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A Study of Methods of Primery Isolation,
Oultivation and Identification
~ of the Gonocooccus

INTRODUCTION

The inability to cultivete, isolate, and identify the
gonocccous with the requisite speed end accuracy necessary in
the preliminery dlegnosis of gonorrhee, is a problem of cone
siderable importence both to the preotieing physician end to
the laboratory. So much stress has been plaoced on the physical
and chemical factors of growth, types of media, inooulation
methods, and biochemical aotivities of the gonocosccus by
verious investigstors that the initlal cultivetion and
isolation of the organisms has become an underteking involving

considerable understending and technique on the part of the

worker.
Other beoteria, such as the streptocceccus, staphyloeocous,

colon bacillus, and OGram positive diphtercids, comprising
the normel flore of the genito-urinary systems in the male
and female, tend to make the primery isolation and identificetion
of the gonocoocous 4ifficult by ordinary methods.

In this present work we have undertaken to investigate
8 few of the smeller problems pertaining to the laboratory
espects which have attreoted our sttention. Owing to the

gize of present fields of research we have limited ourselves

to a study of plate culture methods only.



REVIEN OF LITERATURE

Each phase of the literature having e bearing on the
problems releted to this work will bde listed separately. The
work of other investigators will be discussed in detail, Be=
ovause of the controversial nature of the literature, certain

sections will be limited,

Types of medis for cultivation, isolation, end identification
of the gonocoegus., So far as the growth of the gonocoscus is

¢oncerned, no other culture medis hes, as yet, superceded

the chocolate ager medium of MeLeod {1934) in dependability.
The introduction of this medium marked the first significant
advence in the developement of practical atanﬁarﬁizoa media
for cultivation, isolation and 1danti§&¢ation'bf the gonococeous,
Prior to 1934, numerous media were developed, sach more
complicated than the other. The results dy ihe investigéﬁara
who produced them were saetisfactory, but, when used by less
experienced workers they were inconsistent. Except for
further improvement anf standasrdization of certain media
by Difeo, there has been little or no change in the baesie
conatitution of culture medis for the gonocoocus.

For routine culturel work, eseitic ager or modifications
of blood agar appesr to be most generslly used, Pelouze
and Titeri (1926) developed a brein veal ager whieh they
¢laimed gave consistent results, Reitzel and Cole in 1938
oombined the Difeco product, Bacto Brain Heart Iafusion with
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the brain vesl egar, giving a simple medium more sdeptable
for use in the smell laboratory. Price {1937} oontinued
to use the egg albumen medium whieh he deseribed in 19385,
ant seys it eppeers to be as simple to produce and as
efficient es any of the oumercus media with which he has
had experience. Gardner (1940} used sn alkeline egg white
digest with asscitic fluid, Baeoto Heart Infusion agsr, a
modification of the formula of Huntoon tlﬁl&).‘wha showed
thet the more fastidious organisms could be grown on &
medivm heretofore widely recommended for primery isoclation,
and still used by many investigators, is the geletin medium
of Forth (1900). Douglas chocolate sger, snd Proteoss No,
S agar, a modification of Moleods' medium, still enjoy the
widesat popularity for routine cultursl work.

The ideal culture medium for the isolation of gonococcus
should not only be dependsble and easy toc prepare, but it
should elsc bs one on which the cheracteristics of the
gonoooccus oan be easily distinguished. For certein types
of eulturel work, a golorless, transparent mediun is
desirable, but in this there are certein inherent disadventages.
The medium should be reedily edeptable for the oxidase test
without %oo muoh dissoloration. It hes been noted, by
Leahy end Carpenter (1936) on certain of the clear media,
that the oxidase resgent often is absorbed into end discolors
the medias to the extent that 1t becomes impossible to distinguish

eoleniaa-}
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The idesl medium is rarely eveilauble in the laborstory.
Media which must be prepered from complicated formulae before
use are undesirable, owing to the complexity of constitution
gnd stapderdizetion. One batoh mey produce one result, while
another will yield s different result, It is for this reason
the Difoo products were used in our work. These preparations
are mede in large quantities, standardized, esnd t%grsfara
show less variebility 4in ingredients and reaotion, end can be
stored in the dessicated form for long periods of time without
deterioration or change.

Medis must also sstisfy the orgenisms’ nutritionsl
requirements, and preferable favor the orgenism being isolated

over others that mighi be present,

Morphol and stain The gonococcus in-a Gram negative,
non-motile, non-capsulated, ovel or spherical diploocceus;
0.8u x O.6u, with adjacent sides Tflattened or slightly concave,
resembling e pair of kidney beans. Morphologlcslly atypleal
strains of gonococeus have been describé& by Cohn (19386},
and GBhring (1936). Jenet (1936) is of the opinion thet in
smears correetly stained, the orgenisms are slways Grem
negative, while Barbellion {1936) believes that Orem positive
forma may occur,

The gonocoscus exhibits considersble colony veristion.
Herrold {(1936) desoribed ss frequently qééuring, & pin-point
type whieh is rirﬁly adherent, with e tendency to grow down



into the medium. Balsemelli (1938) described s more grayish,
less transparent, corrugated, dryer appesring form of colony,
which is more resistant and exhibits greater vitali%y than

the athgr forms, In the transition from 8«R, the R forms
usually retein their normel morphelogy end q%gining propertics,

but a few Grem positive lasrge forme have Been reported,

CONDITIORS OF CULTIVATION

1nm26gg§urg of incubation The optimum temperature of the

inoubetion of the gonccoccus is around 36,5 C, Leshy and
Carpenter (1936), on the basis of finding that the temperature
of the anterior male urethra renged from 28 C to 31 C when

the rectal temperature wes 37 C, incubated their primary
cultures at temperatures ranging from 29 € %o 37 C. The
“upper range was found to be favorsble to growth while the
ﬁxtrams lower range was not. Strains growing st 37 € would
20t develop &t lower temperatures while other strains growing
from 33 C to 356 C would not grow at 37 . Keplen and Wolfrem
{1935) inoubate their routine cultures at 35 C-36 C.

Initisl tempersture of medium Winkler (1937), like &

number of other workers, thinke it necessary to werm the
plates to ineubator tempersture before msking the inoculation.

Neumann (1937) , whose technique Winkler uses, claims that

the pletes inoculated at room temperature serve as well.
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Consistency of medium  The literature, up %o the work of

MolLeod and assoclates (1934), suggests thet the physicel
consistency or the oulture medium may be & more important
¢lement than its chemical composition, i.e., that & soft
me@ium is more to the 1iking of the gonosodous then a Btiff
dry one, snd that fesilure to recognize this may Ye responsidle
for meny of the diserepancies between the results of different
euthors with medie in other respects the same.

Casper (1929) and Siestrop (1930) used s blood water
medium with low ager content. Cohn (19328) decided that e
'dilutiuﬂ of "Levinthel”™ sger with serum wes an éévantage
and Kedisch end Rusn (1928) found that the lower the sger
content{not below 1,3%) 4in Levinthals' medium, the better
were the results obteined in primery isolation of the
gonooocous, Torrey and Buckell (1922) recommended s semi-
80114 mediwm a2nd Kinaema, Broun, snd Garcie (1923}, efter
surveying a lerge number of medie, concurred thot & sof't
ager was bes$ snd suggeeted thet the consistency of the
medium explained the velue of Vedder (1915} starch eger,
whiek is in other respects puzzling.

Since 193¢ the edvanteges of solid medis heve been so
apparent thet semi-polid medis are seldom used except for
sub-oulturing end in the meintenance of stock cultures.

Leahy and Cerpenter (1938) found that medie contalining
2% sger hed distinct edventeges over sémi-solid media which

frequently feiled to adhere to the bottoms of the inverted

petri dishes.
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Hater ~ The question of the proper emount of moisture necessary
for the cultivetion of the gonccocous is s%ill subject to con-
siderable ocontroversy. It has been noted by Neumenn (1936)
that in the open incubator, gonococci grow better in stormy
weather then in elear. Leahy and Cerpenter (1938) found the
humidity fn be 60% saturetion in seasled containers, and 40%

to 50% where the containers wers not enclosed.

