed and the Diock test was negative on the 2lst
day of disease. On 18.6.29 I carried out another

Diok test amd obtained a positive reasction.

Thus dquring the two years whioh had elapsed between the
attaok and the final Dick test this nurse had again beoome
susgeptible despite her repeated exposure to infestion.

Apparently where the history of previous Soarlet
Fever oan be verified few positive Dick reastions are
" obtained and this 1s in sgreement with the known rarity
of second attacks.

Positive Schiock tests have been found in persons who
bave suffered from Diphtheria. Dudley suggests that in
these cases the olihical :D:I.phthei'ia has acted as the ,
tprimary stimlus®™ but has not produced suffiocient antitoxin
'i;o gilve a negativé Sdhick test and that later exposure to -
diphtheris infection msy act as the "secondary stimius”
and quickly praduce antitoxin to protect against a seoond
attaak. I do not think the rarity of second attasks of
Searlet Fe&ar, despite the persistence of positive Dick

reaotions in those who have suffered from the diseaée, oan
(45).




be explained on this basis as the serun of a Diok positive
reactor may produce a ’positive Sohml tz~-Charlton test.
Further Kondo has reported eighty patients in whana change
in the Diok reaotion from negative to positive was
observed during Soarlet Fever snd yet the serum of all
these patients produoced positive Sohultz~Charlton blanching.
The work of Ando and of Toyoda and his se-workers on
the thermelabile and thermostable fractions of Diek toxin
suggests that the persistence of positive Diok tests after
Scarlet Fewver is due to the development of allergy to
the thermostsble fraction.

(46).




THE DICK TEST WHERE THE DIAGNOSIS OF SCARLET FEVER

REMAINED DOUBTYUL.

4ds far back as 1829 Trousseau noted that all the
typical manifestations of the disease were not present in every
case of Scarlet Fever. His findings have been confirmed
universally and to-day the diagnosis of Scarlet Fever presents
many diffioulties. The rash may be fleeting or absent and
may not be followed by desquamation; obvious sore throat may
be missing and even the changes in the tongue may be ill=-
defined and incomplete. It is impossible to differéntiate
Socarlet Fever from some types of Puerperal Fever on
baoteriological or epidemiological grounds and the cglinical
distinotions are far from ol ear. When oonsidering relapses
the possibility of one variety being engrafted on{another has
been mentioned. Again the inoubatdion period is variable and
vafigtions from twenty-four hours to six days have been
reported by competent observers. | Varying types of haemolytio
sfreptocoooi have been isolated from Scarlet Fever pétients
but as yet no true correspondence between the type of
streptoooocus anl the type of disease hss been demonstrated.
The diagnosis of Soarlet Fever is based on olinical
observaj}ions and the olinical oonception of what is to be
regarded as Soarlet Fever will vary with different observers.

In spme patients admitted to Monsall Hogpital with a
diagnosis of Soarlet Fever the olinical findings were so
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indefinite that these patien‘ts.were elassifiedr on disocharge
as "doubtful Scarlet Fever”. In thié group were placed
one hundred and twenty-two or 2.4% éf the total cases
adnitted. These patients were nui'sed in the bed-isolation
ward, desquamation was absent in eaoch snd the minimum period
of detention was twentyene days. No return cases oacurred.

On admission eighty-seven or 71.3% were found to be
Dick positive. In seventy-seven of thesére-tes‘bs on the
fwen'by-first day of disease showed that twenty-six or 33.8% hed
become Dick negative. This is in marked contrast to true’
Scarlet Fever where 76% of the positive reaotors were found
to be negsbive on the ﬁenty-first day.

These Diok tests suggest thek the majority of these
patients did noi; suffer from Soarlet Fever though, on olinical
grounds, one hesitated to be so dogmatiac.

(48).




