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A STUDY OF THE AGGLUTININS IN HUMAN SERA

FOR HEMOLYTIC STRIEPTOCOCCI FROM SCARLET FRVER.

INTRODUGTIOR AND REVIEY OF LITERATURE,

\ in a@scaiatzan ef hemclytic streptococcz and

scarlet fever has leng been noted. Recently, Dick

and Dick, (1) tunnietirs, (2)(3)(4) pys g (5)06) gorgon, (7)
;Docﬁez;(a} and‘oﬁheis seem finally to have established

a hemolytlc strEQtococaus as the etlcloglcal factor
- of the dzseaae. ‘ l B |

| In the course of these studles many immunological
exyeriments have been performed Agglutination |
reasctions haﬂe been widely studied with varying degrees
of success, ﬁarmorekig)(lagﬁ) was the first to produce
an antistreptococcal serum but i£ exhibited only feeble
and 1rrepular agglutinaﬁlng properties. - " Moser and
von ?1rquet(1031902) first noted that streptococei from
scarlet fever were different from those found in other
- diseages, These workers produced an immune agglutine
ating serum in horses which séeméd specific for the
streptococeci in dilutions of 1-1000 and 1-64,000, Later
(1903) they seemed to be unable to confirm these results, (1)

Keyer(lz)(lgoz)”was unable to differentiate the streptococei

from scarlet fever from thdse of pyogenic infections



. by immune sera. Rossivald and Schick{13)(1905) con-
firmed inigenefal the;specifieity of the agglutination

| réaction.( ~ However, Salge(14)(1962),~8alge and Hasenw-
knopf(}'s)(lgcﬁ), Araasan(lﬁ)(lgoﬁ) and Neufeld(27)(1903),
the latter wlth immune rabbit serum, all failed to find
that agglutxnation reactlaﬂs wauld differentiate scarlet
fever stregtococcz fram;the streptscoccz from other sources.
Weaver(lg)(Lgeé) foun& that of tne streptoeocex cultivated
'from‘scarlet4£ever cases some were agglutinated by almost
all'scérlgtinal serum in dii&tions,varyingvfrom 1-160

to 1-4000.  Serum from éases of lcbar pneumonia and
erysipelas also agglutinated his scarlatinal streptococci
so he caﬁclﬁ&edgtkaﬁ the agglutiﬁétion test was not

| specific an% therefore valueless as a means of diagnosis,
?vxdence was thus piling up on two aspects of the problem
of the speclflclty of hemolytic streptococci in scarlet
fever.  In 1905 Jochmannilg) welghed both sides of

the questlan and after thls it was raﬂher taken for
'granted that the relazlnn of hemolyt;a streptococei to
scarlet fever was only a secondary one. Reudiger 8

| Work(zo)(lQOﬁ) was the last for about a decade. He

did ageglutination tests between the streptococeci from
throat culturés of scarlet fever’cases and.immune‘sheep
gera but found thai hemolytic streptococci from erysipelas

and tonsilitis were.agglutinated in almost as high



dilutions as,the scérlet fever strains.

| | Attempts to different;ate groups of hemolytiec |
étreptococcl by the csmnlemant fixatian reaction(gl)(zz)
kand very recently by @reclpitin taats{a%) were all une
successful, | ’

In 1919 the invalaabla wnrk cf Dochez. Avery,»

and Laneefeldizé) in &evelaulng a method of ths differ-
’entiaﬁzen of the various h@olog&cal types of hemolytic
streptacocci by the ag;lutznatloﬂ reaetlon (verifylng
thls by protection experzments) nge the impetus for
new experimentatlon.‘n H&milton and Kavens(25) (1919)
canfirmed the existence of serlologleal grauns of Strep-
tococcus pyogenes, usxnﬁ 110 strains gathered during
the influenza epldemic.  ‘  Kakayama(25){1919), though
he found ccnslderable simziarzty in results of cross
‘agwlutinauion tests with sﬁreptoceccl from scarlet fever,
could not secure decisive results in- absorptlon tests,
Havsns(g'”(lgw) found 93% of his 293 strains of hemolytic
atreptocecci were d;fferentlated_xntc three groups,
Gmrdan‘7}(19él) continuing ea$lief sigdies, algso divided
hgmolytic streptoeocéibinto'three grdﬁps by absorption
tests. One group he called Streptococcus scarlauinae.
Tunnlclsz(z){é)(4) in very detailed Btu&zes (1920-22)
proved the gpecific nature of the hemolytic streptococcﬁs .

