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CPTIMAL CARBON DIOXIDE TEMSIONS FOR PRIMARY ISOLATION OF THE
GOXNQOCOCCUS; RESPONSE OF THZ ORGAWISM TO OTHER GASEOUS ENVIRONMENTS

Since the successful cultivation of the gonococcus by E. Bumm in
1885 (1) a vast amount of literature nas appeared on the growth require-
ments and cultivatlion of this organism. Of these observations a com-
paratively small part has deelt with the atmospheric requirements of
gonococci. Until recent yeers renorts on ontimal zagseous environment
nave been contradictory and based, in some instances, on a2 study of a
comparatively few strains,

The growing mass of evidence indlcates that sonococcl are benefited
during primery isolation by an atmosphere enriched with carbon dioxide,
There has grown up among bacteriologists o feeling, based on inconclusive
evidence, thrt to s2chileve ontimal results one must supply a carbon dioxlde
tension of apnroximately ten per cent. The methods in current use for
sunnlyins carbon dioxide enricament undoubtedly give vasrying amounts of

ne cas, snd a study (2) of srowth under carbon dioxide-tensions sup-
plied by various means indicates tant comparable results mey be echieved.

During the course of exneriments on the vizbility of rsonococci under
conditions of transnortotion from patient to lavoratory (3), the writer
used various means of suvnlying carbon dioxide for culture. Thae results
were practicelly the same by two methods which were judged to provide
different amounts of gas. Analyses confirmed our opinisn that the gas
tensiors supolied were considerably different.

With this informetion 2s an impetus, the present study was under-
taken to define more exactly the carbon dioxide reguirements of Zono-
cocel during primary isolntion ~nd, also, to examine the effect of

caseous environments othner than carhon dioxide.
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LITERATURE

Wherry and Oliver (U4) in 1916 called attention to the fact that
the gonococcus-is a partial oxygen-teneion organism. In producing a
partial oxyzen tension they made use of a method employed by an earlier
worker in cultivating Brucella abortus. By means of rubber tubing they
fastened together an szar slant tube on which gonorrheasl material was
inoculated and another slant tube containinec a transfer of B. subtilis.
The gns exchanse between the tubes took place thnrough the cotton plugs.
Wherry and Oliver felt the successful crowth of the gonococcus was due
to the lowering of the oxygen tension by Becillus subtilis. Similar
inoculum unéer astmosnheric conditions failed to yvield growth of gonoeocel.

Durinz an investigation of the cultural requirements of the gono-
coccus, Chapin (5) tested the influence of cerbon dioxide. He felt that
the carbon dioxide tension pnresent in living tissues, which he gave as
five to seven cm. of zercury, was the logical tension to emnloy in
crowing conococci. In isolatine the cocci from urethral exudsate, Chanin
found that 2 carbon dioxide tenslon of apprdximately ten pver cent caused
a more vigorous rrowth ¢f the organisms than normel alr, The gas was
supnlied by treating sodium bicarbonate with sulfuric acld. Chapin
stressed the immortance of a moist atmosphere. He mentioned, in his
brief article, that a cendle had been found to supply sufficient carbon
dioxide for good growth.

Ruediger (6), reporting on the successful recovery of gonococel
from three cases of gonorrheal infection, announced that a vigorous
growth wes obtained by excluding the air from culture tubes by means
of rubber stopners.

Schwartz (7) found, similarly, that excluding air from cul ture tubes
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cave betier results than incubating the gonococei under atmospherie
conditions. By heating the tops of his tubes in the flame before stop-
pering, he secured a reduction in atmospheric pressure of about ten
per cent. He concluded, =lso, that moisture is essentisl for growth.

Rockwell snd Mc¥henn (8) havé been quoted in the literature as
asserting that growth of gonococci is facilitated by the presence of
hydrocen gas. This statement 1s likely to be misleadins unless it is
understood thnt the primsry isolsations of these workers were obtained
in atmosnheres altered by growth of Bacillus subtilis. In studying the
adantation of gonococcl to varicus gaseous environment they found that
cultures isolated under partial oxygen tension grew 1n pure hydrogen
bgt not in carbon dioxlde snd oxygen. After growth for some time under
atmospheres of hydrogen the organisms seemed to become more sensitive
to the inhibiting influence of carbon dloxide and oxygen, but growth
was still excellent under psrtisl tension. They found that when streins
isolated at nartial tension would not grow under pure carbon dloxide
or nure oxygen, they could be sdanted to do so,.

In 1922 Erickson and Albert (9) reported their experiences in
cultivatinge gonococci, Like the earlier workers ther stressed the
importance of moist mediz and molst atmosphere. They tested the methods
described by Wherry snd Cliver and others for producing a reduced oxygen
tension and found no sdvantace over the oxygen tension of normal eilr.
They concluded that the satisfactory results of investigators using
reduced oxygen tension was due to an increased smount of moisture brought
about by the tecnnique employed to exclude air.

In the same year Torrey and Buckell (10) published an account of
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extensive work on the primary isolation of gonococci. Like Erickson
and Albert they found a reduced oxygen tension toc prove in no way
superior to molst air of normal pressure. ZEnrichment of the atmos-
phere with carbon dioxide according to Chapin's method likewise
yielded no better results than normal air.

The introduction of the direct oxidase reaction as an aid in
identifyinz the gonococcus in mixed culture, by lcleoéd, Coates et al,
(11) in 1234, focused the attention of woriters on the general cultural
methods of the English investigaters. Mcleod and his colleagues
endorsed the use of an increased carbon dioxide tension of elght per
cent, incubating their cultures under the enriched carbon dioxide stmos-
phere for 24 hours, followed by incubstion in normsl air for 24 hours.
Tnelr choice of a carbon dioxide tension of eight per cent resulted
from incubating fororrheal material under tensions of four, elght and
slxteen per cent atmospheres of carbon dioxide. 1In & short serles of
specimens, the results anpeared to be best in the middle amount, to
quote the authors. As this aspnroximated the ten per cent recommended
by Chapin it wazs adopted for routine work., According to thelr observa-
tions 0ld stock strains of gonococci were not sided in their‘growth by
cerbon dioxide. The effect of an atmosphere of hydrogen was also tried
on primary culture, in 2 few :.stances, but no worthwhile advantages
were observed,

The observations of lcLeod and his assoclates in regard to ooptimal
atmosnheric conditions sre of interest.

NThe genersl impression left by these observations (those sum-

marized above) is that there are some strains of gonococcus which sre
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favored in their growth at the outset by an atmosphere of raised carbon
dioxlde content. Thls may be due to need for some delicate sdjustment
of reaction which i1s most easily developed in a carbon dioxide atmos-
phere or to the fact that the gonococcus 1s a micro-organism more highly
adapted than most to its gaseous environment and one which, therefore,
grows best et first in a concentratlon of carbon dioxide apmroximating
that which exists in the tissues."

Leshy and Carpenter (12) introduced the methods of McLeod and his
co-worxers to this country with some modifications. They used an in-
genious menometric method of measuring the carbon dioxide supplied by
tank to sesled culture jars. Of 61 strains of gonococci isolated under
a ten per cent carbon dioxlde tension, only 52 grew in a jar in which
the zaseous environment had not been altered. In this series the relas-
tive humnidity in the two culture jars was supposedly the same. Whether
or not the authors tested other concentrations of carbon dioxide before
adopting an enrichment of ten per cent is not indicated.

Soink and Xeefer (13), like Chapin, found that a candle burned in
the culture jar facilitated primery isolation of gonococel.

Christensen snd Schoenlein (2) cultured 122 clinic specimens from
gonorrheal patients in multiple platinge, subjecting each set of plates
to the followlng conditions:

(1) OCarbon dioxide supplied by candle

(2) Carbon dioxide (approx. 10 per cent) suvoplied by placing
moistened oats in the closed contalner.

(3) Carbon dioxide supplied by action of sulfuric acid on sodium
bicarbonate

(4) 8-10 per cent cerbon dioxide sup»lled by tank

(5) Moist air
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The number of strains isolated by the respective methods were:

(1) n (2) 69 (3) 70 (4) 70 (5) 6

They noted also that pure cultures of the gonococcus previously
isolated do not require carbon dioxide for growth.

During the years 1935 and 1936 some interestineg work was published
in Germany on the atmospheric requirements of the gonococcus. Neumann
(14, 15) investizated the sbility of primary strains of gonococel to
grow under aerobic and anserobic conditions, reduced oxysent ension and
increased carbon dioxide tension.,. To obtain anserobic conditions he
used the method of Fortner (15) with slizht modifications. Bacterium
nrodigiosus was the organism used to consume oxygen. The anaeroblc
method wes abandoned after the observation that gonococcus colonies in
tne Fortner vlate attained thelr maximum size inAZh hours, whereas a
strict anaerobe, inoculated along with the gonorrheal materisl, first
became visgible at sbout this time, Neumann ressoned that the gonococel
developed during a period of reduced oxygen tension and ceased growth
when anaerobic conditions were attained. He terméd the anaerobic plate
the "B" plate method.