Gasecus tension Al though previous ia?e&tigétiann had been
mede into the effect of various gasmeous tensions on the growth
of the gonococcus, it was for Moleod (1934} end his sssooiates
to demonstirate the 1mprovad‘affeet of strospheric air reinforced
with COz2 on the growth of the gonococous, In & study of the
effeot of C0p on 40 casses he obtained the following results:

TABLE I

Ertect of COp on 40 Cases Obsexrved by McLood

t4 4+ | 44|+ |Scenty| 50- |10« 2 o

100 | 5O |10 aeleaiaﬂ
e e e e e et e P e .

alr 5 6 B '/ 9 1 |4 13
Co.
2’;i!a 17 11 8 2 1 0 |3 -

Leahys' and Carpenters' experience augmented the growing mass

of ev4adence, that, et lesest with some strains, en incresged
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COg tenmsion in the surrounding atmosphere exerts a favoreble
iaflﬁanae on the growth of the gonococous in primery culture.
he Tollowing resulie were obtasined after the incubation of 81
stroias of gonovecci on ehocolate agar at 37 ¢ ia seélaﬁ conw-
talners in en etmosphere of 10% COg,

TABLE IX
Valve of Alr Reinforeed W4 cor

growth no growth
- S —= — = ! ====4
air 82 a
air « COg 61 0

Neumann (1936}, after a careful study, errived at the
same conclusion as Leaehy and Cerpenter (1936) and Melsod snd
sssovintes {1984), He further observed that certein strains
coulﬁ_cnly grow in s partial vacuum or incressed C0p tension,
and, aefter several pessages, these streins cculd be grown under
ordinsry stmospheric conditions, This conforms to the ganaral
experience thet CUp is unnecessary ror meintenanve of stock
cultures.

Several méthods are employed for sltering atmospherio
tensions, Carpenter end Leshy (18356) pump out part of the

air from the containers, replacing it with COp from a $ank.
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To reduce oxygen pressure, Neumenn werms a petrl dish and
seals it with plastecine. To increese the COg tension, he
introduces & fragment of dry ice {C02) into the sealed space,
which, acecrding to Winkler (1037), brings the tension Vo
about 10%. Spink end Keefer (1937) pleee a lighted candle in
a sesled jer, and sllow it to burn itself out; Thompson (1938)
describee the sddition of csloulated smounts of s solution of
sulphuric acid to & molar solution of sodium bicerbonaete within
the jer, Each cubic sentimeter of moler scdium bicarboneate
solution should furnish £2.4 6.0, of C0g, With 8 jar of known
capaoity the required smount of bivarbonate to furaish the

required COg ooneentraiion osn be cseloulated.

Acgessory substances ~ The exmct nature of acoessory substences
used ss medie enriclments for oultivetion of the gonococous
hes not been setisfaotorily determined, Balsemelli (1935)
says that the gonoeoccus is easily and quickly isolated in
"anti-virus broths” the exect neture of which he d&id not
determine. He bolieves these brothse contaln disintegreted
basterisl bodies whiloh may produce sh eppropriste substance
for the growth of the gonococcus, Filtrates of gertain mold
cultures were found, by Sartory and co-workers (1935}, to

heve & certain effect on the growth of the gonococcus when
incorporeted into e suitable culture medium when blood from
a&ifferant sources was sdded. Ssertory conecludes thet the blood

of patients suffering from gonocoocel ;nraatians contalnse



specific, eotivating, thermolebdile, accessory fectors for the
growth of the gorocoecus. They also report thet, slthough
noymal human snd enimal bloode produde more sbundent and repid
growths of gonovocei, other bocterils sre slso activated at the
seme time, so that these bloods sre of no advantage ip culturing
from mizxed 1areetién$. This hes been generelly disproven by

the development of the Difce Proteose Ko. 3 agar. Meleod

{1934) used whole blood ae# @ meens of supplying socessory
factors. 4scitic fluld edded to vesl infusion sger was used

by Cobn {1936) end other workers with considersble success,

The main sdvantage in using gsoitic fluild lies in the feet

thet it conteins po formed elements which would tend to dis~
oolor the otherwise clear oculture medium. FPelizer {1959) employed
horse plasme and hamaglabin enrichments, while Cohn and Eruger
(1940) msde use of hemolyzed beef or sheep blood in medie for

isolation of the gonocogous.

Dyes, Though a few scabtered observetions hed been made &t
variocus times on the effects of eniline dyes on bacteria, it
was for Churchman (19i2) to first investigete them thoroughly.
Hs found thet on medis containing gentisn wviolet in high di-
lutions, 90% of the Grem positive orgenisms were killed, |
while the remaining 10%, the seid fast orgenisms in psrileuvler,
were not affected. Similerly, though 90% of the Grem negetive
organisms were resistent, 10% were susceptible to the setion

of the dyes. This difference in resistence between Gram



il
positive and Grem negetive orgenisms is not sharply defined.
Thers ia slso considerable veristion in the susceptidbility
of different speciss of Gram positive orgenisms. Garrod {1033a)
has shown, for cxample, thet staphylococei are mueh less
resistant to the violet dyes--crystel viclet, methylviclet,
Hoffmen violet, gentien ?iﬁl@t; Dehlig==«than streptococci,
Garrod {1933b) hes Pfurther found that aniline dyes in penersl
are more bacteriostatic for Gram positive then Uram negative
organisms, '

It wes not until the work of Cerdner {1940) thet an
aniline dye wes included in & medium for the isclation of the
gopooooous. To a modified egg white digest medium he sdded
Nile Blue A (Hetional aniline Company} and through its ine-
hibitory sction; suceeeded in reducing the growth of crgenisms
other than gonococei by ab least 50%. In the dilution used
there wes no inhibitory effect on the gonococci and when
other bascteris grew, it wes noted thet the former orgenism
grew more fapiﬁly and absorbed more of the Hile Blue 4 than_
the other baeteris present.

¥o mention has been made by Gardner, or ¢lsawhare in
the literature, of the effects of other aniline dyes-~orystal

violet, basic fuchaipe-on becteria in the presence of the

gonocooous,
Cerbon  Glsss end Yennst {1939) report s series of experiments

ueing the following forme of fiamely divided earbon in a phosphsate

buffer solution and a measured smount of liquid nutrient eger:
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Conmeroial Blood Charcosl, Grephite, Medioinal Chercoal (Merck)

ana in addition to these chalk, kaolin, and red oxlde of iren.

The carbon phosphete buffer mixture and liquid natrient

egar was poursd into pletes, allowed ¢o harden and inoculated

both with pure streins of gonotocei and pus containing thim

ergaﬁisn. Blood char¢oal, in dilutions renging from 1:200 %o

1:400, waus found to sivo\the greatest growth enhancement.

The following chart,

including cases dlagnosed by

$his method, will vonvey an idea as to the efficiency of the

e¢harcoal plates.

TABLE XIX

The Isoletion of Gonocceci on Cherecal Agar from Pus,.
{Data from Glass and Kennet)

Case hreata&

8eCe Number of colonies appearing on
Ko, in
smear
L__blo _Shercosl. agar | ager
24 hrs hrs, | 24 hrel48 hrs, 48hrs,
487 No + Inn. Inn. Infe Inn, 4]
503 Yes + " - 5 » 0
887 o + » s ¥ " 0
733 Ho + 13 5 45 45 0
788 o * Iinne Inn. Inn. Inn. 5O
797 No = 200 200 200 200 40

Innulmerable, i.e., over 250 colonies

Charcoel plates contain 1:200 or 1:400 commereial blood
% charcoel (CBC)
ne

The chsrcosl plates contain 1:400 or 1:200 CBC

Inn.

Innumerable, i.e., Over 250 colonies

exerpt from chart conteining 25 cases
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| Growth on the chersoal plates ook longsr {up to 48 hours)
before a count could be mede, but the results were always come
pareble to the blood agsr plates.

