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Recont developments in drupg therapy in referense to subasoute
cndeaar&x%is have shown thet the non-hemolytie streptocoscel wery in
thelr rasﬁéns& Yo eertain drups. These findings, therefores, seemed to
 indieate o r@invasﬁigntian of the problem to sce if there is = eorrsla-
tion between the drupg sensitivity of the different strains from path-
ogenic sources and their sultural and seroloplsal reactions.

This investipation deels first with the metabolic and bioe
chemieal reactions of the etreptososel isolated from blood sultures of
patients with subacute baoberisl endocarditis; seeond, it deals with
the serologienl relations bebween the iﬁ&iviﬂm&l straing end those that
differed in thelr resvonse to neoarsphenamine and sulfathiagole; third,
it deale with the in vitro reactioms of these streptocossi to neoers-
phenanine and %o sulfathissgole in simple bacteriologiecal media and
the relatlionship whiech these resulbs may heve to those of previous re-
sgarsh in bome merrow eulbures.

Review of the literature indicates that many attempts et olessi-
fying the m@nphamﬁlyﬁia streptoccooi from pethopenis end from suprophytim
sourees hove boen made, but that no adoquate means of differentietion of

these heteropeneous orponisms hae been found. Horder (1908) reported the
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first intensive study of the micro-orpanisms associated with subacute
endocarditis. Twenty-two of the 35 straine isclated from blood eultures
of patients corresponded to Str. salvarius and Str. feecalis in their
sultural reactions to Cordon's tests. Ye provided absolute proof of this
by taling example of Str. selvarius from a normal person's throat and
Str. fecalis from & sormal feces and producing with each, by intravenous
injectien into rabbits, the classiocal valvuler lesions of subacute endo-
carditis. Andrewes and Horder (1908) found no characteristios by whieh
the streptococei from malignent endocerditis could be differsmtiated
from Str. salvarius, whioh includes the defunet Str. anginesus specles,
ond Str. fecalis from seprophytic sources. The Str. salvarius of indrewes
and Horder (1906) has been assepted by Safford, Shermam, end Hodge (1937)
&8 wvalid.

Holman (1916) based his olassification of streptosoosi on their
respeotive reactions on blood, lactoss, manmnitol, end galiein. Gordon,
end Androwes and Horder, thourh, reported that reactions with saliein
are liable to vary with the same strain. Blake (1917) based his classi-
ficetion on the fermentation of lsotose and maunitol. His six strain of
endosarditis streptosccci all fermented lactose and sucrose, but not
mannitol. The fermentetion of salieln, reffincse, end inulin wveried with
the different stroins.

Fingelle and Swift (1917) reported on 14 strains from subscute
sndocarditis, but the number of tecte run with these strains was ineufe
fielent to pive this peper importance teday. Their work showed that there
vag no oorrelation between the fermemtation and agglutination tests. |
Hopking and Lang (1914) reported & olassifisation of pathogenic strepto-

cocol by Permemtetive reactions. Their series imeluded 14 strains from
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subasute endocarditis. These sbtrains did not show eimdlarity in their re-
ackions to tests, and thelr elassification on cultural zm&hwdg proved to
be impractieal. |

Vorsn (1938) investigated 20 strains from submoute endocarditis.
lor classificstion of these orpgenisms was based on Sherman's scheme. OF
thege 20 streins, 12 sorresponded to Str. salwverius, 3 to Str. fesalis,

2 %o Str. symogenes, and 3 differed from any other esteblished speocies
by producing an slkaline resction in milk.

Serological methods, too, have not proved useful for the elessi-
fieation of these orpanisms. Lancefield (1925) foumd that the specifie
carbohydrate sppears to be type spesifie in the Str. viridane inmstesd of
group or species specifie as in the case of the hemolytie forms. She also
found that the muscleoproteines of the nom-hemolytisc streplococel were sern-
legieally similar.

Erumvriede and Valenbtine (1916) made a study of the agglubina-
tion and eultural relationship of the streptocceci from 16 sases of sub~
soute endocarditis and from & series of straine isolated from tonsils of
healthy individuals. Their comelusions werse thot the apelutination re-
sults are in accord with the enormous multiplieity of types which can be
differentiated by the determination of fermemtative chracteristies. On
the other hend, there ¥us no correlation between interagglutinetive end
formentative resotions, even where the former were very marked., MNest of
the sbrains did not agplutinate with immune sera of other strains.