To obtain reduced oxygen tension, or partial vacuum, Neumann in-
verted the medium-~containing half of » Petrli dish on a glass plate of
13 x 13 cm., dimensions which hed been heated in a flame. The Petri
dish was sesled in place by plasticine., This method he called the "C'
plate method. He determined, by means of a sensltive water manometer,
that a pressure decrease continued in uninoculated "o" plates during
incubation. This decreasse he attributed to the reducing action of the
acar. Reduced oxygen tension in the "C" nlate, therefore, was attained

by heating the glass plates and by action of the medium.
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Por the carbon dioxide enriched, or "D" plate method, Neumsnn
placed an inoculated half of a Petrl dish on an unheated glass plate,
but pushed a plece of dry ice under the dish before molding the plasti-
cine in place. According to the suthor, "The carbon dioxide volume
necessary for gonoccus growth may be about ten per cent. Such a large
volume 1s not necessary, however. Through numerous comperative experi-
ments I have found empirically, without measurement, that a plece of
dry ice the size of a pea suppnlies 211 recuirements. ...with a plece
of dry ice the size of a bean there may develop enough carbon dioxide
to inhibit the growth of gonococeci.!

Using the aerobic, or "AM" plate, the "C" and "D" plate, Neumenn
obtained the following results in a total of 161 strains of gonococci
igoleted: 113 grew seroblically; 30 grew under reduced oxygen tension
and carbon dloxide; 18 grew under carbon dioxide only. However, all
strains grew under carbon dloxide,

Winkler (17) used the technique of Neumann and concluded that there
are serodblc gonococci which grow only on the "A" plates; that there are
gonococel which grow only on the "O" or "D" plates; there are also strains
which can grow on asll plates without regard to oxygen content. The ratio
in which these three grouns of strains exist to one another is sbout
1:1:1. The best methods of cultivating the gonccoccus are normal and
carbon dioxide enriched atmospheres.

Since the work of McLeod, Coates et al (11), there is agreement
among investigators that carbon dioxide enriched atmospheres facilitate
growth of most strains of gonococci. There is agreement, also, that a
percentage of spproximastely ten produces the best results. It is in-

teresting to note why the different workers arrived at that percentage.
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In the case of Chepin (5) who preceded McLeod, the tension of the
carbon dioxide in living tissues influenced his choice. According to
him the tension varies from five to seven cm. of mercury. Eis figures
are at veriance with those of Campbell (18) who determined the cerbon
dioxicde tension in subcutaneous tissue and in the pleural end neritoneal
cavities of men as equivalent to four to five cm. of mercury. In normel
urine of man Campbell found the tensions to be the same. Trangnosed
into nercentsges, tne tensions determined by Carmbell would be from 5.3
to 6.6; tne tension 2s stated by Chenin would be from 6.6 to 9.2 per
cent,

licLeod and nis colleasues cite the work of Chanin and the success-
ful cultivation of Brucells abortus under ten per cent carbon dioxide
as reasons for investigating the effect of this gas. It has been stated
before that these workers fixed on eight ner cent as optimum, after a
short series of commarisons. Leahy and Carnenter (12) investigated the
work of licLeod and adonted ten ner cent as the percentage of choice,
possibl; from unpublisked data. Neumann (14, 15) avparently made no
measurenent of the carbon dioxide furnished in nis "D'" plates but Judged
it to be a2bout ten per cent. It is probable that the work of the fore-
zoins investigsators influenced Yeumann in nemine e ten per cent carbon
dioxide tension as the desirable concentration.

In this country the methods of culture advocsted by Carnenter are
widely used. In his section on "The Gonococcus", "Diagnostic Procedures
and Rescents," 1941 (19), Carpenter advises the use of a carbon dloxide
enriched atmosphere which may be obtained in three ways:

(1) 10 per cent by tank with spnroximate determination of zas
tension by manometer
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(2) By burning a candle in the culture jar bvefore placing on the
114

(3) By use of l\TaHCO3 and H,S0),

One infers that equaliy £ood results may he ohbtained by sll of
these methods.

Since, according to Christensen and Schoenlein (2), the candle
method provides adequate srowth stimuletion of gonococel as well as
eignt to ten mer cent carbon dioxide sumnlied by tank, the logieal first

step in this investication wns the determination of the carbon dioxide

tension sunnlied by candle.

GAS ATALYSES

The culture Jjars used were heavy brass cyvlinders fitted with inlet
and outlet nipples in the lids., The lids were made air-tight by means
of soft rubber gaskets and wing nuts. The crylinders were orisinslly
designed for mocdified Fildes-lacIntosh anaerobic jars, as described by
Cummings (20), but served excellently for gonococcus culture. By test
they were found canable cf holding a partisl vacuum of 4O cm. of mercury
for 48 hours, as measured on a U-tyne oven manometer. The total capa-
city was approximetely six liters.

In preparing tne Jars for test, a "smokeless" candle was placed
in the bottom of the contaliner and lignted. The candle was allowed to
burn five minutes before the jar 1id wes fitted in place. Burning the
candle for varying lenzths of time before putting on the 1id made no
marzed difference in the carbon dioxide content furnished. The Jars
were allowed to stand overnignt or some houre before testing in order
for the gases to come to room temmeratvre. At 20 to 2L degrees

centigrede it was noted thet a vertial vacuum existed in tie candle jars.
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M™is partisl vacuum when measured on the open manoneter was found to
vary between four to seven cm., of mercury.

A modified Henderson-Hnldasne anparatus was used in preliminary
carbon dioxlde and oxygzen determinations, but constent results were
not obtzined with this device. The nossible sources of error snneered
to be due in part to the apparatus and in part to feulty manioulation.
The samnle of ten cc. of gas wnich the Henderson avparstus tests, and
the slow absorption of both carbon dioxide and oxygen by motessium
nydroxide ani alkaline pyrogallol, respectively, are factors which
tend to cause error. After repeated tests with different jars in which
the volumes varied slightly, the sverage nercentages of the gases were
determined as:

Carbon dioxlde 1.75 to 1,85
Oxygen 17.5 to 17.23

It was brought to our attention shortly cfter these preliminary
tests that ¥yve and Lamb (21) hed made determinations of the carbon
dioxide and oxygen content of sealed museun jars in which a candle‘had
been burned. These determinotions were made in the course of study
on the effect of carbon dioxide tension in the primary isolation of
strentococeci, meningococcil and gonococel from wus and body fluids. Mo
mention was made by the authores of the apperatus used in obteining the

following nercentages of gases:
Before Ircubation After 48 hours

Small candle jar (12 x 20 ca.)
per cent carbon dioxide 1.74 1.85
ver cent oxygen 17.87 18,00

Large candle jor (15 x 30 cu.)
per cent carbon dloxide 2.9; 7,08
per cent oxygen 16.76 1€.56
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It will be noted that the carbon dioxide tension determined by Ilye
and Lamb was higher than that obtained by our measurement. The large
candle jar in the above tzble had a capacity of about 5300 ce., while
the jare used in this study varied from 5900 cc. to 6000 ce.

Because of this discremancy in determinations it was decided to

substitute an anneratus using an ascerite train for the KOE absorwtion

bottle of the Henderson-Haldane anslyser.

Flgure 1
The disgram glven above shows the ascarite apparatus with its various
units set up for carbon dioxide determination.
In operation, valve B was ovened and the two—way stopcock"C"
turned to connect the 150 cc. samnle bottle with the candle jar. The

mercury reservoilr was lowered until the mercury in the ssmple bottle
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reached the 150 c.c. mark on the glass shank sesled to the bottom of
the sample bottle. A slight vacuum was then indicated on the open mano-
meter. Calcium chloride solution® was allowed to flow into the candle
Jer until the mercury columns of the manometer were level. Stopcock C
was then turned to connect ;he Sample bottle with the tube leading to
D, 2 bottle of concentrated sulfuric acid.** A two-way stopcock E was
onened to the sir. The mercury reservoir was raised, forcing the gas
in the sample bottle to bubble through the acid in D, Two 150 cc. por—
tions of gas were forced through D before a sample was sent through
the ascarite train. This was done to clean the acid bottle and the
tubing of nrevious gas samles. In sending a gas sampnle through the
train the operstions Jjust described were repested, excent that stop-
cocx T wss turned to connect D with the ascarite bottles F znd G.
The glass valves in F and G were ovened and the gas then forced through
the ascarite. Bottle "F" wss welghed on sn analytical balence and the
increase in weight due to absorntion of carbon dioxide was determined
by subtracting final weight from initial weight. 3Bottle "G" was used
to elirinate absorption of carbon dioxide from air in the test train,
This precaution was felt to be necessary since a partiesl vescuum develoned
in the ascarite bottles,

Calcul~tion of the per cent of carbon dioxide in s sample weas made
by multiplying the weight of carbon dioxlde in grams by the conversion
factor 509. This value in cubic centimeters was divided by 150, the

volume of the sample. Correction for berometric nressure and temmerature

* 40% celcium chloride solution. Carbon dioxide is spnroximately 1/16
as soluble in this solution as in water.
** The gulfuric acid was used to remove moisture from the gas.
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wag made and this value multiplied by 100.

The percentages of carbon dioxide determined by this method were
found to veary slightly, but very close agreement was obtained in

sannles from the same jar. The range was from 2.25 per cent to 2.35,

wlith the average 2.29 per cent.

PLAY 0¥ T STUDY

The concern of workers interested in demonstratinge the effect of
Zaseous environment hns been, cniefly, with the nroblem of how many
strains of gonococel in a serlies of specimens could be isolated under
carbon djoxide, atmospheric air, or other conditions. ¥From the litera-
ture it aprnears that a wide difference exists between the growth-sgtim~
lating properties of carbon dioxide and other gaseous conditions.
Therefore, no close estimnation of the populations maintalned by the
different environments hsas been necessary.