in relatzon to scarlet fever by cross agglutlnation

tests and successful abaorption tests. Dochez and



Bliss(8)(1920) confirmed thissgecifici‘ﬁy‘ vy agglutination
and cross agglmtihatian tests of sﬁrégtéeacci‘isolated

- from throats of scarlet fe#érigatiants and streptococei
from‘nonéscarlatiﬁal'oﬁigiﬁ‘- : j‘VBZ(.‘:S.és(s)(3.“.1320) found -

- 80% of the scarlet fe?er strains were agglutinated by
ylmmune sera and n@ne ny antisera made fram antlgens

of nonnscarlatlnal crigln. ' The same author in detailed
studzeﬁ of the varzaus anﬁlwenze relatlone of streptococcl
1sclated from scarlet f@ver caseu confirmed the results
noted abovm by agglutlﬂation anﬁ aosorptlcn tests with

ten diffarent immune sera.(s) ﬁe found, in addition,
that serum from patlents convalescent from scarlet fever
agglutlnated weakly or not at all the hamologous‘strains
of‘hemalytie streg;acaeei,,@epénﬁing upcn~the.£ime during
‘convalescenceuat:whieﬁ,the'serumvwasvtaken;j Uging
Bliss's technique, Stevens and Eochez(gs)(igéa) tested
for the speeifieityJeffthe"agglutination-reaction, finding
that 74% of the,strains\isqlatea from acute cases of
scarlet fever and 55% of the strains from convalescents
were agglutinated by anti-scarlet fever streplococcus
serum. Some of’the/strains used by these authors were
of Buropean origin.  They also perfarméd careful dbsorp-
tion tests with specific absorption with aﬁﬁigenic and
homologous strains.{zg) "~ Later, (1924) they studied

the agglutination'reacﬁians of strains isolated at various



permads of canvalescence.(sg) Herrgld‘aﬁd Tunnicliff(al)
(1924}, by concentrating human serum with ammonlum ‘sul~
- phaﬁe fcuna serum frcm convalescents, particularly after
| the 18 h day, a&gluﬁln&teﬂ scarlet fever streptouocci
but ﬁet sﬁreptocoec; from other seurces.:‘~

‘ It was thou&ht that it would be 1nteresting to
investigate the presencs cf agglutznlns for scarlet fever
streptococcz in +he sera fram an average group of healthy
indzviduals.-‘ - It is with thls obgeet in view that the

expeviments descrlbed below were performed , The following’

",pclnts hame been taken 1nta conszderat:on, tentatively

‘ acceptxﬁg the etlelogiaal role of the hemolytlc strep~
‘tococcas ;n 3earlet fever as & vorklng hypotheg1s.
| | lg,AThe wreaence or absencc of speciflc agglutinins
for scailgt fever straptoeoccl in humanAserum.
| 2. Akccmylete hiStory of the individualitésted,
"-inc;ﬁdiﬁg scarlet\fsver (detaiied); oiher acute infecti¢us
v diséases;;t0nsilifis-(detailgd),ganddhypersensitiveneSS.

‘ |  5} The presence of agglutinins in the sera
 of'individdéis‘who havé not had scailétufever. These
.are to be called hypothetical normal éggiutinins, keeping
'in mind that with the wide spfead'occurrence of all H
streptococcus infeétions, normal agglutinins would be
difficult to differentiate. | |
- 4, The degree of. agglutinaticn found in tests

with sera from individuals whc have had.scarlet fever



 and 3erayfrcm in&avi&uals who have not ha& acarlet fever.
- 5. The dilutign in which.maximum abglatlnation
is fbun&._ , | L |
S s:~ A nistory of tonsilitis and the presence of
agglutinlns. o L
9. a histary of scarlet feverrin parents before
the bzrth cf the individuals tested compared with the
presence cr absbnca of agglutxnlns in the serum of uhG
Lndivlﬁual | < |
“8. $pecifzciﬁy of aggluﬁlnlns 1ound as eviuenced
: bg the abllity of all sera tested to agglutlnate strep-

tecacci frﬂm,nan»scarlatlnal orlvin.