3lassse snd XKennet found thet throush the eddition of
certein preperations of csrbon to nutrient agar the suitability
of the medium was greatly increased for the growth of the N.
gonorrheese and N. intracelluleris and, in the cese of the former,
only is perticulsrly evident when incubation is carried out in
1.5 to 5% C0p. The effect produced, they conecluded, wes by the
blood eharcoal, heated suger charcoel, end graphite, but not
by the commercial suger charcoml or Mercks' medicinal charcosl.
The effect wes not dus tc soluble material or matter decomposable
et 1000 C in one hour. To enhance the growth, the cerbon pert-
jcles must be present in the medium during incubation, Mere
exposure to the cerbon fails o produce results,

Werburg (1R18+14) has shown that ¢ertain chercoals
catelyticelly oxidize oxelic ecid to COp and wster in the presente
of oxygen. Werburg end Negelein (1921) and Werburg (1921)
showsa thuub gyetine, tyrosine, end leucine ere similarly seted
upon, He contended that charcoals conteining nitrogen snd iron
were more asotive than those that did not. Gless and Kennet

arrived et the seme conclusion,

Oxidass reaction Since 1937 the oxidese reaction as a means
of identiricetion of the gonogoccus colony hes etiracted con-

siderable sttention., Meny workers who ere acocustomed %o

reoopnizing the colonies by inspection eslone have been prone
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to disecount this test as a means of identification, but after
trying it, not a few heve shanged their ﬁinda. There are
several compounds belonging to the p-phenylene diemine group,
whioh give this resction to some degree, but, after using sll
of the members of this dye family in tne teste, Gordon, Meleod,
end Bllingsworth {1929) csme tc the conclusion thet tetrsmethyl
perephenylene diemine hydrochloride wes the most desiredle, in
thet 1t 4id not exhibit the same degree of toxicity to the
gonocoeous ss the other members of this group. L. Thompson
{1938) and Spohr and Landy (1936) prefer the tetramethyl com-
pound. Leehy and Carpenter (1938}, who tried both the dimethyl
and tetramethyl compounds, prefer the dimethyl, deciding that the
tetramsthyl compound was inferior becsuse it dimcolored the
medium, to & grester degree then the dimethyl.

in L. Thompsons' (1936) report on the spseificity of the
dyes for gonocoeccus, as wali a8 in the work of Gordon and Meleod
{1928) , {verifying the results of Schultze {1910} and Kramer
{1810)) , there is ample evidence that the gonococous ls not
alone in ite'oxidese produvecing abilit#., In a period of 8 months,
Thompson feund out of 1,100 cultures, 11 instence in which there
'ur& confusing positive oxidase tests,

Leahy and Carpenter (1936) compare inspection with the
oxidase test as s means of rscognizing the gonococcus colonies
in cultures of 146 strsins. Both were positive in 86% of the
cases, snd the oxldase picked up 21 of 14% of those missed by
inspeotion giving e 15% superiority for the oxidese method,
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TARLE IV
Adventage of the Oxidmse Test Over Direet Inspection

In the Tdentificstion of 146 Streins of the Gonocosous
{After Leshy and Carpenter)

Streins Percentage
Tdentified Positive
[Enspectior positive, oxidase
test positive 125 86%
[fnspection negative, oxidase _
‘ teat positive 21 144

Sehultze and Kremer (1910}, end Gordon snd MeLeod {1928)
sub Jeoted various orgsnisems to tests with dimethyl pephenylene
diemine and e~napthol and found that those orgenisms heving
the enzyme cetalese were capeble of entaring into a resotion
with these c¢ompounds. Bacterle entering inte this reaction
had not been previously recogniged as peroxide formers. PBecsuse
of their cstalese, or some other factor, the peroxide they
produce does not diffuse into the surrounding medium., On the
other hand, bseterie, from which the peroxide diffuses into the
surrounding medium, a&re appsrently devoid of peroxidase and give
no reasction unless peroxide is supplied. Only those organisms
growing in the presence of oxygen are capaeble of entering into

regetions of this naturse.
Gordon, MoLeod and Ellingsworth (1929) found the para
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compound, es well ss the mono and dimethyl derivetives, toxie

to the colonles of organisms treated, with killing times renging
from 2 £n 15 minutes. This waes undesirable, meking it impossible
to transplent colonies. This lead to an investigation of related
oompounds, resulting in the use of the tetremethyl compound whioh
wes found t¢ be only slightly toxie, the organisms remeining
viable for long periods of time after spplicetion of the dye.

The mechenliem within the organisms is apporently due to
the aatian'or the enzyme cstelase on the peroxide formed within
the cell body ss the result of the oxidation of lectic o pyruvic
acid by the sehydroxyoxidese syetem, {Barron and Hastings) (1953
and 1938) , of the gonoccccus and the subsequent release of oxygen,
8o far, this is the only oxidetioneredustion system thet has dbeen
investigated in the gonocoocous.

The s~hydroxyoxidese system sctivetes lactic acid®
produsing a rearrengenent of ite' sleetronic structure so thot
it bscomes slestronically sctive., In this system there ars two
active components, the e~hydroxyoxidese and a thermolobile ferric
hemin-like compound whieh is destroyed by heating at 50 ¢ rfor

two hours.

% The following oxidation~reduction system is proposed for the

gonocoecus,
{ON NEXT PAGE)
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(1) =2HCEg~CE-COOH activeting enzyme of 2 CHgw0~COOHt 2H
a-hydroxyoxidase /
O > HO
{Leotie soid) : {ectivated lastic acid)

(8) 2 CHy=C=COOH ¢ 2Fe™ " hemin 2 CHp=C=-COOH ¢ 4H
/ thermolabile /
HO component of 0
g~hydroxyoxidase
gystem

{3) 4 Pe*“hemin 4+ 80, __ . 4 Pe*""hemin + 40
{4) 4H » 40 » 2 Hp0l2

(8) 2H.,0p  catalese 2Hz0 « 02

(6) 0p + Tetramethyl {Wurster's Blue) End product of
p=phenylene oxidetion of dye
diamine HCL _

In the presence of peroxide, the peraphenylénedismine
eompound yields no color change; the monomethyl derivative
produces & yellow brownish colorstion; the dimethyl compound,

a black solor sfter B preliminery maroon stege. The marcon color
ecomplex is known as Wursters' red (1878) and the dlud color

produced through the intersction of the tetramethyl compound

is Wursters' dblue {1879).



Fiqure i

(1) .
Di=methyl p-phenylens
diemine hydroehloride

2 Han | - EHg
2 b ﬂgm—-mmﬁx ) 4 Q
(),

N(CHg) 2 N( CHig) oR

Warster's Red (1879)
Dye complex result of interaction between oxygen and
diemethyl p-phenylene diemine hydrochloride.

Fiquire 2

Tetra-methyl p-phenylene
dismine hydrochloride

N{CHg)2 | R(CHg) R N(CHg) ,
e QE wmmmnd D 1' 2
N(cHg) 2 (CHg) oR CHg)

(2)

Euraﬁar’a Biue (1879}
Result of intersctlion betwsen oxygen and tetrs-methyl
pephenylene dlemine hydrochloride

S i  cultural oyer methods of diagnosis

Interest in the superiority of the sultursl method for dliegnosis
of gonorrhes has been stimuleted by repested demonstrations of
inesceuracies arising from the mieroscopic method., From the
diagnostie standpoint the culture of the gonosoocus iz extremely

importent beceuse of the fallacies of the Grem reaction and the
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us of sulfenilemide in the presont dsy trestment of gonococtel

infections.
S8ingle smesrs stsined by Crams® method were acoepted as

being sucficient by Herrold (1931) in the presence of scute

olinical symptoms end findings. Uszing 8 modified Mcl.eods?

method (1934) for the disgnosis of gonorrhea in the adult female,

Carpenter, Leahy and Wilson (1938) reported the'gonoccceus in

205, or 92%, of 223 positive specimens submitied for examination.