Qur ourvose, as stated st tne beginning of the naner, has been to
define the ootimal limits of carbon dioxide stimulation as well as to
investigate the effect of sases other than carbon dioxide. A plate
count as a means of arriving at the relstive monulation sustained by
different nercenteges of carbon dioxide seemed a necessitr. It was
felt that tils same nmethod of estimation could be extended to the zrowth
of gonococcl under reduced oxyeen tension end other conditlons.

The daifficulty of counting an organism which cannot be treated
by the nour-plete technigue was realized, as well as the nmossible er-
rors of the dilution method. However, our experience in the culture
of the gzonococcus hed taught ue that a count was nossible on surface

platings, and it seemed reasonable to sunmpose tnet any considerable
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difference in population could be detected.

It was realized that to arrive at an estimation of the limitse of
optimal carbon dioxide stimulation a falrly large population of
gonococel uust be present in each specimen. For that reason culture
of acute cases only was planned and carried out.

Tne study resgolved itself into these parts:

Part 1 Comnarison of the effect of atmosnheric eir, reduced
oxyZen tension and carbon dioxide.

Fart Ia Study of the effect of moisture on "aerobic! strains
of conococci.

Fart II Determination of the optimel range of cerbon dioxide
stimuletion.

Part Ila Sffect of carbon dioxide beyond the optimel range.
Part 111 Effect of hydrogen and carbon monoxide commared with
atmosnheric alr, reduced oxyvzen tenslon ané carbon
dioxide.
Part IIIa Effect of nitrogen compered with atmosrheric air, re-
duced oxygen tension and carbon dioxide.
PART I. COMPARISOMN OF THE EZFFECT OF ATVOSPHERIC AIR, REDUCED OXYGENW
TESION AXD CARBOY DIOXIDE
The work of Ieumenn (14, 15) and Winkler (17) demonstrated that
reduced oxygzen tension obtained by partiasl vacuum contributes to the
crowth of some strains of gonococeci. The high moisture content of the
small "C" plates used by these workers may account, in part, for the
success of tnls method over the serobic condition. (It was noted by
Keuman thet in the ovnen incubator gonococci grew better in stormy
weather tnen in clear.) It is nrobable thet s small amount of carbon

dloxide produced by attendant organisms also contribvuted to growth in

the "C" plates.
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Before attempting to define the limits of ontimal carbon-dloxide
stimuilation in this study it wae felt necessary to observe the effect
of reduced oxygen tension, since this condition necesssrily accompsnies
enrichmnent with carbon dioxide; also it was desireable to learn the
effect of molsture, since a higher moigture content is present in the
closed containers than in the open incubator.

It was Judged thet incubation under the following conditions would
permit 2 comparison of the effect of reduced oxyzen tenslon and carbon
dioxide tension:

Carbon dioxide, ten ner cent, sunnlied by tanlk.

Partiel vacuum equel to nine cm. of mercury on an onen manometer.,
(This reduced oxycsen tension is equivalent to the lowered
tension created by introducing ten ver cent carbon dioxide
into 2 culture jrr by the nenometeric method of neagurement. )

Carbon dioxide, 2.29% per cent, furnished by burning 2 candle in
an alr-tight contalner,

Partial vescuw: epusl to seven cm. of mercury on en Open‘manometer.
(It was observed that 2 partial vacuum varying from four to
seven cm. of mercury was created by the burnins of a candle
in a closed jar. The mean of these figures plus the 1.5 cm.
(spprox.) of mercury, representins 2 per cent carbon dioxide,
equals seven cm.)

Carbon dioxide furnished by burning 2 cendle in a conteiner whose

nressure cane to equilibrium with atmosnheric air.

Atmospheric alr.

METHODS

The description of materials, and technique wnich follows sponlles,
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for the most pnart, to the entire studv. Where a method applies only

to Part I, mention has been made of the fact.

MEDIA

The chocolate ager of Difco was used a2s the nlate medium. The

ingredients for the ager base were:
Proteose Pentone #3.......0000000....2.0 pET cent
Bacto-dextrose..iceresrervecscesseneaa0.05 per cent
Sodium chloridecescveceaccnesess.esa0ab per cent
Disodium phosphateieceeecccaccacosesa0.5 ner cent

Two crrams of Bacto-hemoglobin, a dehydrated product from washed
beef blood corpuscles, were dissolved in 100 cc. of distilled water at
50° C. Tne pertial solution wee filtered through cosrse moistened
cheesecloth to remove undissolved narticles and then sutoclaved for 20
minutes st 121° C.

The acer base and sterile solution of hemoglobin were cooled to
50-55° C. and mixed. Pletes were poured wlth this mixture, apnroxi-
mately 20 cc. to the nlate.

The chocolate agar -Hletes were always vprepered on the day they were
to be inoculated. It was felt that the moist plates more than commen-
sated for occasional contaminents introduced during prevaration.

Dilution medium: A sterile two per cent solution of nroteose-peptone #3

and 0.5 per cent sodium chloride were used in all dilutions of the ori-
ginal inoculum suspension. The pH of this solution was 7.3.

Collection medium: Sterile sscitic fluid, undiluted, was adjusted to a

nE of enproximetely 5.2 by bubbling Carbon dloxide gas through it. The
fluld was distributed in 2 cc. smounts in sterile 3 x 3/8" tubes and

the tubes were rubbher-stopvered.
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Collection Swabs: These were the usual absorbent cotton swabs rolled

tightly on wooden applicator sticks. The amount of cotton was about
one-fourth that used in the ordinary throat swab. It was possible with

a small swab to enter the male anterior urethre without brushing the

surface of the glans venis.

Collection of specimens:

With the exception of one snecimen the material wes obtained from
male natients at the Venereal Disease Clinic maintmined by the Detroit
Depertment of Health, Detroit, Michigen., In order to obtain a moderate
to larege noonulation of gonocoecl in each specimen, exudate was taken
from acute ceases only. Male cases of gonorrhea were selected since it
is vossible to isolate nearly nure cul tures of gonococci from the exudate;
in the material from a female the vaginal flora frequently overgrows the
zonococcl and makes an enumeration of the nopulation impossible.

Collection of svecimens was made by the author in the male diagc-
nostic clinic. After a diasnosis of "acute conorrhea' was oronounced by
the examining physicien, exudate was obtalned from the patient by cotton
swab and the swab washed off in the collection medium of aseltic fluid.
™e swab was carefully pressed to the sides of the tube, then discarded.
The tube was labelled with the patient's clinic number and stoonered.
From the Clinic Laboretory results of slide examination on exudate from
each patient were obtained. Only snecimens from ecute cases in which a
laboratory report of "Gram negative extra- or intra-cellular diplococcl
found" were retained for culture. The snecimen tubes were nacked for
trensportation in » large thermos bottle containing cracked 1ice,

Since trensportation from the Venereal Disesse Clinic in Detrolt

to the laboratory in Lansing involved a drive of two and a half hours,
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the iced thermos bottle was found to be a necessity in preventing over-
growth of secondery organisms in the collection fluid. This was par-
ticularly true in summer weather. Often a time interval of six hours
elansed from the taklng of specimens to inoculation of plates. However,
the number of secondary organisms in a2 specimen was ususlly smzll and
the bacteries were lept in a nearly static condition.

o effort was made to check on the loss in gonococcus nonulation
in snecimens transported under these conditiocns. A loss occurred, un-
doubtedly, but the original number of organisms in practicelly all
snecimens was sufficiently great to insure a count after culture.

Dilution and Inoculation of Specimens:

Some indication of the dilutions to be made on & particuler speci-
men were obitzined from observation of the number of orgsnlsms present
in smears exsmined at the clinic. A snecimen whose smear was heavy
with gonococei was diluted more than one which showed & few organisms
per field. Specimens heavy with gram-positive cocei or bacilli vere
seldom cultured. Occasionally observation of smears was not possible
and only the results of microsconic examination could be obtained.

It was found by experiment thet the followins range of dilutions
would make nossible a2 count on practically all svecimens:

Direct inoculation from collection fluld.........Cel cc. iroculum

1-10 A31UtioN.veeecccrorcsccensesscscnsscsssssseslel cce inoculum

1=20 AilUtioNeeeceverecscccscesanescssasssnssssseesQel cce inoculum

1=100 GilUti0N.eecessoeccsascsssncsossssasssasssaslel cce inoculum

1200 AilUtioNecececsesecscossssssassransenssssaseCel ccoa inoculum

In most cases U.1 cc. inoculum direct anéd from 2 1-100 dilution

were sufficient to obtain a snarse ronuletion for counts. The aim not
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always echieved, was to secure plates in some dilution with a count
less then 150,

Beceuse of mucous threade snd pus cells nresent in the exudate,
the collection fluld had to be sheken vigorously to insure an even
distribution of organisms and extraneous matter. Dilutions were made
s follows, since the collection fluid was 2 cc. or less:

0.% cc. (c.f.) + U.5 cc. of diluent 1-10

[}

0.2 cc. (c.f.) + 3.8 cec. of diluent = 1=20

0.1 cc. (c.f.) + 9.9 cc. of diluent = 1-100

4 ce, (1-100 dilution) =+ 4 cc. of diluent = 1-200
Only one set of dilutions was made per specimen. Tnerefore, plates of
a 1-100 dilution, for example, to be incubated under various atmospheric
conditions were inoculated from the same dilution tube. Inoculation
of a series of plates was mede with a 1 cc. ninette graduated in tenths.