ﬁETHOB
Same difflchlty haa been exPerzcnced by all

warkers.in getting. the streptococei to grow in such a

manner-as~te»give¢a“unifcrm sugpension. sultable to use

in agglutination tests., = The nhwsphate broth of Bachez,r

Avery, and Lancefeld(24) and used recently by Bliae

and by stevens and Bochez, was fcund to give 1naufficient
growth in eighteen to twenty hours. N Varlations of
this broth were now made. Flaallj aembiﬁing.the
suggestion af‘the use of éalgium.Carﬁonate as the buffer
as ad%ptedfby Reudiger‘zg) from‘Hiss,(szibthé use of

little or no NaCl by Dochez, Avery, and Lancefeld,(24)



(6))

and the use of nat over 0.2% sugar coneentration (Bliss
the»follaging_brath was adopted for use in‘all'oL the ‘
éxaerimeﬁtél QOik donefia7méat infusion broth containing
31% peptone, O. 1f dextrose, no ﬁéﬂl and adausted to a
pﬁkof 7.6 bgfore the last.sgeriliaatznn. Streptococci
were~grawﬁ iﬁ:large 50iec}‘hérd glésa tubes,xeaqn containe
ing abaut 30 ec. of the above brath. R In\order'ihat
ealcium aarbcﬁate partiales would not be present to
cgnfuae e:{ninﬁe* the agglatlnatisn reactlan Lhe use - of
C. ?. §éw§ere& balcium carbanate was disgantinued\aﬂdk
théroughly\éaahed‘piece& of crystalline rock calcium
ca?bonate were used znsﬁead ‘ Theae were merely dropped
into each tube befere tne final sterlllzatlcn. By
e heavy iﬂoculum (cne cubxc:cgntxmeter of a good broth‘
culture in ohelbf the ayéveftubes) a very heavy suspension
of the streptncccci;wés éééﬁfea_in én}}aozo‘hour old
éulture.lu.f‘ﬁrowth.was alwayélat'3790. . Transféré '
weré;usually;maﬁe\daily;;innqculating’new tubes from
the old before the latier were killed.  Purify of
culﬁureg was routinely ﬁeStad»by allowing the'léét drop
Irom the pipétte‘with which & new tube had been inoculated
%0 run on a blésd'ar serum sgar alont. The o?ganisma
grew nicely on meat infuéion,'B% serum agar‘slants.\ The
addition of tomato juice to broth or agar seemed to

facilitate grawth (53)



For agglutlnatlan tests Whale brcth cultures .
vexnased fcr one hour at 55 6 were uged, » ?olyvalen
antlgens were.nreoared by mix;ng gqualﬂvclumes‘of the

killed brath culturas.u

1néiv1duala ta be %egted were bled from finger
'p&ncﬁures, the biaod bein& drawn up into a canillary
pinette and put 1mmediately into a small dry fermenbaoion
tube.vx”’ Five ta seven tenuhﬁ af a cubic centlmeter
of hloed was readlly seeured in thzs way. By running
o a platinum wire araund the edge of ﬁhe tube after clotting
and &llawxng the tunes to. stand R0-24 hcurs, ‘clear serum
ceuld easlly be drawn eff ?hls praveé such a Slﬂple
and efﬁecﬁive methad of securiﬁg serum 1t might prove
of nractical value in the rautlne running of widal tests,
etc. | \

N Dllutions of the sera werec made in pleln extxact
broth, pﬁ~7.4., Five tenths cublc centlmeter of srum
dilutioﬁ ‘and five tenths cubicvcentimeter of bacterial
Buspe551on were sut in small round bottomed hemolytic

tubes (10 0 em. x 0.8 cm. ) and incubated at 55°C for

one hour. f Readings were taken immedlately and at the
end of 24 hours in the icebox. Hegatlve controls were
run with every eight tubes set up. ,Pcsitive controls

were not run with all the agglutlnation tests as the
titre of the rabbits being immunlzed was not up. However,

in every set of tests run, one serum which would cause



: wglutinatzon of the arganisms was always used. Agglu-

tlnating titre of 1&3000 fa 'scarlet fovar streptococci

 was bullt ﬁp in yauﬁv rabblta by sucpessive 1ntravenoas

ingectians af kzlled whaSe cultures and later 1ngectzons
of heavy auspensians, secured by centrifugaliz*ng the |

‘ whole nultures.

RESULTS

Agzlutination of Btreptococci from Sgarlet Fever by

 Human Sera.