NUMBER OF NUMBER NUMBER
DIAGNOSIS PATIENTS POSITIVE NEGATIVE

Tonsillitis 129 e 352

Erythema 81 42 29
Rubella 18 )

Pheumonta 19

Urticario
Bronchitis
Dermatitis

Diphtheria
Otitis Medio

WG |esfoo |2 |®

Cory3za
Drug Rash

—_ (=P[O |60 | —

Rheumotism

Abscess
Enteritis

Jaundice

Purpura

Mumps
Chicken Pox

Small pox

Psoriasis
Measles

TOTAL 292 162 150

SR DU D DR U N D PO P CR E.CR AR B B o AN PR \e)

TABLE xu. The Dick test and Diseasein 232 potients th whom

the oriqinal disgnests of Scarlel Fever was net

tonfirm ed.



THE DICK TEST WHERE THE DIAGNOSIS OF SCARLET FEVER

WAS NOT CONFIRMED.

In two hundred aml ninety-two or 5.7% of the total
patignks admitted as suffering from Soarlet fever, that diagnosis
was not confirmed. The final diagnosis and the results of the
Dick tests on admission are shown in Table XIXI. These patients
were mursed in the isolastion or bed-isoclation wards.

One hundered and twelve of the positive resotors were
re~-tested twenty-one days after admission: one hundred ami one
were positive and eleven were negative. In these eleven
patients the diagnosis was Tonsillitis and short notes on each
are given in Appendix I.

How are Soarlet Fever without a rash and Tonsillitis to
be differentiated with any degree of certainty ? The faueclal
condition is not distinative and vomiting may or mgy not oacur
in eaoh; the changes in the tongue, so charaateristic of Soarlet
Fever may be ill-defindd or absent and in Tonsillitis the tongus
mey be red, raw and papillated. The oocurrence of Nephritis
would favour a diasgnosis of Soarlet Fewsr but otherwise the usual
oomplioations are common to both conditions. & history of
previous exposure to infeotion, although of value, is not
conclusive. In these patients no detailed enquiries were made
regarding previous exposure to infeetion or the ocaurrence of
further oases in the seme household.

Does a change in the Diock reaction oecour in cases of
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Tonsillitis in whom there has been no suspicion of Scarlet
Fever ? I re-tested, twenty-one dgys after admission, thirteen
patients who had yielded positive Dick reactions on admission
and in whom the original diagnosis of Diphtheria was changed to
Tdnsillitis; a negative result was obtained in four. 211 these
patients were suffering from what is usually oalled Septic
Tonsillitis and short notes on the four in whom the Dick
reaction changed are given in Appendix IT. In these four
cases ocareful enquiries elicited no evidence of exposure to
Scarlet Fever amd no other person in any of the households
was infeoted. Rhoads found haemolytic streptocoaei in the
throats of twenty-seven out of one hundred Diphtheria
patients and 55.2% of these streptococci were considered
to be soarlatinal strains.
Nobel and Schonbasuer have reported two cases of
Erysipelas in whom the Dick reaotion changed from positive
to negative during the course of the illness. I found a
similar though much delayed change in the following case
of Aocute Rheumgtism.
& glrl, aged 14 years, was admitted on the third day
of illness with a diagnosis of Soarlet Fever. She
gave a history of vomiting and sore throat but no
rash hal been seen. No evidence of Scarlet Fever was
found but the tonsils were aoutely inflamed. She was
admitted to the bed-isolation ward.
The fever continued and three days later double otorrhoa
was notieed. The temperature remained high and the
patient seemed more acutely ill than the aural
condition warranted. 4 further examination four days
after admission revealed acute endocarditis. Her

condition became grave and six weeks elapsed before
the temperature subsided. At the end of six months
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her heart was sufficiently impboved to permit of
her being transferred by ambulance to her home.
No desquamstion was noted.
The Dick test was positive on admission and again
one month later but was found to be negative four
and five months af ter admission.
. Thus a change in the Dick reaction from positive to
negative has been reported in two cases of Erysipelas and I
have found a similar change in fifteen cases of Tonsillitis
and in one ocase of Aocute Rheumatism. fThe researches of
Burt-white, Colebrook and their co-workers suggest that women
with pésitive Dick reactions show an inoreesed susoeptibility
to Puerperal Fever but I have been unable to find any record
of an alteration in the Dick reaotion during the course of that
disease. It is known that haemolytid streptocooai produoce
diseases other than Socarlet Fever but basteriologically these
streptoooaai are not of the same speailes though saome,isolated
from conditions other than Scarlet Fever, give all the reactions
of the Dick strain. My findings support this and suggest that
Soarlet‘Fewer is not a specific disease.
| Epidemiologically the assomiation of Scarlet Fever with
Tonsillitis is known. Hglliday, after investigating outbreaks
of Scarlet Fever in Schools in Glasgow, ocame to the conolusion
that %a series of sore throats may aot as the conneoting link
betweén two apparently sporadioc cases of Scarlet Fever".
" Soammon reported & milk-borne epidemio of sore throat which
was traced to the dairyman and his family where all had