It was found thet sterile bent glase rods gave a satisfactory

snread of material. o difficult; was experlenced in covering the

entire surface of the slightly woist nlates with O.1 ce, inoculum,

PROVISIOL FOR DIFTERINT AT.OSPIERIC CONDITIONS, Part I

Plotees to be incubsted mernbically were nlaced in a large gless
desiccator whose ton was pushed slightly to one side to allow exchange
of sir. Pive hundred cc. of wzter were placed in the botton compart-
ment ordinarily occupied by the desiccant. A Taylor "Zumidiguide”
which had been calibrated acainst wet and dry buldb thermometers waos
vsed to test the atmosnhere in thls container. On reveated tests the
relntive numidity was indicated as 60 to 70 per cent.

Plates to be incubated under partial vacuum or carbon dioxide were
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placed in the brass jars described under "gas analysis." One hundred
fifty ecc to two nundred cc. of water was placed in wide-mouthed
bottles in each of the contalners. IXo measurement was made of the
relative humidity in the closed jers; however, from the large amount
of condensation which wes vigible on the inner sides and tops of the
jars following incubation, it is probable that the moisture concentre-—
tion was close to saturation,
One Jjar was enriched witih ten ner cent cerbon dioxide by the method
deseribed by Leany and Carnenter (12). £y means of rubber tubing a
tank of medical carbon dioxide, & mercury onen U-tube tyme of manometer,
the culture Jer and the vacuum line were connected to esach other in
the order named. Alr was evacuected from the Jjer until tne pnressure
was reduced by nine cm. of mnercury (removal of approximately 12 per cent
of aif). Carbon dioxide was allowed to flow into tae jar until the
manometer reading was 1.5 cm, below astmospheric nressure. The partial
vacuuwa of 1.5 cm. allowed for gas expansion at ilancubator temperature.
Two jars were nartially evacuated until the nressures on the U-tube
monone ter were, respectively, nine and seven cm. of mercury below that
of atmesnneric air,
Candles were nlaced in two jrrs, the csndles lizhted and allowed
to burn five minvtes before the Jjar lids were clamned in nlace, One
jar wes air-tight and tnhe other had a2 slow leak zround the rubber gasket
wnich permitted a gradusl adjustaent of pressure eouilibrium with the
outside nir. Both jars were tested on the mrnometer after incubation.
A nartisl vacuun of four to seven cm. of mercury could elways be demon—

strated on the air-tight conteiner.




Incubation temperature., Throughout the study a1l cultures were incu-—

bated for spproximately U& hours at = temperature varyling from 35 to
25% C., nccording to the temperature limits sdvised by Carpenter (19).
Fluctuations in temnerature were marked by a recording thermometer,

and a check wos mede at iIntervels with = mercury thermometer.

ZXALIVATION OF THZZ PLATES FOLLOWILLG ITICUBATION
Annroxiately 49 zours after inccul=tion of the nlates, the jers
were onened 2nd the nlotes exonmined fgr sonococeus colonies., Crowth
usurl iy consisted rearly exclusively of conver, transnesrent colonies
wvith undulated margins, tiynical of the onococcus. Colonie

—
S5 O

ur

or.anisus were relatively few =nd these were ususlly stanhvlococci,
~reen~nroducir: strentococci or coliform beacteris. Proteus was encoun—

o

tered on a few nlrertes.

All plates were sprayed by o DeVilbiss "atomizer" with » 1 ner cent
soluation of nara-nnino-dinethylesniline monochydrochloride (Fostmen).
Yxecess dve solution wee dreined from the vnlates.

Trnis dye cowmnonent in tie presence of tie oxidase of the zonococcus
nroduces & nink colony. On furtuher oxidation the color becomes meroon
aud finally bleck, The sneed of tle color chenge is not constant with
different strains of gonococc: but the shift from nink to maroon to
black usually taxes nlece within 12 to 15 minutes with 211 strains.
Orgenisms in a colony are viasble 2t the pink stage but non-visble wihen
oxidation of the dre is comnlete. The dyve does not interfere with
gubsecuent Ores stains. The direct oxidesse reesction witn nera=-smino—
diethyl-aniline monohydrochloride ie not neculiar to the gonococcus

but is giver bv tne whole llelsserles senus, 2s well as Heumonhilus
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influenzae, certain gram-onositive diplobscllll, the cholers vibrio and
members of the alkaligenes groun (11, 12, 19). Gronzu (22) mentions
colonies of certain diphtheroid-like organisms which give an oxidese-
nositive resaction. The color of the colony after oxidation is a chalxy,
craylsh bleck., Orgrmnisms similer to these were found in this study but
were easily differentiated from gonococcus ~rowth.

L granm staln was made of two oxldsase-ypositive colonies on each
nlorte selected for counting. The preparations were examined under the
nicroscope for gram-negative, coffee-bean-shened dinlococci.

A count was mede of tynical oxidase-positive colonies on plates
wnich had been determined by macroscopic examinetion of the coloniles
and cram stain to contain gonococci. Wherever possible a count was
made of every nlate in a dilution series, provided the growth was not
crowded. Crowded nlates with a count above 200 were considered "in-
nuwnerable if nisher dilutions in the same serles were countable, It
is nossible that occasional colonies of bacterie other than gonococci
were counted by thnis all-inclusive method. However, from the very few
stained slide prevarations which contelned other orgenisms than gram—
necrtive dinlococci, it is nrobable that errors of this kind were few.
Cornenter's experience would lesd us to believe that the occurrence of
any other Meisseria than the gonococcus in cultures from the male
urethra is rare. According to him (19), "It is significent that during
the nine-vear meriod the author hess mede cultures of gonococcus, only
three cultures of eisseris otner than gonococcus hnve been recovered
from tne lower birta censl =nd from the fenito-urinary tract of nen,"

~

Jecentlv Jornenter neos ned to smend thet statenent somewhat., Cnrnenter
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and Charles (23) have reported isolation of meningococci from the genito-
urinsary tract of seven patients with clinical symptoms of gonorrhea.
These strains are the first to be revorted in the literature from such

o source, and it is felt by the authors that thelr occurrence is rare.

Comnarison of Counts (lethods)

Tre figures in Table 1 are taiten from counts made on cultures one,

two, and four (7-31-U41) and are representative of the results in Port I,
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"o effort was mede in totalling the counts to arrive at the number of
organisms grown from 1.0 cc. of inoculuwn, 2s the conventionrl count is

made from poured plates. A comparison of numbers only was sought in

whatever dilution permitted a comparison. For exsmple, the comparative

count was easlly obtainred from Culture #1. The number of gonococci
observed on the various "direct" nlates wes taken as representative of
the reaction of Culture #1 to different atmospheric conditions. The
numbers 4, 98, 15, 90, 18, and 21 were assigned to the resnective condi-
tions.

A comperative count for Culture %2 was more difficult. The seroble
growth was zero; growth on the three carbon dioxide conditions could be
commared resdily; & comparison of the counts on the partial vacuum
plates was easily made. However, a commarison of "partisl vacuum" counts
end those on the carbon dioxide plates could be made only by approximating
the "innumerable" carbon dioxide nlate from its count on a higher dilution.

A commaretive count for culture four was easily made since the

organignms grew under carbon dioxide only. Comparison could dbe obtalned

on the 1-10 dilution plates.
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Results of Part I

Cut of some eighty cultures which srew under one or more of the
conditions recorded in Table two, 68 were sultable for counting. Of
the 68 strains considered, all grew under ten per cent carbon dioxide
and 67 grew under carbon dioxide supplied by candle in an alr-tight
container. The one strain which grew under ten per cent carbon diocxide
end not under "candle" was from a clinical case of gonorrhea. Intracel-
lular sran-negative diplococcil were present on a slide taken at the
tine exudste wes obtained from the notient for culture. Two oxldase-

positive colonles only were present on the culture nlates.
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Only 58 strains develoned in the "onen" contalner in which a candle
had been burned. It wes honed thet this condition in which carbon
dioxide was present, but no partisl vacuum, would indicate the part
vlayed by the four to seven cm. partial vacuum pnresent in an sir-ticht
cendle jar. The results were inconclusive, since 1t is nrobable that
loss of carbon dioxide tnroush gas exchnsnre was resnonsible for the
comnaratively nmoor results of the "onen" conteiner, rather thman heirht-
ensd oxyzen tension,

Better results were obtained under nartisl vacuum than by aerobdbic
incubation. The number of strains isolated under the former condition
was creecter by only four than the number srown aercblcelly, but the
difference in ponulation was considerasble.

Cn the second line of the table =are recorded the comparetive nonu~
lations of 38 sgtrains wihich zrew nmerotically 2nd under all. of the other
corditions. The comnarison hass been made in nercentaces to facilitate

its resdincs. Tne total vopnulation oLtained under ten per cent carbon

dioxide has been given the arbitrarv velue of 100, sirnce zrowth was
best under tnis condition. The rercentase values of the other counts
were obtained, of course, by di#iding the total counts of 3% strains
zrown aerobvically, etc., by the totrl count obtalned under ten ver cent
carbon dioxide =2nd multinlying by 100. It will be noted that growth
stizulation b;r the various conditions was in the following descending
order: ten per cent carbon dloxide, candle in a2ir-tizsnt contaliner,
candle in "onen" contsiner, nartial vecuuwa 7 cm., partisl vacuun 9 cn.,
serobic condition. The difference between the growth sunnorted by the

first two conditions snd the lest four was very great.
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On line three a comparison is made of 42 strains which grew under
reduced oxygen tension, ten ver cent carbon dloxide, snd carbon dioxide
furnished by candle in the alr-tizsht container. Again the populstion
under‘t;n per cent carbon dioxide was grestest, with the candle suonnly-
ing nearly the same growth stimulstion. Growth under reduced oxygen
tension was less by nearly 70 per cent than that producsd under carbon
dioxide.