Only 107, or 48%, of the specimens showed the gonccoccus in smears,

The oultursl method wes 191% superior to the smeer method,
TABLE VIX

Superiority of Cultures over Smears
{From Carpenter, Leashy, and Wilson)

Positlve Smeers Sultures Superiority of
Specimens Positive Positive Cultures over
Smears

223 48% 924 1914
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TABLE VIII

Superiority of Culture Over Smear Methods of Diaghosis}
4 Bummery of the Rasults of 3100 thiu Exeminstions
from Severel Investigators®,

Cultures Smosrs Cultures | Superiority of
Exenmined Poaittve Positive | Culitures Over
Smesrs
{1} 2082 7 . 75% 14.5¢ 1874
{8) 198 747% 17.6% 2294
{%) B4 12.9% 84,84 1914
Totals _
and 8100 9.38% 18 .34 1054
Averages
antion of signet
1) Moleod & Ga-mrlerﬂ ‘mm) *
a{ Spoby & | {1938)
3) Cerpenter & Leshy (1987)*
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INTRODUCTION
0
EXPERIMENTAL WORK

General objectives Since no eveluation of culture media hee
appesred in the literature since the work of Mak {1936}, we
ha#@ underteken & survey of plating medie used in the dlagnosis
of gonorrhes. In this study will babinaluﬁsd methods of isolation,
culture medls, end sccessory substaences employed in routine cultural
work. Further observations were made on the inhibitory action
of the dye, Nile Blue A {CGerdner{1940)), as well as & study of
the effects of two more aniline dyes on the Gram positive
organiams frequently esscociated with the gonoooceus auring
primery imolation.
The use of blood charcoal as an accessory subatance for
the growth of the gonoooccus came to our attention after review-
ing the work of Gless and Kennet (1939), and portions of their
work was repeated with modifications. Though 1% ia generally
conceded that a moist surface is necessery for the growth of the
gonococous, the effects of dry, molsture-free surfaces anvthe
growth and colony size of the organisms were studied with results
proving quite interesting in the light of ocommonly held views,
Though we have not contributed eny one thing of far-
reaching significance in the laboratory dilagnosis of gonorrhes,
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we fee} thet through repetition end substantiation of previous
work, and the edditional ideas gained through our own observations,
we way, in a small way, add %o tie alresdy Tast acoumideting
knowledge on combating this disease,
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METHODS AND MATHRIALS

Lithough 1ittle 48 =aid in the literature on inceuiation
methods, we feel thet much is essumed by many investigators in
rggarﬁs to the proper execution of this procedure as an adjunct

to the disgnosis of gonorrhea.

Methods of inooulation The inoceuletion methods employed by
laboratory workers for the primary isclation of the ganaonaaua

vary widely, Some use the original swab upon which the specimen
was teken, using it to stresk thelr plates; others use sterile
transfer pipettes end glass dollies for spreading the inocowlum
uniformly over the surfece of the medium. The pratinum loop

can be used, but, with 1t, it is dirfficult to transfer material
to the medium in guantitiss.

0f the mﬁth@da'mﬂntioaa&, transfer pipettes and glass
dollies were found to be most sstisfactory. Rubber bulbs atteched
to the pipettes made 1t panaihi& to evold esccidental contemination
of the mouth and sllowed for greater sccuracy in transfers and
diluvions.

Ali epecimens worse ebthined on sterile swabs woich Were
jmmersed in 1¢.0. of a sterile solution of 1% peptone weter or
prosh, This insured adequete molsture for the orgenisms t1ll
they could be transfarrsd to culiure pletes. The use of the
dollies tenfled to give more uniform inoculated ereas snd pre~

vented drainsge of material from the surface of the medie onto

the cover of the petri dish.



Methods and Materials

for
Obtaining Specinmen

i L

Have sterile swabs
snd & 1% solution
of peptons water
available in tes%
tubes

(3)

Pour le.0, of peptons
water intoe tube.

7

(2)

Remove plug. Flame
$ube, Remove swad
and take specimen.

{4) ‘
Return swad to tube,
immerszing well in
broth. Either
transfer specimen
%0 plate or store
in refrigerstor.

F\q_u»e 3
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Methods and Materials
for
Pouring Plates

O
N
—

{3)
v Melt tudbed or
boTtled medis in
water bathe.

| ‘r o | ‘
/
Pefna.?)mltad botil

medI¥ into aternn t‘laak
conteining snriching substance

and mix rotation.
: - (3 a b?

Pour media into patx*i dish
with frequent flaming of
pouth of flask,

{4)
Allow medium to harden.

F:tquwe 4,
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Methods ;nd’ﬂhtcrxala
or
Inoouletion

1)
Sterile 1 c.0. gtpﬂttu
with rubber bul
attached,

against gides
of tube working
material into
broth,. Discard
swabs.

nsert pipette
and withdraw
fluid,

P J

 {4)
Inooculate plaete.

Method for Storing
Glese Dollies

Spread mater Al Bver SiFTace
of mediwm with glass ﬂelly.

F\Cguv’c §
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Figure »

Teshni of Inoouium
T4k oloss Dobiy

Haise oover of petri dish in manmer indicsted in

sbove figure. Rest delly on surface of medium,.
Spresd inoculum with a erossewise end oireular
motion $111 #1) material is worked well inte the
medium, Dolly should be hendled in sueh & wey
that no marks ave left on the amooth surface

of the plate.

F\quvf (a
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Temperature of mediwm for inoculstion = As pointed out in the
review of the literature, meny investigators stress the warming

of plates to inoudbator tempereture before incculation. o far

no detectable dirfference in the growth of the gonoeoccus on
either heated or unheated pletes has been observed. The
gonococous grew profusely on plates inoculated et room or refrig-
srator temperature. Since the gonoococcus may be stored st
rafrigaratei temperetures for a@vérgl hours without any notice~
able atfsat on its viability end the temperature of the platas

is not a contridbuting factor to its aurvirni, we feel that

there is no necessity for warming either plates or cultures

before transfer.

Temperature dg‘gncubatiog Our best results have besn obtained

at @ temperature of 36,5 €, although there were occasional
a#treine which failed to grow at this jempersture. Am incubator
should de umed which is not subject to wide Seumperature
varietions, since changes of 2 ¢ or 3 C either side of the
optimum tempersture will often kill e new strein during the
initial 48 hour incubation peried.

Control of moisture snd humidity during inoubation In freshly

poured pletes, there is an sdequate supply of moisture present

in the medium to maintain the proper humidity when they
are incubated within a closed conteiner. Shouid the platea
be quite &ry, 5 or 10 o.¢. of weter mey be poured into the

jer befors incubation, or a folded, dempened, paper towel can
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be placed in the bottom of the Jjar.
When seperate petri dishes are to be incubated, wide

rubber bands, after the method of Petroff end Steenken {1930},
can be pleced eround the edges cf ths petri dishes in such a
manner a8 to seal the spsce between the botiom end cover, thus

maintaining atwespherlic conditions sultable rfof growth.

Carbon msxggg Cerbon dioxide wes obtelned in oylinders and
introduced into the jers following e method modified after

Leshy end Ceypenter (1936). 411 cultures, except those so desige-
nated, were grown in atwmaspheres rainfaéaaa with COR. We ere

of the opinior thet prectically 81l strains of the gonococcus

are aarbanﬁiexidaphilli@, at least during primery isoclstion.

Qur sppsretus for hendling the 00, iz simple., We found
it easier and fester o operate than Leshys! and Carpenters®.

Qur spparstus iz composed of a gless bottle, with a
tubulature near the bottom, en ordinary 2 liter bottle filled
with water end cslibrated in cuble centimeters, & glass stopcook,
end & eylinder of caa » The glase tubing from the elevated
bottle extends nearly to the bottom of the celibrated flask,
passing through e two holed stopper contelining the gless stop~
cock to which a rubber tube is connected te the €0z tenk and the
stop-cock opened. A= the ges pressure increases in the bottle,
the water is displeced into the upper bottle. Upon obtatning
the Jesired amount of G@a, the stop-uoak ie clesed. The rubber
tubing is detached from the ¢ylinder and plsced in the incubation



EXPLANATION
{a) B L. glass bottle with tudulaturs nesr
bot mo

{B) 2 L. zlase bottle much as is ordinarily
used for acids and bases.