R 3gg1utinaﬁien testsf@era r#éibn 188ieoilege‘
stuéenﬁs.asingfthéitechﬁiqﬁeijuat’déécﬁiﬁed.‘v:',AApolyoi
valent antigen_of two strains of hemolytic streptdcocci
“was used, (#404 ond #405) cultures of which had been
kindly«guppxig@ b§,br; F, 7, Mu;SQw}bf.ﬁhe University
of Iowa;v‘ Both cult?resﬂgave»positive;Biék tests ih
suSCeyﬁible indiviﬁuals; | ‘ﬁlmost\no trouble wasjexper-y
ienced with sygﬂtangoas'3gg1utiﬁaticn of these strains.
This is interesting‘ﬁhen compared with the recurrent |
elumping of the hemolytic strains ofvnan-scariatinal
'qrigin,notéd later. | Eightfaggiatimation tests‘were4
run agzinst only one of the’écarlet,fever strains because
of accidental contamination of tﬁe other,

In comparing readings made upon immediately
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removing the tubea from the water bauh and those made
at the end of 24 hours in the icehcf there were 27 cases
of shaw1n§ a‘general incre se in,the degree of agglutination
 and 20 showzng a decrease. The decreasa is not as
marked-ganerally. " In only two cases was there(a:
cdmbleté abéencelef éggiuminationﬂin the tubes‘whiph,
on tne fifg@'réadiﬂg, had shown éeﬁé aggluéinaﬁion, In
éiéhﬁ é%sés, vhich were negaﬁive<uﬁ the firSt r@ading,
'posiﬁiV9 agglutlﬂation was visible as the ena af 24 nours.
The abhay cases clted were alight ahanges in the dmount
of agglutlnation; .$%tn tne‘exceptlon-cf this slight
increase in the degree of ggglutiﬁation‘in readings
taken after 24 hquxs the negative readings were always
given pﬁéee&ent. Unless definite’clumping'cduld be
abserved; the tube was read as negative and all records
made as d?ubtful.positivésvhave been transcribved as
‘negatives. = It might be stated that Norton.(gg)exper-
imenting]with.thentechniquewofaStreptococci agglutination,
found no changes in‘reaginga from one end one~half hour#
af ter ihcubation to over night.

The following is a summafy of the results of
the agglutinaticﬁ tests.  Of the entire group 28.6%
of'the sera.agglutinated‘scariet Tever streptococeci with |

71.4% showing no signs of agglutination.’ In relation



to ﬁhe‘history of the\diseése, Table I is given.

TABLE I

11

Personal History of Scarlet Fever in the
Individual Compared with the Results of -

the Agglutination Test,

Agglutination With History of No History of
B ‘Scarlgt Fever scarlet Fever
Positive |  55.3% | ensE
Negative 66.7% | 72.8%

Study of the Positive Agglutination Tests.

Further study of the individuals whose serum
agglutinated the scarlet fever streptococel is most
interesting. .= Full data on these cases is reocrded

in Tables II and III,
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At first glance the gercentage of peaitzve agglut-
ination tests coming from indlviduals of ae hzstmry
of scarlet fever, 27. 2% seems very hlghvwhen nompaxed
to that fromblgdiviauais with a pcsitive scarlet fever
hiatory, 33.3%. . The former would be the percentage
of lndlvi&uals having hypsthetical normal agglutinlna.

- In the 1iterature we finé almest~na reeord of normal
,agglutinins to atremtccccoi, ﬁhoagh nﬂrmal agglutznlns
to ather forms have 1nng beea ﬁhserved For thla
reaaun a cloaer atudy Was ma&e nf tbzs graup.

Kine individuals or 25% had come in close and
dlreet contact with the ﬁl:eaﬁe, ﬁhrough quarantxne with
other members Of the family having %he élsease, two contacts
in army haspiz&ls. and one 1n repeatea cont acts in Pro=-
fessional nn:sing. ‘ In)three cases had one of the
parents had scarlet fevérfinfihfancy. ~ Thus, counting
~'qx;ly thdsewpeogle\Who'seemgtchéve ha& no- connection with
scarlet fever oaly’lafg%rare found pb:have hypothetical
normal aggiutinins instead of 27,2%. Undoﬁbtedly”
others ha#e come in gsome contact with the disease so that
making any diffgreuce in the iﬂterﬁrétation of'results.
because of this may not séém warranted. |

‘The relation.of &gglutinating titres-tc~historieef
was next considered. = A closé_study of the slightl§
positive reactions was made. The percentgge of agglut~A

inétion tests from positive and negative histories are
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raaaleulatad on the ‘basis of these stu&ies.“ A s$mmary

is given in the follc%ing table.:, -

"TABLE IV

Percenhage of zndiulﬁuals with Positive and ﬁegative
‘Bcarlet ¥ever Histories Having Various
3egrees of Agglutinatica. : ,