Cortain strains frem saprophytic and from pathogenie sources
havs been noted to be agplubinated by more then one serum snd yet the
homologous strains for the serums did not interarglutinate. Vo olassi-

fication seoms apparent om the basis of agglutination reactions.



Norton (1923) studying the serological relatiomships in the
viridans group from saprophytie sourees consluded that there iz no sor-
relation between eulbtural ocheracters ond biolopiesl recctions or bet-
weon sources snd sgglutinin ebsorbing powers. Clewson (1920) immmiged
five rabbites with stroine of Str. wvirddans. In n series of the non~
hemolytie a%repﬁmmnci, 89 per oent falled to agplubtingte with the a-
bove serums. 411 of these strains were from mon-pathogenic sourses.

Thug we find, in the field of the non~hemolytie sti@ptsa@mci,
meh intensive investization in an sttempt to find some form of olessi-
fication or some form of correlation as %o pathogenieity of this heterc-
geneocus group of orgsanisms.

Dsgood (1940) found thet sulfethiagele in the comeentration of
1:10,000 is inéi‘i‘ee‘k;iw apainst some strains but leeds to sterility with
otheyr strains in his bone marrow oulbures; thet necarsphenamine in the
conoenbretion of 1:15@,ﬂ0ﬁ is effeotive apaingt many strains and is less
offeotive than sulfathiegole agelhist some strains. fe alse foumd that
elinieally patients with subsoute endccarditis, whese infeetive organ-
isms responded to n@e&rsphnnﬂmino in bone merrow eulbures, chowed simi-
laryesponse o the drug therepy. OQspood has used tests in the bone mar-
row culture media suecessfully for predisting the in vive susesptibility
of strains of gireptoscccl to necarsphenamine and sulfathiasﬁia. The
strains differentiated into three growp, socording %o thelr sensitive-

negs te thege drugs.
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CLINICAL AND BACTERIOLOGICAL DATA OW THE STRAINS STUDIED

The fifteen strains of non~hemolytie streptosecel were obtaln-
ed Prom blood cultures of patienmts with subsoube basterial endooarditis.
Ais far és could be dotermined, the organisme were isolated before the
patients were started on n@earsphﬁnamiﬁe and sulfathiasole therapy. In
two instences, the original strains were lest end subseguent culbures
were isolated from the blood after the patients hed been on the drug
therapy for some btlume. These latber sireins are referred to in this in-
vestigation as Kimberly and Bland. The origimal X %barly strain wes neo-
arsphenamine sensitive but sulfathiazole resistant, while the firet Bland
gtrain wag sensitive to both‘ef the drugs in bone marrow cultures. The
two strains of the second isolations were found to be ne longer sensitive
to necarsphensrine.

Soon afber Pland and Kimberly came to ocur ettortion and thelr
infoctive organisms wers found Yo be sensitive to neosrsphenanine, there
apy with this drug wes begun. The patients showed a very favorable res-
ponse to this traatment until, due te inadequate dosages, an allergic re-
setion to the drup developed ond the drug had to be discontinved with ea-
oh. Both the yatiﬁnta were then given sulfathiagele, bub it wes not tole
erated very well, The orpenisms isoleted during this period ne longer
showed semsitivity to neocarsphenamine in bome merrow eultures, although
neither of the strains varied in their resctions to sulfethicsole. Ag we
did not believe that the physiolegicel charsoteristies of these two stra-

ing would necessarily be altered, they were tested and sompared on the

basis of their originsl resotions in bome marrow culbtures.



Teble 1 summarizes the prolimisary date on all the strains. In
e muber of ceses, the effect of the drug therapy waes not kmown beoause
these drugs hed not been tried. The initial incoulation of the bone mar-
row eulbtures was bebtween 50 and 400 organisms per oe. larper incoulations,
of approximately 1000 per go., in thé experiments with the Willls and
#illiemg straine in the presense of neoarsphénmanine did not show any 1i-
mitation of rrowth by the drug that the smeller initial mumbers revealed
in 24 hours. It mist be memtioned that Hillis wes 2 straln isolated from
e ocase of allergy and net from subasube endooarditis. As its resotions in
the bone marrow cultures compared with those streptococci from the more
pathoreniec sourees, 1% seemesd desireable to determine if this strain
ecould be differentiated from the otherz om the basis of ite pﬁy&iﬂlegiw

sal or merclogical characteristies.