Scarlet Fever except the mother who had a septic finger.
(51).




Clinically there are different types of Jcarlet
Fewver and apparently one type can become engrafted upon
another., Again, new admissions to Scarlet Fever wards
reinfesct sonvalescents and cause epidemios of oompliocations.
Between the type of disease and the type of streptocoeocus no
gorrespondence has been established. These faots fawvour the
view that Scarlet Fever is not a specifio disease but against
this 1s the knowledge that Socarled Fever protests against

itself and tends to breed true. | '
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SUMMARY AND CONCLUSIONS.

The assooiation of streptocosoi with Scarlet Fever |
hes been recognised for many years but, until the work of the %
Dioks, no convineing evidenae that s treptoooocl cause this |
digease hal been forthcoming. This etiologloal relationship |
is now accepted generally but no certain method of differentiating,
these streptocosei from other haemolytio streptococsi has been |

disaovered. At the present the evidenoe available suggests |

strongly that Scarlet Fever is not a specifio disease but
rather one manifestation of streptocooccsl infection.

The discovery by the Dicks of a soluble stmeptoococoal

toxin capable of producing oliniocal Socarlet Fever has advanced
greatly our knowledge of the disease. The production of an
antitoxioc serum followed olose on this discovery. As man alone
is susceptible to this %oxin an aocurate method of titrating
the toxin or the antitoxin is not yet available.

The use of this toxin, in soluble dilution,as a skin

test for susoeptibility to Scarlet Fever was introduced by the
Dioks. The materigl in this thesis ineludes almost all the
Dick tests performed at Monsall Fever Hospital from June 1986
to June 1929. The invesgigation was conoerne@ with the results

of the Dick test in (a) patients suffering from Soarlet Fever
(b) patients in whom the diagnosis of Saarlet Fever remained
doubtful or was not confirmed (o) patients with a history of

Saarlet Fever,(d) patients who, subsequent to testing,developed i
(53) . |



Soarlet Fever and (e) in patients notified as suffering
from Diphtheria and (£) in the nursing staff.

The results of the Diock test in the early and late
stages of Soarlet Fever have confirmed in general those
.0btained by other observers. The majority of patients
glve positive tests early in the disease and the greater
proportion of these become negative reactors during the
course of the disease. In general complications are less
frequent and the duration of stey in hospital is shorter in
those patients who give a negative reaotion early in the
disease but this does not apply to individual oases.
Secondary attacks are more frequent in patients giving a

positive reastion in the early stages but do not appear to be

influenced to any extent hy the rate of development of natural

immunity as shown by Diock tests on the twenty-first day of

disease. 1In patients treated by anti-scarlatinal serum my

e Y Yooy e Vo

results are inconclusive but here neither the serum nor the

toxin can be agcurately assessed.
A positive Dick test indicates susaeptibility to
Scarlet Fever but a negative result does not indicate complete

immunity in every case. The test has been shown to be i

gsuitable for epplication to the community and the occasional !ﬁ
osaurrence of Scarlet Fever in a negative reactor does not

detract to any extent from the value of the test in this

respect.

In persons reputed to have suffered from Scarlet
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Fever 2 oonsiderable number give positive reaotions but where
~this history is verified positiwve reaoctions are infrequent.
This is in agreement with the faot that second attacks of the
dlsease are rare.