Lo AAQQLﬁTI%ﬁﬁlﬁﬁ TESTS

HISTORY A ++-+++q~rfﬁwfﬁ+w WS
8 . Reaﬂumana +4~FPQeact1ana Reasctions|Reactions

P@rﬁanal Scarlet - | ‘ RN }

Fever History | 33.3% | ,,‘22.az‘ | 17.8% | 11.2%

No Personal $earlct R PSR PR |
- Fever History |- 27.2%- | - 18.28 |  8.2% 2.0%

| Be Fersonal scarlet

Fever History mor | 18.9% | . 11.8% | = 4.3% 0.0%
History of Contaet | -+ | : : . o '

' ﬁormal ag&luﬁiniés té'searlét fever streptococei
were first 1ndiaataé by Ebger aﬁﬁ von ?1rqueﬁ(lo) who
found that normal serum but rarely agglutxnated the
streptocecci they isolated.from scarlet :E‘czzm:-s:c.f«~ They
found three cagses out of 28 testa& that did agglutinate
“their: Qrganlsms.- , Gcnvalescent serum was found by
Bli 9(6) to: a%glutxnate apeciflc streptccoaci if taken :
after the 18th day. g Ee cauld not secure any agglute
inatien by'$erum callected in 4 to 6 daya of eenvales-
cence. Herrcld and ?unnicliff,(gl) by coneentrating
the sera, secured more positive results, for 25% of

the sera they collected before the llth day and 92% of



the‘sera‘thﬂv collected after the‘18th;&aynagglutinated-
; Bcarlat xever streptocecel put not streptaacccl from

other sources. ﬁncaneentrateﬁ serum in a 1-10 dllutlon
and geyum from a dzphtheria patzent failead to agglutinate"
the scarlet fever strains. .~ Fo other work seems to have
been done on human sgglutinins to scerlet fever strep-
‘tococei. e |

ﬁermal agglu&inlns to other streptoeoccl have
‘been noted in a few instances. Roseﬁﬂw and Gray.(3b)
studying the‘yieomorphieratreptogaecz from epidemic
rpolioﬁyelitis, fouad somé~ncrmal individuals:with‘agglut-'
iniﬁs for thésé organisms. 30wever;all their normai
| ‘indlviduals had been in a region where pallomyelitis

}had been in an epxdemla form darxng the time the study

ves made,‘ste deflnltelywadmittlng a close contact with

the diaease; ‘Their use, even though carefully controlled,

ofwthe str eptacssaua anﬁifens stered in. the - 1cebox for

manths seems questlon&ble. 'The results of 137 agglute
invtlon tests yerfermed with 27 sntigens and serums from
41 indxviduals are summarzzed in the table below, copied

in part from their Work. The ccmnarisan with immune

‘human sera.fron convalescents 1s to be nated

16
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' Total incidence of upyerfziﬁit'af Agglutination

of Paliamyelitis 3trains by nazmal and immne human sera.

o ' Serum
‘ nilution‘ - Hormal Percentage - Immune ?ercentage
131 _  RTINS U IR .“f'> ”12 |
I £ o AN ‘ 21 o 29
1:100 K Jffﬁ‘lz Ll 23 :

Agglutinatzen by immune gerum esﬁtinues up to 1: 1 000, JOO.
o Bherwoedﬁand ﬁawns,zéﬁ},stuéylng pleomgrph&e atreptocccci,,
fnuﬁd'ghazisgveufaﬁt éf'thirteea3§arsbns'had normal
‘ aggluti#iné i5 variaus'sﬁfains’af Stfegtococcus séliv0rious,
and fcmr persons out of seven to one strain of- Streotococcus ‘
mztus, : Kehlmer,rfrzst, aﬁ& Yagle{“7) in their study
' aﬁ the syaexfze bacterial aﬁtibedies present in the blood
"serum of influenza natxents fouﬂd that ﬁeither these nor
their nine healtﬂy contrcl individuals had any auglutu i
inating bodies.‘l‘f\~ SRR

Thus, .in vzaw of the few 1nstances in whlch
narmal agglutining have been noted for streptococci of
any kind, tue fxndlngs in this paper would seem to be
- of interest. ; Referrin§ttg Table 1V, it will be seen
that at least 2% of the individuals who had no peréonal
history of:searie£~fever were found to ha#éVdefinité
ag: lutinatzng bodies in their blood.  The more marked
difference between individuals who had had the disesse
\ énd thesé who hed not, when énly the‘th;ee and four plus

resdings are considered, is significant.
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Dilution in Vhich the fireatest Degree of Agglutination

o vt

- The fallmvihé table shows a~ccmpari§on‘of the
maximum agglutlnating in a viven titration to the allution
in whidh it eccurs, exnresaed in the percentage of gll

~

“the aases in,whzch positive aggluzlnatxgn was found.