(@) Glass etop-cock.

(D) 8 1b, gless coffee jar with seraw top Pfor
ineubetion of plates.

{E) Carbon dioxide in eylinder equipped with
high pressure valve.

(F} Rudbber tuding.
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(D)
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Jer. The weight of the displeced water forces the COg into
the jar. When the capacity of the incubetion jar is known,
there is 1ittle diffioculty in ecmputing the proper amcunt of ges
to be used.

Carbon dioxide, being heavier than alr, forms a layer

on the bottom end the loss of ges from the Jjar is preotically
nil, The 114 1s pleced on the jar after the tube hes been

removed.

Preperation and storage of medis Thenever possible, the

dessicated Difco products were used, These were chosen hedause
they were well standerdized, consistent, and relieble in rsection,
Such medis as could not be obteined through Pifco were prepared

in our own laboratory.
Directions for preparetion of the dessicated medie were

obtained either from the peckege or the Difeo manual. Anyone
interested in seeking more specific informetion on methods is
referred to the Difco Menusl,

When it wes necessery %o prepere and store medis, test

tubes or 100 ¢.0. sorew cap bottles were used.

Storage of accessory substences Bloods and esoitic fluid
were stored in the refrigerator in sterile flasks. Baocto-

Hemoglobin wes tuded in 10 0,.0. quantities and storsd $ill

needed in the refrigerator.
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Svmmery of medls used The plating medis used in our work
were Bagto Protecse No, 3 ager, Bacto Brain Veal egar, Bacte
North Gelatine agar, Becto Hesrt Infusicn asger, and Douglss
ager, Train vesl eger, mMace after the formule of Peizer (18940),
is used irn one instance dut ac thorough atudy of it was made.

{Ses table)

Bacto Proteose No. 5 ager ~ This medias is composed of proteose
peptone, dextrose, sodium ehloride, disodium phosphate, and agar.

"he restiting medie is one whick permits the growth of the
gonccocens not only in pure culture, but elso allows its
development from the mixed flore encountered in chroniec
gonorrhiesl infections.,

The development of this medium wes premised on the
stipulotion thet 1t pomsess a high degree of efficiency, land
itusll reada.y to praciical uge, be Of simple composition,
and easily &upliceteble. Drs. Cerpentsr, Moleod, snd Herrold,
who aided in the development of this medium, feel that 1t s
supsrior to Beoto North Celstin sger or Bacto Brain Veal ager

for use in the iscletion of the gonococous,

Baoto Brain Veal agar Bacto Brain Vesl asger is composed of

extractives of fresh calf brsin and veal in addition te proteose
peptone, sodium dihydrogen phosphete, sodium chloride and ager.
This mediuvm was devised by Pelouze and Viterl (1928} following
a study of the cultursl requirements of the gonoeoccus. Garcia

{1930) was well setisfied with this medium and found that 1t
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fulfilied the growih requirements of the orgenisms., BSaccone
(1958) used Bacto Breim Veal sgar for preliminery iscletions.
Reitzel and Eohl (1988}, by combining Becto Erein Heart Infusion
ager with Besote Brain Veel esger, mede & simple medium whieh
was cleimed by them to be more adeptable for use in the emall

laborstory than Bacto Brain Vesl ager alone.

Bagto Heert Infusion sger Bacto Heart Infusion eger is a g0lid

medium prepared with sxtrasetives of fresh meat, proteocse peptons,
sodium chloride, end sger. Huntoon {1918} was ohe smong many
investigators to show thet orgenisms of a highly peresitie

nature could bs grown upen such a medium without enrichment,
Froteose peptone wus found to be better suited to the nutritional
requiremsents of pathogenic beoterla than the Bsoto Peptone

originelly used by Huntoon in the prepsration of his "Hormone™

maﬁiﬁmu
Baoto North Gelatine sgar Bacto North Geletine agesr is a mode-

ificetion of Norths' medium (1909) recommended for use in the
cultivaetion of the gonocoeccus and meningococous, It is more
complex in ingredients then eny medium heretofore mentioned,

being composed of vesl infusion, protecse peptone, gelatine,
goluble starch, iscelectric casein, sodium chloride, cnd agsr.
Spohr end Landy {1938), and Beck (1938}, reported thaet Baoto North
Galetine egar wes an excellent medium for the eultivation eof

the gonococous following the addition of whole blood.
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a8 A Douglas sgar 18 prapared by the additlon of ager
to Hartleys® Broth, which is composed of a meat beef extract,
sodium carbonete, and Cole and Onslows® pancreatic extracty
with chloroform. 46 reported by Meleod {1934), this mskes
an excellent medium for the gonosooous, but its grestest
fault lies in the diffieulties of its preparation.
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EXPERIMENTAL WORK

Effects of the drying of the medium on growth and colony size

It hes besn observed that the gonococous grows best in the pre-

sence of an adequate supply of moisture, either on the surfece

of the medium or in the stmosphere coming in contect with the
medium, This is, generally spesking, true, but we have had ococas-
sion to wonder what the effects on the growth and size of the
colony'wnuld be when grown on pletes heving pre-dried surfaces.
Dougles chocolate agar pletes were stored under a bell jer for

& period of 43 deys, inoculetions being made &t frequent intervels
with both pure, freshly isolasted strsins, end mixed specimens.

The bell jer covering the plates wae reised from the surface of
the teble by means of 1" pieces of wood to insure circulation

of air and enable moisture to escape. During the 43 day period

in which the plates were under the jar, there was no evidence

of moisture on the pletes. The surfaces of the medie did not

get dry enough to ¢rack or become discolored,

A1l inooulstions were mede frfom suspensions of the
gonogoccus in 1% proteose peptone solutions and inoculated in
anounts varying from 0.1 to 0.3 .0, by meens of 1 ¢.¢, grad-
uated transfer pipettes. The inoculum was spresd over the
surface of ﬁhe medium with gless dollies, taking care to work
1% well into the surface., A more uniform growih of orgenisms
could be obtained in this menner then by streesking the plate

directly with the sweab.
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The sizes of the colonles grown on these plates varied
from pin-point to 1.5 mm, in diemeter. The following taeble shows
the reletive colony sizes on pletes inoculated st verying intervals
over & period of 43 days. 4s cen readily be seen, the veriastion
in size after the 13th dey to the 43rd day was not noticeable,
The lergest colony st eny one time, even on the freshly poured

plates, wes 1.5 mm.

TABLE IX

The Effeots of Drying on Colony Size of the
Gonococcus Plated on Douglas Ager

Days

Colony size|P.B- | pin 0,8~ | pin plo pin

n 1.5mm (point [1.5mm |point |point |point
millie to to to to
meters 1mm 0, 5mm 1mm lmm

All of the plates were incubated in e 10% COp tension
at 36,5 C for 48 hours. The colonies reacted with the oxidmse
reagent {tetramethyl paresphenylene dismine hydrochloride).
Discoloretion of the medium wea not too pronounced, 4t the end
of the incubetion period, the colonies sxhibited smooth glistene

ing surfsces and edges. No aspprecisble difference could be noted
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between the colony sigzes of the gonococcus grown on dried pletes and

those grown on the freshly poured plates.
There are disedventages in keeping plates on hend for
extended periods of time, Conteminetion from eirborne bacteria

and molds is & constant risk,

Effects of pre-incubation st $6.5 C on Douglas Chooolate agsr plates
Douglas Chocolate agar pour pletes were placed in an incubator
for three duys st 36,5 C and then inooculeted with & suspension

of the gonococcus in pure oulture. The pletes were then incubated
in a 104 CO, tension for 48 hours. IFrom ell indications, the period
of pre-incubation haa very little effect, if eny, on the growth

of the gonococcus, The size of coianias is apparently a factor

of the dilution end the prescence of cther organisms in the

inosulum, as well &s being due to the pressnce of muisture in

the plates or jar,
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BEVALUATION OF CULTURE WMEDIA

Since several medie snd sccessory substences were used
in the following comparisons, the experimentel work will bé
presented in chert form wherever possible. The culture and
inoculetion methods used were desoribed snd illustrated in a
previous sections

By performing & series of experiment in which verying
dilutions of cultures were used, it was found thet in aslmost
every instance, whers growth conditions were favoreble, the
sonococcus oplonies on plates were larger in the higher than
in thé lower dilutiéns. This is probebly due to the esse with which
the products of metabolism can diffuse aend be handled through
the buffering sction of the media. Colonies close together,
tended to ﬁa smeller, verying from pin~point in eize to 0.5 mm.
in diesmeter. Well separated colonies were larger, rsnging
from 0.5 nm. to 3 mm. in size. Colohles &s lerge es & or 8 mm,
in dismeter have been observed, but in routine work the largest
encountered was approximetely 3mm.

| The following teble is intended to show the relation of
polonies encountered on three different medla, uaing different
enrichments, {The Peizers® Vesl medium with horse plasma-
hemoglobin enrichment was not one of the media sudbjected %o
compsretive tests, For fuller discussion of the Peizer medium
see Peizer, 1930), These medis give fairly consistent resulis.