In general the relation between the Diak test and Scarlet
Fever is very close but in particular it is not suffieiently
constent to warrant complete aoceptance in diagnosis. Many
patients give negative tests on the first day of disease,
others remain positive in the late stages and in patients
suffering from other diseases a ahange from positive to
negative in the result of the test has been observed. A
ohanga from negative to positive during the course of Scarlet
Fever has been recorded by smome observers and the serum of s
positive reaoctor mgy produce Schultz-Charlton blanching.
Clinioally Soarlet Fever im a positive reasotor camnot be
distinguished from the same disease in a negative reasctor.

A bright rash may obsoure the reaction but this is of little
import as in suoch cases the diggnosis is not usuwally in doubt.
Though, on basteriological grounds, Soarlet Fever

can no longer be looked upon &s & specifio disease, it is,
for olinical and administrative purposes, still regarded as &
definite entity. Where its manifestations are typical the
Dick test is not required for diagnosis and the test, in
doubtful ocases, is of little or no value.

The fault seems to be more with the toxin than with
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the test and recent work suggests that in the future a
standardised and more specific toxin will be available and
so greatly enhanoce the value of the test.

-

(56).
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APPENDIZX I.

Phis contains short notes on eleven patients in whom

the original diagnosis of Scarlet Fever was altered to

Tonsillitis and in whom the Dick reaction changed from

positive to mnegative during the course of the illness.

1.

2.

Se

4.

5.

6.

7.

A male, aged 2 years, was admitted on the 3rd day of
illness. The faucies were deeply injeoted but no
rash or peeling of the tongue was observed. Neither
pyrexia nor desquamation was recorded.

A femagle, aged 6 years, was admitted on the 2nd day of
illness. The tonsils were enlarged and inflamed but
no rash or stripping of the tongue was noted. The
temperature was raised for 24 hours after admission.
Desquamation did not ogcur.

A female, aged 7 years, was admitted on the 1lst day of
disease. She hal vomited, the face was flushed and
she oomplained of sore throat. No rash, fever or
desquamation was noted.

A female, aged 6 years, and giving a history of sore
throat, was admitted on the 8th day of illness. No
staining was seen and the tongue was neither ocongested
nor peeled. Slight gervical adenitis was present.

No desquamation ooccurred.

A femgle, aged 4 years, was admitted on the &nd day of
disease. No rash was seen nor was the tongue typical
but the tonsils were inflamed &and partly covered by
loose exudate. The temperature was raised for 36 hours.
Desquamation did not oocour.

A male,aged 7 years, was admitted on the 6th day of
illness. A history was obtained of vomiting ami sore
throat but not of rash. Flaky desquamation was present
on the forehead. No fever or further desquamation

was observed.

A female, aged 8 years, was admitted on the 3rd day of
illness. There was a history of sore throat ani
flushing of the fase. No rash was seen but the fauces
were acutely inflamed. Bever persisted for three

days,the tongue did not peel and no desquamation was sean.ﬁ

(67).




8. A male, aged 3 years, was admitted on the 6th day of
illness. A rash was said to have been present on the
faoce. No staining was seen, the tongue was not
typical and there was no fever. Slight ocervieal
adenitis was noted. No desquamation ocourred.

9. A female, aged 4 years, was admitted on the 4th day of
disease. No erythema was present but the skin showed
numerous flea bites. The tonguewas thiokly coated
and the tonsils were swollen and inflemed. Fever
was present for 48 hours, the tongue did not strip
and no desquamation was seen.

10. A female, aged 6 years, was admitted with a history of
sore throat starting on the previous day. The face was
flushed but no rash was present. Apart from slight
faucial injeotion no lesion was found and desquamation
was absent.

ll. A male, aged 6 years, amd giving & history of sore
throat and vomiting, was admitted on the &nd day of
illness. No rash was present but the face was flushed.
The tonsils were greatly enlarged. Fever lasted for
5 days, the tongue did not peel and no desquamation
ogourred.

Patient 4 was detained for 50 days owing to rhinitis and

excoriation of the nositrils but in the other ten patients
the average s&ay in hospital was 22.3 days. No return ocases

oagurred.

(68).



APPENDI X II.

This contains notes on four patients in whom the

diagnosis of Diphtheris was changed to Tonsillitis and in

wWhom &n alteration from positive to negative in the result

of the Dick test was noted during the course of the illness.

1.

2.