CLINICAL AYD BACTERIOLOCICAL DATA OW THE STRAINE STUDIED

Sulfathiagole -

Straiu Respnnse of Organiss Drug Suseeptibility
Pablent to Isclated. ef Organism in Bome
Prug Therapy. Farrow Cultures.
Fitgmaurice  leoarsphenamine # Str. salvarius Neecarsphenamine s
~ Sulfethiszole -~ sulfathiasole =
Tirberly Hecarsphenanine # {strain lost)* Tieoaysphenanine f
Sulfathiagole = Sulfathiazole ~
» Yecarsphenamine - Str. fesaliss* lecarsphensming -
fuifethisgele =
Blend Weoarsphonmaine ¥  (Strein lost)*  Neoarsphemamine f£
fulfathiagole = Sulfethiagole ¢
" Weoersphenaming = Str. salvarius** Neoarsphensmine pe
Sulfathisgole ~ Sulfathiagole
Peterson Neoarsphenmmine ? Str. salvariue Weoarsphensmine fe
- Sulfathiagole % Sulfathiazole
Wilcen Neosrsphenamine T  Str. salvarius Heoarsphensmine fe
Sulfathiazole - Sulfathiagole
Plorce Hecarsphenamine ? &tr. salvarius Necarsphensmine #
Sulfathiascle 7 Sulfathiazole ¥
Millds Str. selvarius leoarsphenamine ¥
sulfathiagele #
Willioms Neoarsphenamine ¢ - Str. salverius Neoarsphenamine fye
Sulfathiszole ? Sulfathiazole
Lothehild Heoarsphenarine -» Sir. selvariws Ieoarsphenamine -

Sulfathiagole

® The straia wee isolated before drug therapy but ves lost
after initlal studies in the bome marrow cultures.

** The straoin was isolated after the drup therapy.

? indicabes the drug wae not tried, or this information was
sot avallable.

£ indientes the organism was susceptible to the drug; f’» in-
digates the organism was partially sensitive to the drug.



EX ke Y NS Y T
TLBLE I (comrINUED)

Stralin Response of Orpganian ﬁmg, Susseptibility
Patient to Tsolated. £ Organism in Bone
Brug Therapy. ?’:&1“!’0“&’3‘ Cultures.
Brill leoarsphensmine « Str. salveriug Yeocersphopemine -
Sulfathiagols - Zulfathisgole
Ingle - Feoarsphenaning « Str. salvarius Yeoarsphencming -
Sulfathisgole - ‘ fulls L’xi@.wl@ ;!
Soutinell . Neoarsphenamine 7 Itr. salvarius YNeoarsphemamine -
' Sulfathiszole 7 Sulfathiszole o
liegoline Weoarsphenanine ? Str. selvarius lNeoavsphonamine =
Sulfatl n.aznie ? Sulfathiazole
Thomson Hdecsrgphenamine 7 Str. selvarius Nesarsphensmive -
Sulfathiagole 7 Sulfathingele
Halpert - Tecarsphenemine ? Eftr. salverius YNeoarsphenemine -
‘ Sulfathiagole ? Sulfathiagels f
Yatlow Yecorsphenamine ¥  Str. salverius  ieoarsphenanine =
Sulfathiesole % sulfathiagole ¢



CLASSIFICATION OF THE STREPTOCOCCI BY THEIR PHYSIOLOGICAL REACTIONS

It is penerally accepted that the elassifisation of tﬁ@ noxn=
hemolytie group must rest on phyelological characteristies. In thie in-
vestigation, & large mmber of tests were run routinely in an enticipa-
tion that %h@ comparison of reacticns might reveal certain distinpuish-
ing characteristies whieh would correlate with the grbupings of the
organisms obtained by the study ¢ the drups in the bons marrow sulbures.
On the whole, the slassification is besed on Shermen's seheme {1937).

A1l btests were made in dupliecate, using young growlng broth
cultures, and employing established bastericlopicnl technigues. Therever
an occesional difference in reaction wee naté& in the two examinations,
%ha test was repeated several times uambtil aaﬁsistant results were ob-
tedned.