Finally a comparison is made of the growth obtained under ten per
cant cerbon dioxide and the condle in "closed" container. A reversal
of the nrevious order will be noted. Probebly due to the chence of
random sempling, crowth was greater for 67 strains under csnéle condi-

tions than for 68 streins under ten ner cent carbon dioxide.

PART IA
The poor growth of gonococecl under the aerobic condition in the
preceding experiment may be attributed in part to atmosphere and in
part to the moisture concentration vf that atmosphere. In an effort
to detecrmine the effect of molisture, 2 serles of speclimens was cultured
in duplicate under the following conditions:
(1) The aerobic condition of Part I, relative humidity GO-70
per cent
(2) Atmospheric air in a closed container, relative humidity
approximately 100 ner cent
(3) Ten per cent carbon dioxide, supnlied by tank, relative
humidity anproximetely 100 per cent
The carbon dioxide atmosphere was included only for purposes of

comnarison. It was recognized that the conditions of (2) could not be
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called true aeroblosls, since growth of gonococci and any secondary
orgenlsms in the specimens would slter the carbon dioxide and oxygen
tensions. However, in a large container this effect is probably small
and obtains in any of the carbon dioxide enriched or reduced oxygen
tension conditions.

A total of 24 specimens were cultured, 13 of which were zerobic.
The 13 strains are considered in Table 3. Durnlicate platings were made
of undiluted and diluted collectlion fluld under each condition. The
inoculum consisted of 0.1 cc. of undiluted collection fluld and 0.1 cc.
of 2 1-100 dilution. Counts on the duplicate plates were made wnenever

growth was sufficiently sparse for a count,
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With 211 13 strains of gonococci a greater population was obtained
in the saturated atmosphere than in the 60-70 per cent relative humidity.
The effect of molsture snparentlyv varied with the strain. ¥or example,
with culture #1 the growth wes many times creater under = saturated
atmosphere than under H0=-70 ner cent relative humidity. With culture %8
the crowth was not msrkedly different under the two conditions.

Zven though the 137 strains were serovic, the rrowth wos in every
ingstance gresoter under carbon dioxlde thmn on the rseroblc nlates. If
further confirmation of the beneficlial effect of carbon dioxide were

needed, this nrotocol would ennear to sun~ly 1t..

PART II. CPTIMAL LIMITS OF CAHBCYW DIOYIDE STIIULATION

The results in Part I corresrond to those of Charistensen end
Schoenlein (2) in thet the number of strains of gonococci isolated under
carbon dloxide supnlied by candle is avout the same as the number isola-
ted under ten ver cent carbon dioxide. In our exmeriment the amount of
crowth obteined by both nethods was practically the same. It would
annear, tanerefore, that one may sunnly carbon diloxlde in vercentages
varyinz from ebout two to ten per cent and expect growth to be the same
under all tensions.

In en experiment to define the optimsl limits of carbon dioxide
stimuletion, two per cent carbon dioxide sunrlied by tank was chosen as
the smallest amount of gas to be tested and 22 ner cent wes selected os
trhe maximum. ZEnrichment by corbon dioxide of the sasme or slishtly less
tension than that suvplied by candle was felt desirable, since other
sases than carbon dioxide esre nroduced by burning of s candle, parti-

cularlv carbon monoxide, Twenty-two ner cent carbon dioxide was chosen
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as the maximum tension simply as a convenient limit for preliminary tests.

The following atmosnheric conditions were provided:

(1)

(2)

(3)

(8)

Atmosnheric alr in open container similar to that used for
seroblc growth in Part I. Relative humidity, 60-70 per cent.

Carbon dioxide supnlied by candle in an air-tight container.
Relative humlidity ennroximately 100 per cent.

Carbon dioxide, two per cent supplied by tank., Relative
humidity annroximately 100 ner cent.

Carbon dioxide, six per cent supnlied by tanx., Relative
humidity epnroximately 100 per cent.

Carbon dioxide, 10 per cent supplieé by tank, Ielstive
humidity avnroximately 100 ner cent.

Carbon dioxide 14 ner cent sunplied by tank. Relative humidity
approximately 100 per cent.

Carbon dioxide, 18 per cent sunplied by tank., Relative
humnidity approximately 100 ner cent.

Carbon dioxide, 22 per cent supplied by tank. ZXRelative
humidity ennroximstely 100 per cent.

Measurement of the carbon dioxide supplied by tank was by the maro-

metric method described under "Methods." Calculation of the amount of air

to evacuate from the jars was made as follows:

For a final 14 per cent enrichment of carbon dioxide, for example:

Air was evacuated until the nressure was reduced by 12 cm. of mercury:

760 mm. x 0.14 = 106 mm. or 19.6 cm.
10.6 cm. + 1.5 cm. (vartisl vacuum to provide
for expansion) = 12.1 cm.

then gas was allowed to flow in until the msnometer reading was 1.5 cm.

below atmospheric pressure.

3as analyses were made on jars filled by this method with amounts of

cerbon dioxide varving from two to 22 ver cent. ¥o correctlons were made

for normal temnerature snd pressure at the time of fillinz. The analyses

demonstrated that the s2ctual emount of gas present varied eas much as 0.5

to 1.0 per cent from the calculated amount. This was not felt to be a

¢
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gserious error, since a wide range of carbon dloxide tension was under test;
furthermore, a difference of four per cent existed between each condition.
The methods and technique of Part I were employed. A single set of
dilutions was made from each specimen. Iight plates were inoculasted
directly from the collection fluld with 0.1 cc. inoculum, and eight
nlates were inoculated from each of the dllutiona. The duplicate plates
were marked with specimen number, dilution and atmospheric condition
and placeéd in their respective jars.
The plates after examinstion for zonococcil were counted ss in Part I.

A comparative count only was sought. The results are tabulated in Table L,
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A surprising uniformity will be noted in the total counts and the
number of strains grown under the following conditioﬁs: "Candle", six
per cent carbon dioxide, ten per cent carbon dioxide, 1lU4 per cent carbon
dioxide, and 18 per cent carbon dioxide. At the extrewes, unizr otros—
nvheres of two per cent and 22 per cent carbon dloxide, the count was
less than under the other carbon dioxide tensions. Growth under the
aecrobic condition was so much less than on duplicate plates grown uncéer
carbon dioxlide that no attemmt was made to arrive at a comparison in
populetion. Tne heaviest growth wess obtained on plates incubated 1in
WCandle," 2nd ten ner cent carbon dloxide atmospheres, nrobably due to
chance in sarmrling. Only thirty-one strains were isolsted under ten
per cent carbon dioxide, yet the tctal =srowth was greater than in plates
incubated under any other carbon dioxlde tensions but that nrovided by
candle.

Wnetner or not any significance might be sttached to the lower counts
obtaired under two per cent carbon dicoxlide and 22 ner cent carbon dioxide
could be determined only by furtner culture work, It was decided that a
wider raenge of carbon dioxide tensions might aid in indicating at what
teneion inhibition ocecurs 2nd stinul=tion ceeses.

Tor the second series of Pert II, the following condlitionc were

nrovided:

(1) Atmospheric eir in an onen container similsr to that used for
merobic growth in Part I. ZAelative humidity, 60 to 7O per cent,

(2) Carbon dioxide supvlied by candle in en nair-tight container.
Relrtive humidity asmoroximstely 100 ner cent.

(2) Carbon dioxide, two per cent supplied by tank. Zelntive
hunidity esnoroximately 100 ner cent.

(4) Carbon dioxide, six ver cent surplied by tank. Relrtive
numidity apoproximately 100 per cent.
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(5) Carbon dioxide, 10 per cent supplied by tank. Relative
humidity approximstely 100 per cent.

(6) Carbon dioxide, 14 per cent supplied by tank. Relative
humidity approximately 100 per cent

(7) Carbon dicxide, 18 per cent supplied by tenk. Relative
humidity anproximately 100 per cent.

(8) Carbon dioxide, 22 per cent supvlied by tank. Relative
humidi ty anmoroximastely 100 per cent.

(9) Carbon dioxide, 26 ver cent supplied by tenk. Relative
humidity annroximately 100 per cent.

(10) Carbon dioxide, 30 vper cent supplied by tank., Relative
humidity sporoximately 100 per cent.

In the second series, 27 strains of gonococcl were countable on

some or all of the plates. The results are clven in Table 5.
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Aerobic growth, as ususl, was conslderably less than growth under
carbon dioxide., Only 1lU of the 27 strains under consideration grew
aerobically.

As in the preceding series, falrly uniform results were ootained

under "candle," & per cent carbon dloxide, 10 per cent carbon dioxide,




- 35 -
14 per cent carbon dioxide, and 18 per cent carbon dioxide. The relation-
shinp of the varlous counts expressed in percentages is as follows:

Carbon dioxide, 10 ner cent...coevvenene .+100 ner cent

"Candle",.........

CEE K A R BN 2R X B BN B R 2P BN B S EY B A BE I I 3 ) 96

Carbon dioxide, A ner cent.iveeeeeeees..