Proteose No, 3 Bacto Hemoglobin end Douglas Chocolate ager,



TABLE X

Effeet of Varied Medies and Enriohwments on the
Colony 9ize of the Gonoeooeus Using
Fure Oultures in Differeht Dilutionas,

326

inn.

Innumereble (overf00)

- i Rilutions
11l l:10 1:100 1:1000
R I '= st . 4 ¥ oy = = —-f r - ™= __a
Protecss Ro. 8 fan. (160800 20 9
Beoto Hemopglobin QBB 8|0 52,5 0 o GnSom , U «Be=Zom,
agay BEiRe mn,.
Douglas Chocolate fan. 45 100 15
{horse blood]l ager ||pia~point|pinepoint| plowpoint | 0.B8,.8
0 to o e
imm, ¢ Som, famm,
Paizey Veal Horse inn, 50 1] a8
Hemoglobin Plesme pinepoing| pin-poing| pinépoint| pinepoint
agar to to to to
1.8 mm, Srmie 2.5 mm, 8.5 mm,
Jrroma s o S e WE
Peizer Vesl Eorsee- ian,. 160 84 20
Hemoglobin sgey rzh;gnzat ym;gaim :tu;zam pia;gout
1.5 mm. Samn , 1.5 mm. 1.5 mm,
T e o e o s ¢ wrm _._" H?l-ﬂi*—_“—-
Plgures indicate numbper of colonies gar plate and
ralative diempters of colonies

—
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being the rcutine stonderd medie, are very close together in
their ability to support growth, Cultures 48 hours old wers
first inooulasted in 1 c.c. 1% proteose peptone and dilutsd from
l:l to 1311000 before being transferred to the culture plate.
In the lowest dilution all plates were sc heavily covered with
colonies that acourste ccunts were impossible. It is of interest
to note, that the 13l dilution on Proteose No. 3 Bacto-Hemoglobin
ager gave oolonies slmost twice ss large as the other plates
in which different sccessories snd dilutions were used.
Colonies on the plates in the higher dilution seriles grew up to
2,5 nmm. in dismeter, showing little or no difference in the
eage with which the medie supported growth.

0f ell the medis used, with the exeeption of Dougles
Chocolate sgar, Proteose Bacto-Hemoglodin No. 3 agar gave the
best results for both primery isolation and secondsry cultivetion.
The oolonies usually were large and wellsepsrated, and sbout
3 mm,‘in diameter. Douglas Chocolste sger, though giving
excellent eand comparable growth, c¢en be discarded in favor
of Protevse No. 3 Baeto Hemoglobin. This is beceuse Hartleys®
Broth is difficult to prepere and keep on hand in the smell
leboratory.

Asoitie fluid can be used in medie in verylng quentities
ihan,nm other mesns of enrichment are aveilable. Since it has
no formed elements, clear medis cen be obtained, but, in oup
hands, this enrichment did not yisld consistent resulis and the

media stasined readily with the oxidese reagent. Colonies grew



Table XI
Growth end Colony Sizes of the Gonoooecus Using

Different Medis and Enriching Substances

33¢

Medium
~and Colony Size
Enriehment ‘ '
Protecse No., § agax (E‘sc)
with Baoto Hemoglobin 0 +5~2 , o,
Protecse No, 3 ager (RH.S5.)
100,0. ascites/100c. medium 0 8-) mm,
Proteose Noc. ¥ agar {gan}
2 ¢.0. Paote Hemoglobin/plate 8.0-3,5mm.
Proteose No. & agear ‘&tﬁ‘} Pin~point
2 0.0, asolites/plate to 1.5m.
Douglas Chooolate agar Pinepoint
2 0.0, horse dlood/ plate %o 1.5mm,.
Douglas sgar
20.0, ascites/ plate ———— e
Dougles ager Pin-polnt
2 c.¢. Baoto Hemoglobin/plete to 6.1lmm.
Peizer Veal agar * Pin-point
horse hemoglobin-serum 10 L.5mn,
Peizer Veal Agar * Pin-point
horse hegoglobin to 1 .5mm.




TABLE XI (continued)

B3l

Medium
and : Colony Size
inrichments

Veal Infusion ager ) Pip-point

horse hemoglodis-serum to 1 mm.
-f
Veal Infusion sgar Pin~point

hemoglobin %0 1 mm,
Brain Veal agar Pin-point
2 g.¢, Bacto Bmglahin/plu%i to 1 mm.
Brain Vesl agar

2 c.0, Q“it‘l/ plate i o o R
Hgart Infusion sgar

2 ¢o. Bacto Hemoglobin/ plate e ————
Heart Infusion asgar

2 0.0, aseitie ﬂ‘uiﬂ/‘ plate PO p————.
North Gelatin eger

2 e.e. Bacto Hemoglobin/plate 0s1=0 ,6mm,
‘Rorth Gelatin ager

2 o.0. socites/plate PEOT——

8.8,

in.a.} indicstes doublss trength agar

indtestes single atrength ag

Resul$s indicsted, but media not usaa routinely
2 o.0, of anriohment used with 10 c.c. of medium

t0 give a 20% medium
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up to 1 mm. in size when ascitie fluld wes used in equel pro-
portions with Proteose No, 3 aegar (double strength), but they
wers oligutly larger wnen £ c.¢, of ascitic fluld was used in
the single strength ager. With Douglaes Chocolate asgar, using
8 ¢u04 of escitie fluid, no growth was obtained; Bacto Brain
Veal agar, Bacto Heart Infusion sgar, and Bacto Norths' Gelatine
agar with sscoitie fluid gave no growth,

Douglas Chocolate ager plates made by edding 10% des
ribrinated horse blocd and hesting at 85 G,{other bloods serve
as well), gave results comperable to the Proteose No. 5 Baoto
Hemoglobin agar (double strength). Baoto Hamoglobin is equally
patisfactory in other media where a blood enriclment is called
for, |

On Pelzers' Veal Horse<Hemoglobin-Plasma agar, ocolonies
grew up %o 1.5 sm, in diemeter, but this medium was not svailable
in quantity. The hemoglodbin plesma mixture has no adventage
over the ctler blood enrichments used.

Gonogoccus colonies up to 1 mm, in diameter developsd on

Bacto Brain Vesl agar to whieh 2 ¢,0., of Bacto Hemoglobin had

been asdded, but feiled %o grow on this medium when escitie fluld

wes substituted for the Baoto Hemoglobin.

Heart Infusion Beoto Hemoglobin agar proved to be une
satisfactory., We have not determined whether the fault lies
in the medium or the enrichment substance used.

NHorth Gelatin Bacto Hemoglobin agar gave colonies up to

0.0 mm. in diemeter, while ascitic fluld added to this basic
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medis feiled to sayyart growth,
Norths' Gelatin Bacto Hemoglobin ager w111 support growth,
tut it does not messurs up to the standerds set by the Proteose

To., 3 Bacto Hemoglobin agar.