The fermentetion testes were made in super-free serum broth
with 1 per eemt of the tost substence added. The tubes were incubated
at 37°C for 7 deye. Daily observations were made during the periecd of
inoubation. Therever the tubes failed to shww acid, they were tested
for growth. The pH after four days of growth in one per cent rlueocss
infueion broth was determined in all but three insbances with the glase
electrode.

fable II shows that 14 of the 16 strains, on the basis of
thelir physiologieal reactlions, were identlenl with Str. salveriuve. Addi-
tional characteristiecs, ss sson in Tables III and IV, revealed that the

Fitzmeuriece and the Plerce strains were atypleal im thet the former fer-
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mented maanitol, hydrolyszed stareh, and gave no alpha hemolysis on blood
ager, and the letter fermented xylose end grew im the presense ef 4 per
gont salts In as muoch as these ebtrains did not very in the basie remetions
{Table II), they were classified as Str. salverius. Two of the 16 strains
proved to be enterosccci.

The Kimberly stroin, as seen in Table II, wes a typloal Str.
focalis, while the Motlew strain resembled this spseies very closely in
suﬁn of iﬁ& renctions and yet it differed in its heat tolerance, iis
methylens blue tolerance, and in its feilure to pive any aaidAreautiaﬁ
in milk. The Wabtlow strain did ferment lastose and it gave a low pH in
1 per cent pluscose infusion broth. Yoran (1988) reported 3 strains that
fermented lactose and did not elve sold in wilk. Bubt, her strains did
not compare to our strain im the other characteristies.
| Tebleog 1II and IV give the deteiled results of all the strains
testod. The salvarius streins, as & whole, showed a relabionship in most
of the ehief charmcbtoristios and showed & wide warietion in the lsss im-
portant. Yo subgroups were revealed whish might add in the recopgnitlon

of the different drup sensitive strains.



TABLE 1IX

DIVISICHS OF THE STREPTOCOCCI ACCORDINT TO SHERVAW
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Yagolino alpha - - - - - - . v
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‘ ' Strep. fecalds type
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TABLE IIX

ADDITIOUAL CHARACTERISTICS OF THE STREPTOCOGCI

Growth |Crowth in presense |Surviwval b, 30 ]
on Ager minubes . g
(V]
513 i .08
31813 SEIFIED
I & el e ¢ B 2,
STRAITS al &1 & g 4 4 gl "~ @
SlAIAI B2 A 2|2 TR I
& 9 : g B m. « Dl i ow o ﬁ
38 § - g; G| Ao le ie o, ! g ] 5 E
245 L ?} @ o < L L % - d ‘g 2] i
Fitgmavrioe | = | F [A |F |~ = |= |~ |F i/ |- - F VA
wwerty |~ [£ A A A4 A A A LF - 1414 |- 14
Blend A A PRV TR VAV I P VA PR R
Peberson |~ {=t|= |=t|=|={F = |F1F |- 3 R PO
i3son clefotglefalalclt]éle S CRPEEEE
Pisres - FiA L= AL-1FF |- “l={7fi=- 1
uillde ~ (A A=~ == 1F|F]- S I P R P
Williems ~ A A ==l = 1A F]- o PS8 A N P
sinindia [« [ 1l e lele o liizi=|-1- l&1£]- |-
Brill “1FielFl=l=]=|~1¥|#]"- o Ead B R B
Eﬁgl@ L3 - a P [¥) - 3 i % % = - - f’ - -
sowwery | = [= [ |#]=]=[=1-|#1#]-]-|-]-1#]- |-
tmgolino RIEERTEAEE BN EE R P £1- BTN
Thomson B EEEEER EN RN N E PO R - de [ f 1= |
Falpert . = Gt RN LS LR TS PR L -1 -
tetlow - Al#|E =LA F ] -1 f 1A