TABLE ¥

Gcmyarlsen of Degree of Aggluulnatzon
and Dilution in Which It OQccurred.
Dilution ©© Result of Agglutination.
— S , Al
: : B + -+ 4 | 4+ actiong
1- 20 6% 4% 0% 0% 0% |
1. 40 - 14% &% 6% 2% 30%

1- 80 ,12%7 8% 18% 4% 429
1-160 4% 14% 0% Q% 18%

- There is;‘of course, & gieat variatian in the
tests, for the meximum egglutination in a given titrétion
‘occurs in any one of the four dilutions. ~ The 1-80
‘.}dilutica shswéd régulérly.the greatest degreé of agglut-

ination. In 82% of\all,the éases‘agglutihaiibn was
lost by the‘timelfhe'final concentration of the serum
ﬁqsvl~160.i The usual diagnostic value of %ﬁe 1~4é
dilution is in%erésﬁing to recall here. Few worke}s
have démonstrated thé aggiutinins they have found for

(18)

streptocdcei in high dilutions. Weaver stated

that scarlatinal serum agglutinated the organisms he
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iaalated from scarlet fever cases in a &ilution of 1-4000.
His work was done before any ﬁifierentiation of streptecoeci,
ras made and sa;hxs crgan:sms may not all he hemolytlc
streptaaacci. % Kﬁ agglntinatinn was demonetraued hy .

"_ Herrcld and Tunniclsz{3l} by &ﬁce%centrated saarlet

fever sernm of lalﬁ dilmtzen nar by eaucenhrated scarlet

 fever serum in dnumcns hiwh&r ‘bhan 1-20 and 1«40

Blisa‘ﬁj feund scarl&ﬁ fever serum agvlntlnating specific
streptacacei 1v éilutlens ef l~32 and ln&é. ‘ Tumnlclsz(ss)
‘demonatrated a%glutinins far ﬁhe dzrlccoeai she preaup~ '
'pases to be the causal Qrganlsm of measles in dilutions o
of l«& in serum from convalescents ‘taken eiﬁht days after
'tne erup%isn. o Rasengw and Cray,g?b} working wlth |
’stregtocoeci from epidemiﬁ paliomyelztls and Sheruood

(36) thh their sleemsrﬁhlc streptccoecl (S

 and Dawna
'sallvarius and s. mitus) found trua normal agglutinlns

in &ilution as hlgh as 1-166.

Gompar;sonvﬁased‘;gpn the Rumber af Years slnce the

Individual Had Scarlet Fever.

} It was thcugat purtzcuiarily iﬁview of the time
ielement found in &enonstraﬁing age lutlnina in the serum
from convaleaeents {as poznted out by'Bliss(G) and by

ﬁerrold and Tunnicliff(al)) that it would be interesting

to compare the number of years sinee the indzviduals



had had écarlet-fever w;th the presence of agglutinating

antivodies in his blood.

‘The following is a tabulation

of the results from 41 individuals.

TABLE

vi

?ereentage of Positive and Eemative Agglutiﬂatmon Conmpared
- %o the ¥umber of Years ‘since the Xndividual

Gave Negative
Agplutination

ind Scar e
um /a Fears s Lid wdaal Hod Scﬂt@fF(/el’
I~ 5| 5-10]10~15| 15-20] 20~25] 256-30 |Average
of all | N D R S ' f
Individuals ' | 12.1%|34.0%|27.3%| 7.2%|17.0%| 2.4%| 12
Individuals , . \
- ¥hose Serum . R ’ c : :
Geve Positive| 14.3%|42.94|28.6%| 7.1%| 7.1%| 0%Z| 10.8
Agpglutination| ‘ S : ‘
Individuals - ; ] N :
Those Serum | 11.1%|29.6%(26.0%| 7.4% 22.2% 3.7%| 13.3

It will be seen that the magorzty of people

in/@his group had the. dlsease from.flve to ten years.

agb.‘ It is this group af indzvmduals whlch haa the

greatest percentage of agglutinins.

The very marked

decline of the presence of antibodies after the 15th year

s

following the discase is to be noted.

Herrold and

Tunnicliff(SI) found that the serum from one individual

‘who had had scarlet féver two ¥ ars previocusly did not

agglutinate scarlet fever streptococei.