Growth-promoting effects of blood chercooal The blood chareoel
ager plates were made from Proteose No, 3 eger (double strength),

by adding equel guantities of a 1:200 or 11400 aqueous suspension
of chercoel to the medium and letting it harden into plates.

When blood was edded, the dry powdered charcosl wes mixed with

it before pouring the plates,

Plates in which the suspension of charsocal was used slone
were pure black; but those to which blood was edded took on a
grayish-black hue,

Most of the plates were not incubeted in containers,
Insteed, wide rubber bends were pleced arocund the outside edge
of the pe%ri dish, sealing it brr, thus meinteining a constant
supply of moisture within the plete.

Due t6 some factor which we heve been unable to determine,
the gornosoccus grew outside of the inoubator at room teniperature,
the plates containing a mixture of Proteose No., 3 ugarltagmﬂhp
gtrength) end charcosl in equeous aalutida. The ¢olonies averaged
praetically the seme size s those grown within the ingubstor el
36.8 ﬁ.v

Golonies grown on Proteose Ne. & Chareoal Baoto Hemoglobin
agar plates, incubated at 3.5 C, veried in size up %o 2 um. in
diemeter. In some instances the colonies hed a grayish tinge



TAELE XIY

stndyAat the Growth Pr@méting
Effeots of Blood Charcoal

{

Medium Accessory Carbon Astivated
Substances Dilution X Charcoal

Protecse No.3 ager|| Bacto Hemoglobin| 1:200 Yes
{Double Strength) blood charcoal

w " ] ® E ] "
Proteose No. Bagar
{8ingle Strength) bloocd charcoal ¥ No
Proteose No. Bagar " o ol v
{Double Strength)

» " Bacto Hemoglobin

blocd eharscoal " Yos

” o S o e vty i Al o e S G B Ho A Pl i Tl e e o i o K R

g . Bacto Hemoglobin| ww-—w= ——————

{control)

L. 1 " 2 ]

e e

Al S i . o
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Temp. of
Incubetion

Oxidase
Tast

Gonditions

of

36.5 C Q.18 - ground gless, | gray 8% co
rm, opeque black =

38.8 © . - . - B No COg

rubber bands|

56.8 € " o gray-vwhite bleok " "

3@ G Gcl*abs . » " -y 5 L
ma.

36‘95’ c ﬂg}- m - [ " w ko 1

3345 o AR RS e e T olgar ] w

38.6 C 0.1=2,5 - ground glass, [reddish| 8% COp
mm. opague brown

36.5 C 0elel,0 - . - & rubber
s . bands

Note: Stogk strasins were

used throughout this experiment.
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rather than the typlesl ground gless appesrsnve, This was due
to g wyerietion of streine or some effect orsated by the charooal,
These streins cheoked mieroscopleelly eand reascted typleally
with the oxidese resgent.

4 point pot heretofore noted in connectlon with the use
of oharcoel, is that even though the medle is black, the oxidase
reagent can he used to detect the presence of the gonoeocous
eolonies, Befors being treated, the colonies are will definesd
end stend out in relief ageinst the black beokeground, but, olose
attention must be peid to the coloy change bevause colonles
can Pe lost through the hlending effect of dye and medium,

The emact nature of *»e eotlon of verbon in the medium
i not ¥pown. It may be dus to e lowering of the oxygen tension,
or to the Pe ntom sesosisted with the hemin complex. This vomplex
may enter into an oxidedionsreduction resction in whiock certain
metadolie profuets of the gonococcus are elimineted, oreeting
more fovorg®le growth conditions.

Some of the serbon wes activated st 1000 C for 1 hour
in the mu™fle furnsce defore it was uaed, As far os we couid
detarmine, the sotivetion hed 1ittle effect on the colony
growth, The orgenisms grew ss will on the inmetivated as on
the sotiveted. ¥e found that specisl medis to be used with ag-
oespory substences were not necessary. Xn most instaences, the
sddition of the eocsssory to & simple, welletested medium, will
yield ss pood resulits es the spesial medium,
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The fsct that the gonososcus will grow on = medium %o
whiek blood chercoal hes been sdded seems to indicate thet,
in blood, the growt: factors furrished may not be dus so muck
to the bBlood itself es to some getiveting prineiple in the
blood whieh sets up a series of reactions which are beneficial
%o the growth of the crgenism.

In our experiments the gonoecoccus feiled o grow on the
Proteose No. 3 agsr in the absence of sny enrichments. The
growth on the controls (Proteose Ne. & Bacto Hemoglobin sgar)
dirfered to no notleeable extent from the growth on she eharcoal
plates,

Colonies grew with equal fecility on plates whioch wers
incubated in COp end on those incubatad withous COz. The COp

4n tnis instance evidently plays s minor role in eolony

development.

Study of the bacteriostatic effects of certain aniline dyes on

the orgenisms eccompanying the gonococcus in the mele end few

nele genito-urinery syatem, Nile Blue A, Crystel Violet,

end Besi¢ Fuchsin were added to Proteose No. 3 ager and North
Gelatin Bactoc Hemoglobin and ascitic fluid were used as en-
riokir; substances. The dyes were added so dilutions renging
from 1:25,000 to 1:100,000 were obtained. Materisl odtained
from the olinic was plated out on the media and incubsated in a
10% COp tenéian for 48 hours. The plates were checked for

eclonies of the gonoscocens with the oxidase reegent and amears
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were made of all colonles to deternine which werse Grem positive
and negative.

The gonococcus grows in the presence of the dyes used,
snd in the verying concentrations. @ram positive orgenisms
gre inhibited o & considerasble degree. None of the dyes
used appesr to be inhidbitory for Sireptecoccus viridens which
is a frequently eccompanying orgenism, In some instances yeast
and certain gram positive becilll were not inhibited. There
wes no noticeable inhibition of Uram negative organisms,

 This pertiouler phase of our work, the study of the
aotion of dyes, was cut short owing to the soarcity of positive
meterial from the olinic.

These experiments were cerried out with the available
ﬁateyislzend the results seem to indicste thet there are other
dyes in sddition to Nile Blue A whioh can be incorporated in
medie and used to inhibit Grem positive orgenlisme tending to
over grow ths gonocooous, |

The results with Nile Blue i d1d not come up to our
expectations. COrystal Violet and Basic Puchsin seem to be as
setisfactory if not better then Nile Blue 4 in their inbibitory
action.

‘The following tebles present our findings as thus far
gcompleted. The specimens used in these tests were from patients
undergoing sulfethiazloe therapy and ir many instances no
gonoococci were present, The accompanying organisms will be

designated as @rum.nagativa or Grem positive bacillus,
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Study of the Inhibltory Action of File Blue 4,
Crystal Violet, end Besic Fuchsin onthe
Conteminents Accompanying the Gonocococus

Proteose No. 3 Bacto Hemoglobin agar.

¥ 1]
Dilution ge8s | Cols Inhibitiagl Inhibition | Organisms
gols, | Size | of g.0. for Gm. 4 | Prsent
Control - - - v Cm ¥, bae.
S. viridang
[ Crystel Violet
1:%00,000 - - - none for 8. virideang
S« viridans
1:50,000 2 o5 - o w
noe
1:25,000 g2 B.S - " ®
156409
Basio Fuchsin
1:100,000 -—- - — none for Gml Cm. =
pos, bao. bao.
gpreader
1:50,000 3 2.8 e none for SViridens
mm, 8., viridans
1:25,000 2 2rm., - " .
+
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T e T i
Dilution gs+8. |Col, |Inhibition |Inhibition fPrOrgensims
cols, |Size |of g.0. . Gm P Present
<. L~

Nile Blue =
pone ror

l:16868 — et e Gm 4 bao. Om.= bac,
spreader Gm. + bao,)

1:8338 1 lom. - none for Se viridens
8, viridens

L:4168 3 lnm, - none for 8., aursusi
S.Viridens |s%. viridaér
Staph

Proteuse Ne, 3 agar with ascitis fluild was totally

unsatisfactory in the above experiment.

The only orgensim

that geve satisfactory growth on it were Staph., aureus, a

gram positive bescillus, and e grem positive cocco-bacillus,

Viridans did4 not grow on the ascitio-protecse YNo.

binetion.