TABL® IV

ADDITIONAL CHARAQT

RISTICES OF THE STREPTOCOCCI

Leid Produeed FProm

1| %%
STRAIIS é 5;*3 ®
E%gsaéggagggﬁgg
2 2 £k 3 PR R
JIERHUBHOUHHEEHE
Fitgnaurice | # 4.58 FIEAIA LA 1A 1A= lF ]l Fdlel-
Timberly A1 4.24 FlAI A=l oA 1Fd 1 Fl-]=
Dland £l 4.6 AlAVA A A A=l iF =]~
Peterson £ 4462 FlA V1A FA I FAl=lelecidlala
Tilson Al 4t PR IE S IF D P PR R PR R R
Pieres £ | demt.a FlA Al dld]=1=]- LA L= | #F
millde 7 4.41 Flgldidlnlstelale] Aiw=|=
i1liame £l 458 FlLALAl Al FAlelelaid]-]-
Rothehild | /| 4.41 FlEAFAl =l Flelelcjeldleals
nrdll £ 4445 FlAlFlofelalcia]leleleala
Ingle £l 4.8 FlAlFl=lolofjolalalalala
Southwell | /| 4.61 FlAlFATAlelelelalolalela
Tazolino £l 4.8z FlAlflelelolalecjalelala
Themson ' 5.20 AlA | FAlelel-lecleijnl-ul-
Halpert A | 4e2mdud AlALA I =~|FAlF]lel=lcjale]=
Yatlow o | 4.2-4.4 AlALAL<lFAl=1Ad 1 1=t Fl=]a
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SEROLOGICAL RELATIONSHIPS

Serological behavior of the strains wes studied by memns of
sera from rebvbits immmiszed epgainst living baeoterla. This survey is aime
ed to determine if there is mny entipenic similarity smong the stroins
belonglag to the same drup semsibive group.

Threo rabbite were irmmwnised with 24 hour broth oultures of
live organlsms, secording to the techmigue used by Lancefield (1928).
The three streins selected for the immmiszation represented ebrains haw-
ing different sensitivity to the drups in bome marrow cultures. The Kime
berly strain represented those that were resistent to sulfathiaszcle, the
Bland strain those that were gensitive to both necersphensmine and sule
fﬁthiazol&, end the Brill strain the group that wae susceptiblle e sul-
fathiagols elone.

The agglutination tests were made using the method éeacribad
by Lamcefield (1928)« As the streptocoesi did not give heavy growth in
24 hour broth cultures, the antigens were not deeply twrbid. By using a
hend lens end carvefully comparing the agplutination tubes te the conb-
rols, egglutinations ocould be easily read even where the orgenisme tend-
ed to settle oub sponbancously on stending overnight in the ice box.

Tormal oontent of epglutining in oach of the rablit serm was
determined with sach strain. These walues wore deducted and the results
of the agglutinetion tests summmriszed in Table VIII. Tebles ¥, VI, and
Vil give the detalled date of the straing with each of the sera.

Serclogicel behavior of the struine did not reveal eny consist~
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ent antipenio similarity awonp the orpan’ems. The Bland and 4he Petersen
gtreing wore very meoh olike in their drug somsitivity in the bhous wmarrow
culbures, in their sultural and biochemleal resetions, and in the apriuve
tinations with the Bland Lmmne serum {Table VI). Purthermore, these two
straine pave identical resotions with the Fisberly fssmme eorum. But,
with the Drill imame serum their resotions differed. The Diemd strein
mwve partisl aprlutination with this gerum in the lower dilutions, while
the Feteorson etrain peve as hich a Mtér as the hmulogom strain 4id.
The Peterson strein, Just as the Brill etrnin, save definite agrlutina-
tione up e 13140 with the normel rubbit sera while the Bland styain d4d
not show any reastions.

The Themsen etredn, whioh wee similar to the Brill strain in
wost oharneteristies, showed a elose resemblense serologically, too. Put,
other strains, ss the Masolino and the Soutiwmll, whish foll in the same
proup, did not apgplutinat® with any of the sern.

Therens the Str. fecalis strais of Fiwberly showed ne geroloe
rioal relations with sither of the twe straing of Str. palvarive, most
of the ealvarius struins that egplutinated with the other two immme
sorg pave partial or slight applutination with the Finberly irsmme gore
us The Yetlow strain, on the other hand, culturally resssbled & Sir.
fecalis but 4%t did not show any antipenie gimilarity with the Edmberly
gtrein,

Un the vhole, the deta seem te ue %o justlfy the conelusion
the® theee pathorenie struptocsoel constitute a heteropensous group, and
thet the groupinge revesled in the studies of the drues are w0t the same
us those orteblished by serclepiecsl methods. lrwwiede and Valentine

(1918) laterpreted similar serclogiesl Pindimps by sSeting thet many of
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the strains tended to possess common agglutininebinding content but did

not necessarily sghow a common agplutinecpenie content.