4.

A male, aged 1 year, was admitted on the 2nd dey of
illness. 4 small patch of exudate was present on
one tonsil. Cultures failed to reveal diphtheris
bacilli. He was nursed in a Diphtheria ward. At
no time was any evidence of Scarlet Fever found

and no Scarlet Fever ocourred in the ward.

A male, aged & years, was admitted on the 3rd day
of disease. Septic exudate was present on the
tonsils, but all oultures were negative. Fever
persisted for 2 days. He was nursed in a
Diphtheria ward for two degys and then transferred
to the bed-isolation ward. No evidence of
Scarlet Fever was seen and no cases arose in the
ward.

A male, aged 1 year, was admitted on the 1lst day of
illness. The tonsils were swollen and inflamed and
a patohy exudate was present. All ocultures were
negative. The temperature was raised for three
days. He was mursed in the bed~isolation ward and
no signs of Scarlet Fever were seen.

A female, aged & yesrs, and giving & history of
vomiting and sore throat, was admitted on the 3rd
day of illness. 3Jeptic exudate was present on

the tonsils which were acutely inflamed. No oculture
showed diphtheria bacilli. Fever was present for
two dgys. She was berrier nursed in a diphtheris
ward and no evidence of Scarlet Fever was seen.

(69).




APPEXNDIX III.

Age and sex of 4,422 Soarlet Fever patlents.

Age Kumber| Number
in of of TOTAL.
years. Males ‘| Females.
0~1 6 6 12
1-2 25 30 55
2 -3 107 98 205
3 -4 172 177 349
4 -5 197 192 389
5-6 | 289 | era 511
6-7 | a5 247 503
7 -8 178 229 407
8 -9 133 168 301
9-10 ' 115 | 127 242
10 ~15 379 | a18 797
15 -20 147 165 @z
20 -30 | 105 | 121 236
30 -40 26 46 } 72
40 -50 11 16 2y
over 50 2 2 4
TOTAL 2098 | 2324 4422

(70)




APPENDIX 1IV.

Age and sex of 291 Scarlet Fever patients to whom 10 c.o.
antiscarlatinal serum were given on admission.

 Age Number | Number
in : of of TOTAL.
years. Males. Females.

0 -1 - - -
1l -2 1l - 1
2 -3 8 5 13
3 - 4 6 7 13
4 -5 12 11 23
§ - 6 12 15 av
6 = 7 10 13 &3
7 -.8 14 19 33
8 -9 9 11 20
9 - 10 8 11 19
10 - 15 28 40 68
15 - 20 10 15 256
20 - 30 8 11 19
30 ~ 40 1 5 6
40 - 50 - 1 1
ovexr 50 - - =
TOTAL 127 164 291

(71).




APPENDIX V.

4dge and sex of 122 patients in whom the diagnosis of
Soarlet Fever remained doubtful.

Age —Rumber | Number

in of of TOTAL.

years. Meles. Females.

0 -1 1 - 1
1-2 1 6 7
2 -3 8 6 14
3 -4 4 6 10
4 -5 6 9 15
5 -6 4 11 15
A’e -7 4 13
7 -8 7 4 11
8 - 9 5 - 5
9 - 10 4 1 5
10 ~ 15 8 10 18
15 - 20 g | 4 6
20 - 30 1 - 1
30 - 40 .| ~ -
40 - 60 - 1 1
Over 50 - - -
TOTAT 55 67 122 b

|

(7&8).




APPENDIX VI.

Age and sex of 292 patients in whom the diasgnosis of
Scarlet Fever was not oconfirmed.

Age %her “Numb er

in of of TOTAL.

Jears. Males. Females.

0 -1 7 6 13
1-2 18 11 23
g =3 13 11l 24
o - 4 10 10 20
4 - 5 9 12 2l
5 -~ 6 14 16 30
6 -7 12 14 26
7 -8 8 10 18
8 -9 a 13 15
9 - 10 7 9 16
10 - 16 &2 24 46
15 - 20 10 12 22
20 - 30 5 8 13
30 - 40 1 4 5
40 - 50 - - -
Qver 50 - - -
TODAL 138 160 292

(73).