This seems

to be the‘only'reference to esuch work in the literature.
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'ﬁ Relation of” the Influence of Heredity to Antlbadx Content

: Thp possibillty of tranqmitt#d imrunlty nas long
heen dlscussed ~ Fewly born infants are supposed to
be pas@ively immune to acquet fever for flve or 51x
‘months;‘ | zzngher <39} hasing’hiS‘ccnclusions on results
of Dick Sklﬁ tests and & . study of the, ant1t0x1c conuent
of bleod from the umbllleal card of the nlacenta, demonuy;
strated some 9951t1ve Qlaeenﬁal tran%mlssion {gterine)
of antitoxin anﬁ fouﬂd 1nfanta sommxhatuimmune up to
ane yearvqf age. / The gresence or absence of agglutinins
correlated Wiﬁh‘the histgraeﬁ uf scarlet fever in the
parents shou1d yrové intéﬁesting invthisvwoer Hawevef.
only four cases ﬁére found in which the parents were
known to have had the diﬁease before the birth of the
indlvidual tested. -  Three of these.cases_(ﬁumbers
42, 69, and 139)‘haé'aggldtinina.in,their‘blood.\ In
tow of these had the mcthérs.had écarlet fever aﬁd in the
other the father. Case 187 had no agglutinlpu.. The
father had had the aisease in infaney.  No conclusions

could be warrented from so small a group.

The Rekktion of 2 History of Tonsilitis to the Presence

of Agglutining ln HBuman Serum.

Seventeen out of thirty-nine individuals of
a negative scarlet fever history but whose blood was

fournd to have some agglutinins for scerlet fever sirep-
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tococei reported tonsilectomies, indicating that they

had bad tonsils. ~"ﬁast-of,these ga?e -] previags history:
of tcnsilitis. One gave a record of severe recurrent
atuackq pf tonsilitis. ~ This makes a total of 50%.

,In addltion four gave nisterles of one severe attack
of sore thraat vith fever and head ache and in one case
gaqtro-1nue5tinal dist&rﬁances. In cognlzance of the
"obserVatlen that mild attadks of scarlet fever occur
’”without exanthema and if hemalytic streptocncci be
accem»ed as the eticla sical factor of scarlet fever it‘
is p03$ible that these four 1ﬂd1v1duals may have had
1ight_attae&S‘ofnthe diseaseé‘ ‘However, they seem
not to have been in known contact with the disease.
.The éera‘?r6m‘these indi?iduéls,shoﬁed no tendency
to agg§mtinaie hemolytic sﬁreptococéi from non-scarlatinal

origin.

,‘§§ggg‘g§ the Negative Agglutinétion TestBQ

fThe'fellawing points are of interest ﬁhen the
histories of inﬁi&iduéis-who had ne agglutinins for scarlet
- fever streyfbcocci in~their serum are studied.

Of the 1ndiv1du 2ls showing ne&ative agglutination
reaétions but who have histories of scarlet fever only

16% stated that the diséase occurred in anything but a
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1mild farm. ‘i: Tgé 84% described mildPattacks, usually‘
without any camplicaticﬂs follmvzng.‘

Qf the 1ndzv1duals who g“ve nlstories of not
naving had scarlet fever we find 15% vho have had some -

deflnlte eontact Wlth the dlseaae.-

Agg;utina£;33 g§ Stréptacocéi framlﬁbn~53arlétinal Origin
- | by Haman Serwm. o

Gut of ?he 188 inaividualq tested 157 were tested'
to discaver if th91r serum ﬁ@uld agriutwnate streptococci.
fram n0n~scarlat1nal er*?in. ' Tltratlons were made
.Aat %he same time ms the one agalnst the scarlet fever
8tr8@tOCOCCl‘uﬂd with a =zimilar technique. However,
as ind;cateﬁ hefére, thesé straing sponianécusiy agglute
inated. ! Qne finally pad to be discarded completely.
Half of the tests were made with a polyvalent antigen of
hembiytic str%ptacocci~fr0m»arcase«mfhperitonitis (#401)
and & hemel&tic ”trpptacsrouq from a éase of blood
polsmning (#303) snd the other half with an zmtigen
made £ om the peritonits strain (#401) and & hemolytic
streptococcus from,a neeropsy from a case of varcinoma
éf thevlérynx and lobar nnéumonia.(¥44O}' |