TABLE ¥

ACCLUTITATIONS WITH BRILL STREPTOCOCCUS IMTKE RABBIT SERUNM

STRAINS
o
2 g |8 8|8
218188 | a . | H 98
- e i o - - ol od -
- Fitzmaurise - - - - . - - - e
z{ﬁmrl-}r - - - e L L L - b
E ™ [ -
Peterson S /:(;?" A At S K1 S £~ L
FPierece v - - e - - - - -
;- =
Hilide I D D S - | = 1= 1=
_!- L -
Williems " M E L Li - - | = « ]| =
Rotheohdld ‘!_;ﬁ - - - - - - - -
— Titi| Bt i) M Rrars
P o -
_:gEE_lg e - - - o 20w =3 @k s -
E =
Soutlhmell - - - e - - - i &
’&Wlinﬁ f;'f‘ o ’T‘: - - e - - - -
memson | | At Hid| | A ERREEE
T{&Imr‘i; - Ll L] - - - @ s - =
PAEIORE T R N e -l e | - | =

# Indicates agrlutinetion with normel serum.
#= L indicetes slight agglutination seen with a

hand lens.




TABLE VI

ARGLUTINATIONS WITH BLAWD STREPTOCOCCUS INMDUNE RABBIT SERUN

1
STRATIS
o
gl8]gsil8|2 |8 (28 |3|<|3
- - i e} 3 A 3 v - o~
Ty =
Fitamourios é ~ Ll - - - - - - - -
Tinberly ¥ HEIFI TR FYE FE g 5
Blamd W_?!/ Ve WiasdWecsdWesiAleidi BB RN
e N AP ARA AV AV ANE A
Pierce g - - - - & - £ -
T 3 e
?:;11116’ /{ e / - L 3 = - g b -~ -
4114ams M FEFAT PN PNEY N .
Robhenild p R e TETT N PET ]
' R
Brall el L gl o | ot ol
mgte | 1 Flpafslpfotedoio ]
Soutimrell : - - - - - - - -
! o s
tagoline oo 4 e o - - - - - -
T 7
Thomson ) ff ﬁ{ ]%! }'{ F‘L S - o 3 :w =
E’ia,}.per*& : - ~ - - - - - -
*“ L] s
loblow - - - & - - - ~ &

# Indicabes agrlutination with normal serum.
#= L indicates sgglutination slight, read with s hend lens.

A



TABLE VIX

ACCLUTINATIONS WITH FIMBERLY STREPTOCOCCUS TIRUNE RABBIT SERUV

STRAIR
g o | 8] 8] 8
o g 8 n -
= 3 = & -t & w | e e
-l e Ll 1] - [T & 2] -“n e
rd et e #ed ] o ™ e eq

k]
L]
i
B
§
£

-
-
Y
~dhmawrdes | -
Msverly | A
Bland f’;ﬁ
Paterson =
Liorog -
BMads | 1
Rothanhild _g;; F=L - ~ o - - - -
il
o
ol

Brill

inglo 1s
Southwell

Pazoline
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TABLE VII1

SUMBARY OF THE AGCLUTINATION RESULTS WITH THRED IMWUNE RABBIT SERA
Brill Rabbit Serum | Bland Rabbit Serum | Kimberly Babbit Sorwm
Formal | Tmuune Yormal hﬁlmw Formal { Tnumne
i
Fitgmaurice o 4] 0 ¢ ¢ G
Einberly 0 0 0 1:2,560
Bland 1140 0 1:2,560 0 1:160
Peberson 1:20 | 1:2,560 1:20 1:1,280 1340 15160
Pisree o ] o 0 0 0
Hillis 0 0 0 1:40 0 1340
Tilldams 0 1:40 0 1:40 Q 1:20
Rothshild 0 0 o 0 1:10 1:20
Brill 1:40 | 1:2,560 1:20 1:160 1:80 o
Ingle 0 ) 0 1:20 0 0
Soubhwell 0 0 o 0 0 o
Yeagoline 0 0 0] 0 0 0
Themson 1:20 | 1:1,280 1:20 1:60 1380 0
Halpert 0 0 0 0 0 e
Yetlow o o o o o 0
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DRUG SENSITIVITY IE VITRO OF THE STREPTOCCCCI OF SUBACUTE
CUDOCARDITIS,