LK B ql*
Carbon dioxide, 18 ner centicveiece.os a3

L] LI )

Carbon dioxide, 14 ver centececeeveeree... &9

Cerbon dioxide, 2 per centeverceeeveeeesoe 85
Cerbon dioxide, 22 per centeeeeeeeeenens ee 19
Carbon dioxide, 26 mer cenNteceeeneos... eeo 65

Carbon dioxide, 20 per ceNteveeeeeeeees.oe 02

Maximam growth siimulation wes obtained with carbon dioxide ten-
sions rengsinz from 2.3 to 13 per cent (with the inclusion of the "candle!
condition). Wnile 27 strains crew under 22 per cent carbon dioxide it
will be noted that the nopulatlon obtained under this condition was con-
siderably less than that of the condition below it in the serles, 18 ner
cent carbon dioxide., It would apnear that in this series, »s In series
1, stimulsation of gonococci decressed somewhat sbove the tenslon of 18
per cent carbon dioxide and the decline was sufficiently marked to be
determined by nlate count at » tension of 22 ver cent carbon dioxice,
Tre decline in growti stimulation, or increase in inhibltion, was even

rore marked under 26 and 30 ner cent carborn dioxide.

Wilson (24) nas nointed out thet to obtain a smell distribution

error in the nlate count method, & dilution giving tae vroper nunber of
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colonies ver nlate (100-LCO) must be svailable in order to minimize
crowding of colonles and error in sampling.

Wilson's observation, while anplicable to moured nletes in which
the major portion of the erowth is subsurfece, is difficult to apply
to the surface-nlating method used in this study. Tue size of the
individuel gonococcue colony ranres from 0.5 mm. to 2,0 mm. and some
crowdinz occurs with 2 count above 150. 'When the count is above 200,
considerable crowdins takes plece and an smowroximation only can he mede.

In the cormerison expériments of Part II, and throuchout this
study, dilutions have beern made with the intention of nroviding nlates
with counts of 150 or less: first to nermit easy countine, secondly
to vermit recognition of trnical colonies. In about 70 per cent of
the counts the number of coclonies ner nlate has been 150 or less; fre-
auently the number has bteen less than 100,

Wilson and Kullman {25) determined thst further reduction of dis-
tribution error msy be mede by providing a sufficient number of dunli-
cate nlates, three to five.

It wes recognized by us that the single nlate count is subject to
errors, yet sufficiently accurate to detect fairly wide differences in
population. In order to test the validity of the indications obtained
by the single nlate count s to optimal range of carbon dloxide stirm-
lation, an exneriment was made in which the significent atmosnheric
conditions of Part II were repested and five duvlicate vlates were
inoculated for each ccndition.

mhe exudates from six cases of acute monorrhea were cul tured under

tne followinz conditions:
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Carbon dioxide, 2 per cent, supplied by tank

Cerbon dioxide, 10 per cent, supplied by tank

Carbon dloxide, 18 per cent, supplied by tank

Carbon dioxide, 22 ner cent, supplied by tank

Exudates from six other cases of acute gonorrhes were cultured

under:

Carbon dioxlde, 2 per cent, supplied by tank

Carbon dioxide, 10 per cent, suonlied by tank

Carbon dioxide, 18 per cent, supplied by tank

Carbon dloxide, 22 per cent, sunplied by tank

Carbon dioxide, 30 per cent, supplied by tank

The relative humidity in each culture Jjar was close to saturation.
Ags In nrevious experiments one set of dilutions was made from esch
snecimen to eliminate errors which might arise from using a series of
similar dilutions. VWith 11 specimens a 1:20 and 1:100 dilution were
made; with one snecimen direct inocwlum from the collection fluid and
1:20 diluvtion were utilized. A total of 20 nlates was inoculated from
erch dilution tube, or the collection fluid, and the inoculum spread
by =lass rod.
In Table © the average of the counts from five nlates is recorded

under each condition. The figures given are the average of the count
in one dilution only, in seven instances the 1:100 dilution, in five

instences the 1:20 dilution.



In the above table, series 3, the total counts and percentage com-

varisons indicate that six cultures of gonococci grew uniformly under two

per cent, ten per cent, and 18 per cent carbon dloxide. Growth was con-

siderably less under 22 per cent carbon dioxide then under the other tensions.




The six cultures considered in Table 6, series 4, grew best under
18 per cent carbon dioxide and 10 per cent carbon dioxide. A decided

dron in populstion occurred under two per cent and 22 per cent carbon

dioxide. The drop in population was even more nronounced under 30 ver

cent carbon dioxide. These results follow closely those obtained with

tne single-plate counts.

A commarison of the percentage relationships between the total
counts obtsined by the single-plate and five-pvlete count methods orings

cut clenrly agreement snd discrensncy. The comnarison is given in

Teble 7.

An examination of Table 7 will reveal that, with one excention, the
counts obtained by single-nlate technique were confirmed by the five-

vlate method. The exception will be found in Table 6, series 3, under
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two per cent carbon dioxide. Growth under two per cent cerbon dioxide
slightly exceeded in this one series growth under ten ver cent and 18
per cent carbon dioxlde. There are several vossible explanations for
this excention.

1. PFor the six cultures in this series, two ver cent carbon

dicxide represented the ontimun stwospheric condition.

2. ZErrors in ssmwling raised the count.

X« The concentration of carben dioxide gas in the culture jars

was grester than two per cent.

Of the three nossibilities we mre inclined to favor the last.

Gas snalyses esteblished that carbon dioxlde concentrations veried

as much #s 0.5 to 1,0 ver cent when the culture jars were filled by tank,
While this difference would not be serious in the higher ranges of six
and 18 ner cent carbon dioxide, an error of 0.5 to 1.0 per cent might
affect considerably the crowth-nromoting aualities of a concentration
enproaching the lower 1limit of the ontimel =zone.

The evidence in series 1, 2 and 4, Part II indlcates thot two per
cent carbon dioxide enrichment is below the optimum, while the data of
Parte I and II indicate that the concentration of carbon dloxide fur-
nished by candle is within the zone of ontimsl growth stimulation. If
we accent, tentatively, the idea that growth stimuletion by & cendle
burned in en air-tight container is due to carbon dioxide gas alone
(excenting the factor of moisture), it is evidert that the lower limit
of the onmtimel zone of carbon dioxide stirmlation for zonococcl is
anproximately 2.3 ver cent. The evidence in Part II, series 1, 2 and 3,

is that the unper limit of the optimal zone 1s some nlrce between a
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concentration of 18 per cent and 22 per cent carbon dioxide. It is
obvious that the optimum concentration is not limited to a definite

percentage of carbon dioxide, but may be obtained over a fairly wide

zone of carbon dioxide enrichment.

PART Ile. EFFECT OF CARBOW DIOXIDE BEYOND THE OPTIMAL RANGE

Valley and Rettger (2€) in studying the influence of carbon dioxide
on badteria demonstrated that certain bacteria, such as L. acidophilus,
were beneflted by carbon dioxide 1In percentages as high as 25 to 30

ver cent. Vigorous and resistant bacteria, such as Becterium aerogenes

and Staphylococcus aureus, grew well 1n an atmosphere of 95 to 97 per

cent carbon diloxide on both plaln nutrient agar and highly buffered agar.

Cohen end Fleming (27) demonstrated that primary cultivation of
the meningococcus was enhanced by carbon dioxide enrichment. The opti-
mam concentration varied from ten to 30 per cent carboh dioxidé. depend—d
ing upon the strain. With 50 to 75 per cent carbon dioxlde the growth
was scant.

It was felt of interest to determine the reaction of gonococel in
primary growth to carbon dioxide in vercentaces above the ootimum
concentration.

In this experiment the chocolate aser ermmloyed in the nrevious
worlk wes used. Culture was mede, as usurl, from gonorrheel discharges
of mezle patients.

The percentaces of carbon dioxide tested and other data are
supplied in Teble 8. The averace size of the colonles has been inserted

beneath the colony count of four strains.
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RESULTS OF PART 1la,

The three cul tures of series 1, Table 8, grew over the entire range
of carbon dioxide concentrations, from two per cent to 50 per cent. The
drop in populstion above a carbon dloxide concentration of 22 per cent
was not sbrupt, and, except in the case of culture %7, the growth under
50 mer cent carbon dioxide wae one-third to one-fourth as great as under

the "candle"” condition. The sverage colony size as shown in cultures 1
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and 2, changed from & maximum of 1.5 mm. under two ner cent carbon
dloxide to an average of 0.5 nm, under 40 per cent carbon dioxigde.
Under a concentration of 50 ner cent carbon dioxide the colonles were
less than 0.5 mm, in dismeter, but distinct. The blackening of nin-
noint colonies due to the oxidase reaction was as sharn 2g that of
the lerger colonies.

Before dye was nlaced on the nloates, transfers were mrde from the
40 ner cent cerbon dioxide nlate of culture 1 to fresh chocolate mgar.
Trensfers were also mede from the 40 ner cent and 50 ner cent carbon
dioxide vlates of culture 2. Tune organisms :rew luxuriantly when
incubated under "candle." They were mornholosically tinicel in enpear-
ance and fermented dextrose only when srown in single sugars.