Only one cf the 15? in“1v1duals tests age lutinated
the ofranlsms af nonnscaTlatlnal orlrln. This serum -

had not awglutluated seurlet fever streptococei. The



individual,showed:no history of tonsi}itis, gscarlet fever,
erysipelaé; rh%umatism, pneumonia, nephritis, appendicitis,
‘endocarditis, or diphtheria, but had had measles,‘chicken

pox, and mumps,

‘ DISCUSSION

A general cen31deratlen af the forogalng results
” wauld seen to suggest the following:
| The hemolytic streptococci now presumed to be

the etlclcglcal faatlon of scarlet fever is more wldely

prevalent than has formerly been con31dered and is posq1bly

1asgocaﬁted with many common streptococcus infections. The
presence of- sneclfic agﬂluﬁlnlns in the serum of unimwoun-
ized individuals might substantlmte this supposition.
It~is to be remembered, of course, tha; the exact nature
of these ncrmaluagglutiniﬁa,is unknown. ‘Wells,(4o) |
summarizes the statué of'our’knowledge as follows: "Whether
these 'normal? aggltitinins X x%xare the same as the égents
which produce the reaction in much.mdre highly diluted
immune sera, is not knoén} Possibly they represent
non-gpecific antibodies that arige by natural immuhization
to bacteria and other foreiwn proteins that enter the

body from the iﬂtestines, for they are not present early

in 11fe. - Lendsteiner and others belleve that they

are not specific and are more re51stant than,the antxbodies '

24
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‘that result frsm,im unizlng.
| ?he type af 1mmunxty resultlnr from streptococcus
infectians is still under investlgdtion. Tne immunlﬂy
has often been cen31aereﬁ ag oﬁly relatlvely transxent.
» Gay (41) in recent stndies, says it is a locpl tissue
1mmunity. Thsagh agglutlnins are most assuredly
formed in meny dlseaaes it has been doubted what part :
tnese antibodies play in yroﬂectlnw the body abalnst
,1nfectzens. e The action of antistrentococcnl serum
has seemed to be due largely to its apsanmc propertles.(ég)
yBull£4§) has foua&_that‘agglutininé aid in phagocytosis.
Work of the Dicks indicates that a toxin produced by
‘the séarlet’fever streptoeocci is responsible for the
manlfestaticns of the dlsease and th&t antitoxzn ca pdble
of neutralizing the taxicfeffects of the toxin is produced

(44) ana in the course of the

by artlfzcal immunization
diaease (a5) A‘skln susceptzblllty test analogeus

 to the Shick teat fsr dinﬁtaeria has been devised by them.:
It seems ﬁhat it would be 1ntere%t1ng to subject the
indlviduals tested in our seriew of experiments to such
skin tests anﬁ@aom@are the resulis ontained. Such =
study of the réiative accﬁrrence bf:antitoxins ané‘agglut~
inins in a givehrsubject might throw some light on the
question of 2 unitarian view of antibodies. Such -studies

have been performed and the results will be given in a



paper by Sherwood and Baumgartner. The presence-of
Bp&lelc apglutxnlne in fairly high coneentrations as
obaerved in these reaearches 1ndicates that some strep=-
‘tococcus 1nfection hasg sccurred with a‘subsequent‘response
on the part of the bady. :i These agglutinating bodies

- may aid as suggested by Bull, 1n tne phagoeytic mecnqnlsm

and not in an antxtaxic mechanlsm.

| SUMMARY AND CONCLUSIONS

Aggiﬁtiéins £Ot étréptococci’isolated from aquté
cases of vdariet fe#ei are foundiiﬁ the blood of apparently
healthy and normal indxv1duals.

28.6% of the sera from 188 individuals agglutinated
scarle% fever-streptaamcci. 29.6% of tn& positive
agglutinating sera came from individuals vho had had
scarlét fever prgviously. , ‘

| Of the 7.4% vhose sera did not aggluﬁiﬁate the.
scarlet fever streptococeil 77.6%Vhad not had the diéease.

: 33.3% pf‘the individuals who had had searlet fover
had agglvtimatgng podies for scarlgt‘fe#er streptococci
ih‘their blood.y | | , | ‘

’Gouniing anly.the thrge and four plus agglutination
reactions 8.2% and cou?ing only the four plus reactions 2.0%

of the individuals vhose sera agglutinated the scarlet

26



27

fever streptococci had net had‘s¢ér;e£vfever. - 50%
cf this greup‘haé gyhistory'of’tensilitis‘and iohéii-'
ectomles. | | L

| awglutinins far acarlet fever stregtacocci were
 demonstrate& in three sut wf four cases 1n whlc% the
warents had had saarleﬁ fever'ﬁefore ﬁhe blrth of the
indlvxdual and the 1ndivida&l had not had the dlsemse.

‘Eaximum agglutiﬁatian ageurrea in uhe serum

dilut;an 1-80. | . R
| Agglailnatlen seemed »o be snecific since only

one . indiviaual was fauna Whose serum agglutinated strep-

tocoaci from ngn~scarlatin31 orlgin.v
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