It has been generally assumed thet these drugs in the low con-
entrations in which they san be used clinically have a bacterieostatic
action in whieh multiplieation @i@ffa dowm or is interrupted. The best
evidence for determining the actual effeet of these drues is derived
from the study of thg rrowth curves of the orgenisms in e medium com=
teining & low concentration of the drugs as compared to the seme oY gan=

isms in the sume medium without the drups.
Procedurs
e e ———

The followlng studies were mede with beef infusion broth at
PH 7.4 in whieh our strains grew readily. This mediwm wae used in 500
a6, flegks with 280 co. quanbities. Deoh strain was inoculated inte 3
flesks. Te one wvas added 0.0056 mp. necersphenamine per cc., to ancther
0.1 mg. sulfathiazele per oc., and the third contained no drug. These
wore ineubsted et 37°C and et stated interwals, apprepriate semples were
withdrawm and pour plates for colony counts were made. Prom the tebles
giving the tobal coleny counts, graphs were eonstrusted. In the grephe,
the logerithms of the number of baotoria per cubie sentimeter were plob-

ted as the ordinabos and the time in hours as the abszeisse.



Dlscuszion of Results with dwlfathiasgele

Sulfathiazole showed the most merked bactericstasis. Bxcept in
the two instances with straine resistant to this drug, gquantities greste
or then 0.3 or 0.2 oc. of the undiluted suliraP with;mulfhﬁhiagmle eould
‘not be plated beseuse of the inhibitive a#tianvaf the drug in the plabes.
Plates with 1.0 0. and 0.5 ee. of culbure would show no colonies, while
0s2 and 0.1 eo platings chowed posd growth of solomies. Therefore, the
eolony eounts from the sulfathiagole cultures were bosed on C.2 oo. and
0.1 se. platings. Consequently, with eome sbrains, as the Bland, the
Rothehild, the Mazolino, and the Malpert, vepreseuted in Serdes I fip-
ures 5, 8, 12, und 13, irregularities in the ourves are due to inacour-
aeles in the total solony eounts whish had to be ealsulated on the find-
inge of one or two coloniss per .1 or 0.2 ¢e. In the sarly phases of
growth, the colony wsounts of hhé eontrel and the neecarsphensmine culbures
wore based on 1.0 and 0.6 ve. platings, respectively.

The Bffeet of Sulfethisszole on the Srowth Curves. Figures 1 and

2 in greph Serice I show that sulfathisgole had no effect upen the prowth
curves of the Iimberly snd ?itzm&uéice streins. The bacterial coumts of
the sulfathiezole and the eantral.exyerimants wore almost identioal.

The four straing represented in figures 4, 5, 7, and 10, 1llustrabe o do-
layed bacteriostetie ection of the drug. Figures 4 end 10 definitely show
that the multiplication of the orgenisms in the ¢ and & hours, respective~
ly, ws uninhibited. After this early rapid ineresse, s gradual slowlng
took plase until reprodustion ultimetely ceased or ceme to a stationary
phase, and the total nuvber of cells began to decline. This decline was

quite notloible in figure 4 in 50 hours. This experiment was repoated,
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with the beoteriel oounts mads every two hours for 30 hours. The growth
curves repregenved in praph Series II, figure 2, pive the more camplete
piatuﬁ of this bacteriostetie action of sulfathiazecle.

Some strains were mors sensitive to this drur than the above.
Three strains, illustreted in graph Series I,figures 6, U, and 14,
showed such a repid decline of the number of erpanism that nome could
be found by plating after ome hour of ineuwbation. ii’hﬁ.s fact does not

‘ necessarily indicate that the oultures beeums sterile, besouse in se= |
veral later experiments it was shown that sueh epparently negetive cult-
ures did not prove to be sterile even after 70 hours of ineubation. I&
iz possible thet the action of the drug effected the reprodustion of the
orgenisms without killing ‘%:;héms

Figures 3, 8, 11, 12, and 13 in Series I showed the presence,
but ne ﬁmlizipl:&o&tim,‘ of the ergonisms in the early heurs of incubkbion.
Plate sounts revesled almost the some mmber of mile as in the initial
inoeulation. later, ne eolonies were obbtained in the pour plates.