Gram stains were mnde of five colonies from the 1:100 dilution of
each condition ("cancdle," 2 per cent, 10 wer cent, 1k ner cent carbon
dioxlde, etc.) of culture 1. The zsronm negetive dinlococeil zrown under
the "ecendle" »nd two mer cent carbon dioxide were tynical coffee-bean~-
shaned organisms, regular in shane. Orgsnlsms from the 10 ner cent
carbon dioxide nlates were for the most vart regular in shnne, but a
few bizarre forms were nresent, These were irregular in shape, fre-
quently trisngular, and readily differentiated frow the "balloon" forms
of ronococci freouently encountered in Uf=hour cultures grown rerobi-
cally or under low concentration of cerbor dioxiée. The bizarre forms
were nresent in greater numbers in stelns made from nlates grown under
high concentrations of carbon dioxide. In stains made from the 20, LO,
end 50 ner cent carbon dioxide nlates ro regsular dinlocccel cculd be

distinuished.
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In Series 2, culture Y4 failed to grow sbove a concentration of
18 per cent carbon dioxide. Cultures 5 and 6 reacted differently to
the maximum concentration of carbon dioxide. A sharp dron occurred
in the growth of culture 5 above 50 ner cent carbon dioxide, while
cul ture 6 grew well under = 60 per cent enrichment. The everage
colony size of cultures 5 and 6 decreased nrogresslvely under increas-—
iny concentrations of cartorn dioxide.

In Series %, the meximun concentration was increased to 70 per cent
carbon dioxide. lione of the cultures of Series 3 produced colonies
urnder the nmeximum concentration of gas which could be seen with the
unalded ere. 1o growth could be seen under the low-power objective of
the microsceone s2:zainest the dark background of the nlates. However,

lilen dye was snrayed on the nlates minute black specks apneared which
simulated the distribution nattern of colonies. Stalned preparations
were of no aid in determining whethier or not organisms were nresent,
for no distinct bizarre or other forms could be distinguished.

Cultures & and 9, like Culture 6, epparently were resistant to the
effects of 60 per cent carbon dioxide., Cultures 10 and 11 were inhibited.

It would apnear a reasonsble assumpntion from the data in Table &
that gonococci will grow moderately well under high concentrations of
carvon dioxide. A few strains in the short series tested grew under a
concentration of 60 per cent carbon dioxide. There is an indicetion
that strains of gonococci vary in thelr resistance to carbon dioxide in
hirh concentrations.

PART III. EFFICT OF GASTS OTH=R Tii CAZBCIT DICXIDI Cl Thz GROWTH OF
3Q1CCCCI

So far as we hrve been able to discover, tae effect of gases other
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than cerbon dioxide on the growth of gonococci has been tried only by
Rockwell and McKann (8) end McLeod and nis associntes (11). Reference
has been made before to these experiments. It was mentioned that
Rockwell and McKann studied the adantation of gonococeci to various
gaseous environments after the strains were isolated under reduced oxycen
tension., They found such strains grew under pure hydrogen but not under
carbon dloxide or oxygen. Strains isolated under partinal oxyzen tension
wnichn would not grow under pure cerbon dioxide or nure oxygen could be
adapted to do so. licLeod and nls colleagues were influenced to try the
effect of hydrogen on primery growth of gonococci from the renmorts of
Hockwell and licKann. o adventages were observed from the use of
hydrogen.

As final experiments in tais study, it was felt desirable to try
the effect of hydrogen, casrbon nmonoxide, and nitrogen. Hvdrogen was
selected for test because the details of its use by licLeod are unknown.
Carbon monoxide was included in the experiments since it undoubtedly is
formed in smell quentity by the burnin.: of » candle in a closed container.
Fitrocen wes included since it exlste 1In the largest nercentage of ony
zas in air, and its effect on the srowi:r of gonococci has never been
renorted. The effect of oxygen was not tested because the cul tural
exneriments of many workers heve cemonstrated tre micro~ceronhilic re—
quirements of tne gonococcus.

In the first experiment the followinz atmos-heric conditions were
nrovided:

(1) Atmosrneric air in 2 closed container., Helstive humidity

approximetely 100 per cent.

(2) Reduced c:itrzen tension obtained by a nertial vacuw:n egusl to
nine cu. of mercur: on tlhe onen manometer. Relstive hamidity
annroximatel;r 100 ner cent.
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(3) Carbon monoxide, annroximately 10 per cent. Relative
humidity aprroximately 100 per cent.

(4) Hydrogen, 10 per cent, supplied by tank. Relative humidity
approximately 100 per cent.

(5) Carbon dioxide, 10 per cent, supplied by tank. Relative
hunidity approximately 100 per cent.

Carbon monoxide was furnished by the cction of concentrated sul-
furic acid on sodium formate. A simple generator was made by securing
the shank of a separatory funnel in the neck of a side-arm flask by
means of a one-~hole rubber stopver. Acld was placed in the funnel and
sodium formate in the flask. The sulfuric acid was allowed to drip
onto the sodlum formate from the shank of the funnel at 2 constant rate.
Gss from the generator was permitted to flow through rubber tubing
connections for twenty minutes before an opoen U-tube manometer and the
culture Jjar were connected. The carbon monoxide gas renlaced ten per
cent of alr which hesd been removed by vacuum pump from the culture jar.

Ten per cent concentrations of cerbon monoxide and hydrogen were
supnlied to correspond with a ner cent of cerbon dioxide from the onti-
mam zone of carbon diloxide stinulation., It wes reslized that ten per
cent carbon monoxide or hydrocen sas aisht vpe consldernsdbly above or
Lelow the nossible ontimum concentrations of these zeses. In thls 2nd
the followine exnerinmeunts an indlecation only was sourht of inhibitive
or srowth-promotinz nroperties of carbon monoxide end hydrogzen, as well
as nitrogen,

M™wo chocolate arsar nlates were inoculated directly from collection

fluid and two from a dilution tube for each condition.




Thus for each strain and each atmosnheric condition, a total of four
plates was inoculeted. In Teble 9, therefore, the significant counts

are given in duplicate for nine strains of gonococel.

RESULTS OF S=ZRICS 1
Fron the counts of Table 9 the atmosnheric conditions may be
crouned together, or singly, eccording to the srowth stimulation afforded.
In ascendins order they sre!
(1) Aerodbic, reduced oxygen tension, hydrogen = noorest growth
(2) Carbon monoxidesesecesses.....Detter growth than (1)

(3) Carbon dioxlde.....ecesv+.s..obest growth
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condltions 1isted, except in the case of Culture 5 which grew under
hydrogen only. |

Carbon monoxide definitely was superior to the gaseous conditions
of group (1) and very nesrly on a par with carbon dioxide. OCulture #1,
however, grew luxuriantly under carbon dioxide and sparsely under

carbon monoxide., Culture #*7 grew only under carbon dloxide.

SERIES 2

It apneared from the limited data of Table 9 that carbon monoxide
zas provides a stimulus for growth of gonococcl greaster than that of
noist air.

Such evidence could not be accepted, of course, without ruling out
the nossibility that traces of carbon dioxide in the gas from the
generator provided growth stimul-tion rather than carbon monoxide. 4
second series of specimens was cultured, therefore, under the condi-
tions of Series 1, with the difference thot carbon monoxide gas wes
budbbled through a coluan of LO ner cent notassium hydroxide solution
containing nyrozallol, A total of sixteen stirains of gonococci were
cul tured. Duplicate nlatinss were made »s in Series 1, The nleate

counts of this series are vnresented in Table 10,

RESULTS OF SAIES 2
The grouving of atmospheric conditions in Series 2, sccording
to tne growth stimulstion afforded by them, hnd to be modified from
te order given in Series 1, From the data of Table 10, the relation—-

ship was as follows:




(1) Aerobic conditioNeescsesecessess..n0O0OTest growth

(2) Reduced oxygen tension, carbon monoxlde, and hydrocen
00...‘.ooo---o.o‘ao-.nolnOl.l.hoobbetter growth than (1)

(3) Carbon d10x1d8.eevceeecsoccessas..best growth

"Mith the excentions of cultures 7 and 13, the growth of gonococecl
under reduced oxveen tension, carbon monoxide, and hydrogen was screater
then under the aerobic condition. Culture 2 feiled to srow eerobically
but did grow under the three conditions of Group (2).

Pour strains (1, 8, 9, and 1L) grew under carbon dioxide but did

not srow under other atmosnheres. 'With nearly all cultures, the




nopulation under carbon dioxide was greater than under other conditions.
The surprising growth stimulation caused by carbon monoxide for

the dultures of Series 1 was not provided by carbon monoxide bubbled

through potassium hydroxide. It is highly vrobable that carbon dioxide

was present in gas produced by removal of water from sodium formate by

sulfuric acid.

From this short series there seems little evidence that carbon
monoxide and hydrogen in ten per cent concentrations provide any ad-
ventages for culture of gonococcl that is not furnished by reduced
oxyzen tenslon procduced by partial vacuum. Yo deleterious effects could
be detected from thelr use. Since better growth developed under carbon
monoxide and hydrogen than under the aerobic condition, it is probable

that any velue the gases nosgsess in culture of gonococel is in their

use for nroduction of a reduced oxygen tenslon.

PART I1la. THE EFFECT OF NITROGEW CX GROWTH OF GONOCOCCI
The experiment on the effect of nitrogen did not follow the plan
of Part III. The gsseous conditions were somewhat differeat than in

Series 1 end 2 of Part III, since Part IIIa was subordinate to another

study.
The followins atmosnheric donditions were nrovided:
(1) Atmospheric air. ZIelatlve mumidity 60=70 ner cent.