¥ com-
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stephylococcus, ete¢. The degree of colony inhibition will be

noted on the charts.

Obs 8 on the o ¢ reactio Both the dimethyl snd
tetramethyl compounds were used, Owipg to the Soxiclty of the
dimethyl compound its ﬁae was dilscontipued in favar of the tetrae~
mathyl which was less toxic. One persent agueocus solutions were
used. The tetremethyl pera-phenylene diemine hydrochloride

tended to be absorbed by most mediums, The steined ares was often
8o derk, that identificetion of colonlies from the purplish-black
beckground wea difficult.

Superiority of culture over smesr methods of diagnosis
Though no date were routinely kept on the superlority of the

culturs over smesr methods of disgnosis, it has been our general
gxperience that the advantages of the oulture method far oute

weighs sny other method of diegnosis thus far presented.



SUMMARY

Many types of media have been proposed for the cultivetion
of the gonooocous, but the greater mumber of these medlis require
gpecial ingreﬁianka and are diffieult to prepare in the small
laboratory.

The question hes arisen as to whether or not the gono-
cocous is constant in its staining reactions and morphologye.
Some investigators ere inclined to believe that Gram positive
variants ooccur. We ere unable to aither deny or verify this
point, but we do beljeve that many of the variants reported
gre contaminants or the results of inoorrect reporting on ime
properly stained specimens.

Temperature has been shown to play en important role in
the inocubation of the gonocoscus, but from our observations
we are inoclined to Aiffer with Neumann{1987} and Winkler(1937)
who elaim that the temperature of both medium and inccnium are
factors in the isoletion and cultivation of this organism,

We sgree with the majority of investigators that the
gonogsoocus is carbondioxidophillie, at least during primary
isolation. The optimum temperature for its cultivaetion is J6.5 C,
though an ogcasional strain is encountered whieh requires e
lower temperature of inoubation.

A solid nedium.with e moist surface is more a&t:araﬂtary
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than a aumiusolid'aadrun.‘& moist surface is not absolutely
necessery, since it has heen shown that the gonococcus will
grow on evlture plates whieh have been exposed to the drying
gotion of room temperatures for periods &8s long as 43 days
without noticeable effect on the growth of the organism,

Asoitio fluid has been recommended as a satisfactory
snriching substence for oulture plates. It hss been our ex-
perienca thet 1% is generally inferior to blood enrieﬁmunta.
In our work the dessiceted Bacto Hemoglobin yielded $he best
results, although most whole bloods were setisfactory. Baeto
Hemoglobin is more convenient to keep on hsnd and prepsrs in
the small laboratory.

Previous investigations have shown that blood is en
excellent acoessory substanee., The mechanism 19?@1?96 in the
production of the growth stimulating factors is not thoroughly
understood. The work of Glass and Kennet (1939) on the action
of blood sherocel added to culture medis in plece of whole
blood seems to indicete that the mechenism is tled up in the
Fe preszent in the hemir nueleus. Jur experiments with blood
eharcoal seem to indicate thet when mixed with Proteose No, 3
agar the growth of the gonosocous is compareble %o growth on
regular Proteose No. 3 Bacto Hemoglobin eger. The cetalytie
agen present is of suffieient strength to give satisfaotory

growth on pletes inoubated at room temperature.
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The aniline dyes, nile blue A, basic fuchsin, and
oryestal violet were added to Protecse Noy, 3 ager and North
Geletin sger in verying dilutions. The gonosocous will grow
in the presense of orystal violet and kasio fuchsin in dilutions
verying from 1:26,000 to 1:200,000, end in the presence of
nile dlue & in diltions from 134200 to 1:16686. The Granm
positive organiems were largely inhibited. This phase of our
work wes prematurely cut short due to a shortege of suiteble
eulture materisl from the clinie.

The only other study of oulture medim, to determine the
most reliable for routine leboratory use, was maede by Mek (1936).
We are inolined to discount portions of his work since several
of the medis he uwsed, ineluding Vedder's starch sgar, heve
gince proven wareliable for routine culture proceedures.

The results of & study of six different standard culture
medis recommended for isoletion end oultivation of the gonocooocus
indicate thet Proteose Ho. 3 Beeto Hemoglobln ager and Douglas
Chooolate ager are the most relieble media avellsble for routine
work. Protecse No, 3 ager is the easiest to prepare and keep
in the laboratory for long periods of time,

The ideal medium iz one whioh is olesr, simple in
composition, and will yield consistent results. This, we believe,
is an impossible combinaetion in the existing culture media
for the gonosoovous. The ﬁazn diffieulties lis 4in the lack of
apn aggessory substence, which when added, will give a ¢lear,
satisfactory medium, and in the staining ection of the oxldase
reagent which often makes it impossible to distinguish between

0
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colony and medium. ; ‘

Of the oxidese reagents used, oaly one, the tetra methyl
p=phenylene diamine hydrochloride proved satisfactory. The
mono= and di-methyl derivetives were too toxie for the gono~
cooous, The stained organisms failed to survive when trans-
planted.

Though no definite dete were kept on the superiority of
culbure over smear methods of disgnosis, it has been our
general experience that the culture method is far superior
%o any other method thus far presanted.

Under the section on experimental work, various lsboratory
methods were presented in illustrated form. This was done
because it was felt that too little emphasis has been placsd
on desoriptive methods in the literature.



CONCLUSIONS
1. The gonoecgous is é@finizexy carbondioxidophillic during
Primary lsolatlon. An optimum temperature of 36,5 C is necessary
for most strains, though en cocasionel strain is encountered

which requires a lower temperature,

£« The tempersture of medie and specimen is not & fector in the
isolation of the gonovoecus. Inoeulations made at room, in-

cubator, or refrigerator temperstures ere equally setisfactory.

3. The gonococcus will grow on a dry, éoisturemrrua surface

provided the plates ere inocubsted in a €D, tension in closed
oontainers. There wers no poticeable varistions between those
colonies grown on moisture free(kept at room temperature rdr

43 days) and on moist plates.

4, Blood ohercosl supplies soms esccessory suitable for the
growth of the gonosooccus. From our obdbservations on the growth
and size of the colonles, it eppears that the ametion iz due
to some catalytic egent contained in the chercoel whioch comes
from the bdlood., This may be due %o the Fe in the Fe-hemin
complex which remaine in the chercoal efter the bloeod has

baen reduveed to the carbon form.

By 4 simplified method of introducing carbon dioxide into
culture Jars was presented, This method and epparstus is
simpler and easier to operate than eny we have worked with.
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6. We have presented methods and proceedures for the inocculation
and oultivetion of the gonocoocus which we feel are simple,

aocurate and wniform.

7« Of all the media and sccessory substances subjeoted to tests,
we found thaet Douglas Chocolate egar (using whole bloods) and
Proteose No. B Baéto Hemoglobin agar gave by far the most don-
sistent rssults. Protecse No. 3 agar proved best for all purposes,
including,genersl oultivetion and isolation of the gonovcooous,
a8 an sgar base for dyes, and with blood chercoal. The dessicated
Proteose No, 3 ager is simple to prepere and keep in the
lsboratory for long periods of time. Douglas egar is diffieult

to prepare and keep on hand. Colonies on Proteose No, 3 Bacto
Hemoglobin agar developed larger end there was less growth of
contaminents than on any other medium tested. We feel that it is
the best medium availeble todey.

8. Three aniline dyes were tested on Proteose No. 3 agar and |

on North Gelatin sger. Nile blue 4, basic fuchsin, and orystal
violet are bacteriostatic to meny Grem positive organisms
aséouiat&ﬁ with the gonocoscus in the male and femsls uro=
genital systems. In concentrations of 1:800,000tc 1:85,000

with orystal violet and basic fuchsin the gonotocous was not
inhibited . Nile blue A in concentrations of 114166 %o 1116686
was not inhibitory to Grem negative orgenisms. Positive specimens
were diffioult to obtain, with the result that this phase of

our investigation could not be completed at this time.
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