The growth ourves of the bacteria in the presence of sulfee
thingole vary with the different strains. Some straing seem to be wore
sensitive than others. The sulfathiszole affects the rapmc&‘uaﬁ@rz,r.ﬁys-
*{,@w of the baeteria in sush s menner as to produce, 3in the most etrains,
a complete stasis of prowth, while in %h@: presence of this drup.

Sulfathiezole in Hartley's Broth Culbtures. Tn some ingtances,

the type of medium, in which the in vitro studies of o drug are made, may
influence the resctions. It seemed, therefore, desircable to find if

sulfathingole active in beef infusion dbroth vmuiﬁ exort a sinilar effeet
on the drug sensitive strairis in another mediunm, as in thet of Hartleoy's

broth. Substituting Hartley's broth for the other medium, identiesl ex-



15

periments were set up with three straine. The growth eurves, represented
in the graphs of Series III, oompared with those cbitained in infusion
broth. The drug was bacteriostatic irrsspective of ’éhe modiwn used.

To determine whether these three cultures that gave negative
plates after four hours saetually besame sterile, 1.0 ec. of the eulture,
after 30 hours of incubation, was removed from each sulfathissele flask,
and inoculated inte flasks conteining 100 se. of infusion broth. The lat-
ter were then inoubated st 37°C and daily observetions were made. Wo
gross evidence of prowth wes obsorved after 48 hours of ineubation, but
when the eultures were axamiﬁad on the fourth day, they were olouded with
growth. The eulfathiasole appreutly had not sterilised the cultures of
the basteria, but had affected the sells to such an extent that they were
temporerily dormant in & sulfathiszole-free medium.

Basteriogtatic Effect of Lower Coneentrations of Sulfathiagole.

Sulfathiagole in the conventration of 0.1 mg. per eo. exerted a definite
bacteriostasls of most of the strains. Two lower concemtrations of this
drug were tried with the Pierce strain. The growth curves in the Series
IV show that there is prastically ne difference in or loss of the bacter-
lostebic effect when the m’xwemrakion is decreased owe~half but e dig-
tﬂ.w"h reduction of effestiveness is noted with a deorcass of tem timss,

The Effect of Sulfethiagole on & larpe Inmooulum of Organisms.

There is evidence that the action of the drug may vary recording to the
alze of inosulations. Vork on the hemolytis streptocccel in the presence
of sulfanilemide has showm that if the initial numher of organisme ino-
sulated is large, the oulbures grow out to larpe nuwbers in spite of
the presence of the effective drug (Bepood, 1938). As all sur oxperi-

ments were set wup with relatively small incculations, seme with a
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larger number of organisms were tried.

The Brill stradin with en initial inceulation of 440 and of
1700 orgenisms per cuble contimeter showed no colomies when the cultures
were plated six hours affer the incubation. The sulfathiasole flasks
showed no growth at the end of five days, whon they wers last observed,
while the controls becars turbid within 24 hours and remained so. The
sxperivent was réyeataﬁ.with sn initial inooulation of over 200,000
erganiems per cuble canbimeber, or C.5 ee. of a 20 hour infusion hroth
culture in 260 cc. of broth. In 24 hours, the plate counte of the sulfe-
thiezols oulturs showed 640 organisms per cubie ocentimeter. The medium
wes olenr; but in 48 hours, it became turbid and the basterial count was
then over 1,000,000, It wus not deberwmined whebther the bacteria that
grew in the presence of the drug were ectvally resistent to the drug.

Cultures of the Bland strain, with an incculun of 1600 and of
6400, pave negelive plates at the end of six hours of ineubation.

It may be couveluded that 4if the nurber of orgunisms is larpe
enough that, even with the suwllfathiszole sensitive strains, the drur mey
not cbop mmitipilication completely. But, tho basteriostatic action is
poverful enough to definitely limit the growth of the susesptible basct-
eria in 24 hours. Thus, in 24 hours, the drug sensitive strains may be
differentiated from the resistent ones. The best information of the in

vitro action of sulfathisgole is obtained using & zmall inocsulum.
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Disoussion of Resultbs with ﬁ@eagggpsnamdnn

Veocarsphenarmine did not have a eignificant inhibitive action
on the stra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>