(2) Reduced oxysen tension nrovided by e partial vacuua of
ten cm., of mercury (oven mencmeter)., HRelative humidity
annroximntely 100 per cent.

(3) witrogen 10 ner cent, sunnlied by tank, Heletlve humidity
aoproximately 100 ner cent.

(4) Cerbon dioxide 10 mer cent, supnlied by tank. =elative
humidity svnroximately 100 ner cent.



(5) Carbon dioxide supplied by candle. Relative humidlty
approxinmaetely 100 per cent.

Single nlates only were inoculated in this experiment for esch
strain and dilution under the resnective atmospheric ccnditions. The
results are presented in Teble 11 by the same plate count method used

in orevious tabulations.
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RESULTS OF PART IIla
It is possible from the counts of Table 11 to groun the atmos-

pherlc condltions of the experiment in the following order according

to the growth stimulsation nroduced:

(1) Aerobic & NitrogeN.iee.esesecseresassssono0rest growth

(2) Reduced oxyzen tensioNeeeeeesesss......better growth than (1)

(2) Carbon dioxide 10 per cent,"candle"....hest growth

It will be noted that desplte the differences in moisture content
‘of tne aeroblc #nd nitrorgen conditions, ¢rowth under the two was
practically the same, with the excention of culture 5 which grew well
under nitrozen and noorly 1n ailr,

All cultures srew better under reduced oxygen tension than in air
or in air enriched wita nitrogen.

The best crowth occurred under ten ner cent cerbon dioxide and
carbon dioxide sumnlied by cendle,

Wo indication is seen from this experiment thet nitrosen in ten
per cent concentration is beneficial to the primery srowth of sonococel.
By indirect evidence there is some indication that thls seuount of =zas
of fords less crowth than eir saturated with molsture, since ~rowth in
an etmosphere only vertially moistened afforded srowth equal to that

of niltrogen.
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DISCUSSION

Christiansen and Schoenlein (2) have shown that a candle burned
in a closed contailner provides an environment for the gonococcus quite
as favorable as ten per cent carbon dioxide supplied by tenk. It is
believed by some (28) that the candle supnplies apnroximetely 10 per
cent carbon dioxide; thnerefore, its efficacy ig the same as 2 measured
amount of gas.

By gas analysis it was shown in this study that apnroximotely 2.3
per cent carbon dioxide is formed by the burning of e candle in a
closed contaliner of six liters canacity. This vercentage is slizhtly
lower than that ziven by Iye and Lamb (21) for s» container of 1like size.

Confirmation of the observations of Christiansen and Schoenlein is
siven in Part I of this thesls where it was shown by culture of speci-
mens fron acute cases of gonorrhes that the "candle" environment is
the equal of an atmosnhere enriched with ten per cent carbon dioxide.
ot only were the number of sitrasins of gonococcl precticslly the sane
but the poovulations sucteined by both atmospheres were found by count
to be neerly tne ssme,

Two conditions of partisl vacuum providing reduced oxygen tenslons
equivalent to tnose nroduced by ten per cent carbon dioxide enrichment
end the "cancdle' were found to be inferior to carbon dioxide for growth
stimulsation. 1ot only in Part I but throughout the study, wherever
the conditions of reduced oxygen tension and cnrbon dioxide were com-
pered, no straln grew under reduced oxyecen tencion (pertial vecuum)

thet did not grow under carbon diloxide. On the other hand,anproximately
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25 per cent more strains were isolated under carbon dioxide than under
reduced oxygen tension.

In Pert I the aerobic condition was found to be inferior to the
"candle" and ten per cent corbon dioxide condltions. It is true that
the relatlve humidity of the serobic environment was less than that
nrovided in the crrbon dioxide cul ture jars. ™his inequnlity in
noisture content was nurnosely 2djusted, for it wes desired that the
nserobic condltion renroduce the atmosnhere ond humidity of the aversace
Incubator. Where » condition of nmoisture wes wrovided in the serobic
method equa) to thet in » carbon dioxide culture jar, a2s shown in
Teble %, the carvon dioxide method was superior, even though the com-
parison was made with aerobic strains. XNo strain srew aeroblcelly
that did not srow under carbon dioxide in any of the experiments of
the thesis.

The effect of noisture on smerobic streins of the sonococcus 1is
strikingly illustrated in Teble 2. In some instances rrowth was 10
or more times sreater under a saturated atmosnhere than under a2 rela-
tive numidity of 60 to 70 per cent.

A comparison of the efficacy of rcerobic and reduced oxyren ten-
sion (vertial vacuum) environments for growing the corococcus can
scarcely be made from the material in this thesis, since the relative
numidity was different when a lesrge number of specimens were cul tured
in duplicate. In Tables 9 and 10 where commarison is merde of aercbic
condition and reduced oxygen tension, with the relative hunidity the
seme, there is a suggzestion that reduced oxvgen tension will orovide

the butter growth.
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A nlate count was valusble in all the experiments undertaken,
but the technioue was, without doubt, a necessity in determining the
limits of optimal carbon dioxide stimulstion. Prover dilution of the
original specimen and adequate distribution of inoculum were required
to obtain plates sultable for counting. Bent glass rods were the
best.means found for securing an even spread of organisms.

In Part I it was demonstrated by culture of 68 strains that the
gonococcus grows egually well under etmosnheres enriched with 2.3 per
cent and ten per cent carbon dioxide. In Part II, by culture of 60
straing of gonococci, evidence was nresented to show that growth occurs
equally well over an even wider zone of carbon dioxide concentrations.
The lower limits of tils zone are between two and 2.3 per cent and the
upper limits from 18 to 22 ner cent.

TUntil the sactual nature of cerbon dioxide stimulstion of the
gonococcus is known, it is felt that setting definite limits upon the
optimal zone must be done with ceution. If, »s Valley and Rettger
believe (26), the effect of cerbon dioxide is beneficlial to micro-
organisms so lonz as the nH of tne medium remasins constant, e medium
nighly buffered, containing non-toxic buffers, misht supvort luxuri-
ant crowth of gonococecil under nigh concentrations of cerbon dioxide.
It is necessary to snecify, tnerefore, thot the ontimal limits es-
tablisned in this thesis were done with the substrate known as
"chocolate!" egar, Difco.

It is felt thnat the establishment of the zone of ontimum crowth

of the gonococcus under carooi dioxide will be of more than theoreticsel
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interest. Medical bacteriologlsts esccent almost slavishly the dictum
that nrimary cul ture.. srow best under ten wer cent of the gas. Certain
workers in the writer's experience have been discouraged from attempt~
ing cultural work in the belief that methods of sunnlylng carbon dioxide
are too exacting for the average bacteriologist. While ten ver cent, or
thereabout, 1s still the concentration of choice, since it is in the
niddle of the optimal zone, measurenment need not be exsct if gas is %o
be supplied by tank. For routine culture the candle is to be nreferred
to time-consuming measurenent of gas by menometer.

It 1s not surprisins tnat gonococel are able to grow well, if not
luxurisntly, under 30 and even LO pner cent of carbon dioxide. Since
the ontimel zorne is fairly wide, one would expect a gradual increase
in the inhibitive effect of the gas above this zone, rather than an
abrupt cessation of growth in vercentazes of gas immediately sbove 18
to 22 ner cent. Thne data of Table & on rrowth under hign concentrations
of mas lend indirect sunport to Part II.

feither hyédrocgen, nitrogen, nor carbon monoxide in ten per cent
concentrations showed any evidence of stimuloting erowth of gonococeil.
As stated in Part III, carbon monoxide was tested to discover if this
ecas contributed to srowth stimulstion in a candle jer. The exneriment
does not entirely snswer the auestion, since the concentrotion of car-
bon monoxide in the tests was undoubtedly far ereater than the amount
nresent in a candle jsr. However, since carbon monoxide is not a nor-
nal constituent of air and is not essential to bacterial netabolisn,
as is carbon dloxide, 1t is nrobable that thls inert as does not con-

trivute to growth,
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SUMIMARY
By gas anelysis 1t was established that aporoximately 2.7 per cent
of carbon dioxide is furnished by burning a candle

in a closed

container of six liters cepacity. Tnis percentage is slichtly less

than thrt stated by Nye and Lamb.

By plate count of strains from acute male cases of zonorrhea, 1t
was found that ecual growt: of gonococei occurs in a jar in wnich
2 candle furnishes carbon dioxide and in a jar whose stmosvhere is
enriched with ten per cent carbon dioxide. This confirns the.
cbservetions of Christisnsen ané Scroenleln.

Ar increase in atmogpneric molsture content wes fournd to stimulete
crowth of =aerobic strains of the ~onococcus considersatly.

In 211 the experiments in wnich a commerison was nsde of the
efficacy of atmospheric air, reduced oxygsen tension onroduced by
nartiel voacuum, and alr reinforced with carbon dioxide, tne latter
condition was found to produce the best crowth of gonococci.
Primary strains of thne conococcus were found to grow equally well
on "ecuocclete" asar in a zone of carbon dioxide enrichment with

e lower linit between two 2nd 2,2 ner cent snd en uopner limit
between 15 end 22 per cent.

A moderate gcrowtrh of gonococci was obtained in nercentsges of
carbon dioxide as nigh as LO ner cent. Tne mornnology of the
organism was considerably changed by growtn under nish concentre-
tions of tnis gas.

Hvdrosen, c¢srbon monoxide, and nitrogen reses ir concentrations of
10 per cent in &ir do not contridute crowth stinmulestion to

sonococcei,

i
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