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ABSTRACT 

Growth and survival of clinical isolates of Neisseria gonor

rhoeae were observed under conditions of primary isolation and trans

port. Depressed pO^ was shown to render Type I gonococcal strains 

identical in colonial morphology to Type II strains. Colony counts of 

Type I strains increased at low pO^, while the reverse effect was noted 

for Type II strains. Carbon dioxide was shown to be a growth-promoting 

factor for the gonoccoccus only in the first one-third to one-half of a 

48-hr incubation period. Absence of CO^ in the early part of the 

growth cycle was lethal to a majority of gonococci within the inoculum 

population. The protective effect of CC^ was observed at 24 C as well 

as 36 C. Sodium bicarbonate was shown to be fully as protective as CC^ 

during transport. All conditions of primary isolation were monitored 

with both chocolate agar and Thayer-Martin medium. The latter was 

shown to depress gonococcal colony count an average 337o under optimal 

isolation conditions (air reinforced with 10% CC^) and 40-507o under 

suboptimal growth conditions. 

Primary isolates were repeatedly subcultured to measure loss of 

strain morphology and physiology as laboratory adaptation occurred. 

Isolates subcultured three times or less were deemed to respond com

parably to primary isolates. 

An enrichment broth was designed to increase the ratio of gono

cocci to the urogenital contaminants commonly overgrowing clinical 

vii 
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specimens. Heart Infusion Broth (Difco) was enriched with hemoglobin, 

NaHCO^, and Supplement B (Difco). Inhibitors employed were crystal 

violet (1:1,400,000) and vancomy cin-colimycin-ny statin at one-third the 

concentration used in Thayer-Martin medium. Pre-incubation of suspen

sions of the gonococcus and Proteus vulgaris. Staphylococcus epidermi-

dis. Candida albicans, Escherichia coli, and Lactobacillus acidophilus 

allowed recovery of the gonococcus when commensal concentration was 

much higher than when the mixture was plated directly on Thayer-Martin 

medium. 



INTRODUCTION 

In the past decade there has been a vast increase in the inci

dence of gonorrhea in the United States and the rest of the world (l). 

Speculation as to the cause of the current pandemic has centered in 

part around changes in sexual mores of the population as a whole. 

There is no indisputable evidence, however, that there is any change in 

the social-sexual behavior of the population (2). This fact forces the 

investigator to consider more traditional epidemiologic causes for the 

heavy upsweep in venereal disease morbidity. Studies in both Great 

Britain (3) and the United States (4) agree as to some of the causes of 

the current gonorrhea pandemic. First among these is the lack of an ac 

curate serological test for the diganosis of gonorrhea. As a conse

quence of the failure of current serological technology to diagnose 

gonorrhea accurately, reliance must be placed instead on laboratory cul 

tivation of the bacterium. This necessity runs afoul of the gonococcus 

notorious fastidiousness and the organism's inability to survive trans

port from the venereal disease clinic or physician's office where the 

specimen is collected to the laboratory. Massive contamination by 

naturally occurring urogenital flora further complicates the problem of 

gonococcal cultivation, particularly in specimens from females. The 

individual (either female or male) who has a latent infection and is 

therefore a "silent carrier" perhaps poses the greatest challenge in 

diagnosis. Gradual increase in gonococcal resistance to commonly 

1 
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employed chemotheraputic. agents is also unquestionably a factor con

tributing to increasing difficulty in controlling gonorrhea. 

Following is a review of the various conditions affecting sur

vival and recovery of the gonococcus from clinical specimens as well as 

a summary of current treatment regimens for gonorrhea. 

Laboratory Diagnosis of Gonorrhea 

Direct cultivation of Neisseria gonorrhoeae from clinical spec

imens submitted to the public health laboratory generally results, at 

the present time, in the greatest number of positive ?. sol i-es (5). 

This is particularly true of specimens derived from females. 

When direct cultivation of the gonoccocus is undesirable (as, 

for example, when transport conditions are very unfavorable) or when 

massive screening programs are being carried out, diagnosis of gonor

rhea has been attempted by methods other than direct culture. Princi

pal among these methods have been the observation of Gram-stained 

smears on slides for intracellular Gram-negative diplococci (5) and the 

use of fluorescent antibody to the gonococcus in detecting intracellu

lar diplococci present in smears on glass slides. The accuracy of di

rect observation of Gram-stained smears is limited by the inability to 

differentiate Neisseria gonorrhoeae from saprophytic Neisseria as well 

as Mima and Herellea which may be present on the slide. False decolor-

ization during Gram staining of organisms belonging to the family 

Micrococcaceae also renders accurate diagnosis difficult by this method. 

Fluorescent antibody techniques also possess limited accuracy in the 

diagnosis of gonorrhea. One limitation to this technique is the chance 



of missing individual pairs of gonococci when only a few are present on 

the slide (6). Perhaps more serious, however, is the immunological 

cross reactivity between the gonococcus and Neisseria rneningidi ti s (5, 

7-9). Also noted has been cross reactivity between the gonococcus and 

some staphylococci. These cross reactions prevent definitive separa

tion of these bacteria when they occur in the stained smear. Other 

serological techniques (e.g., precipitin tests for gonococcal antibod

ies in patients' sera) are also rendered inaccurate by the gonococcal 

cross reactivity with the meningococcus. One final difficulty encoun

tered in fluorescent antibody work is the nonspecific staining of 

macrophage cytoplasm, making the phagocitized gonococci difficult to 

see. Pretreatment of slides with such dyes as flazo orange has been 

only partially successful in combating this background staining (5). 

Chemotherapy in the Treatment of Gonorrhea 
and Its Complications 

Since penicillin was made commercially available in the 1940s, 

it has been recognized as the drug of choice in the treatment of gonor

rhea. However, considerable evidence is accumulating that penicillin 

is becoming less efficatious in the control of gonorrhea. Clinical re

lapse from inadequate penicillin chemotherapy is a well-recognized 

phenomenon (10). Reyn and Bentzon (11) showed a definite increase in 

penicillin resistance in 257o of the strains examined in their labora

tory in 1961 in comparison to a group of strains examined in 1957. 

They reported penicillin resistance to be apparently stable. Also re

ported were strains absolutely resistant to streptomycin from patients 



treated with that drug. More recently Cave, Hurdle, and Catelli (12) 

have indicated that most of the gonococcal strains seen in New York 

City are relatively resistant to penicillin G. 

In contrast to the above reports, many investigators question 

the absolute increase in gonococcal resistance to penicillin. Thayer 

et al. (13) reported the failure of penicillin to kill phagocytized 

gonococci in vitro. These data were confirmed by Brown (4). He listed 

probable causes for treatment failures other than penicillin resistance 

to include inadequate treatment schedules, difficulty in diagnosing the 

disease in females, and insufficient interviewing and investigation of 

reported contacts. Brown concluded his paper with the statement that 

"in general, the conclusion that there has been an overall increase in 

resistance to penicillin is not justified" (p. 394). Literature sum

marizing the conflicting positions of various research groups is re

viewed in Carpenter's paper, where the absolute resistance of the 

gonococcus to penicillin is also questioned (14). 

Contributing to the confusion over gonococcal sensitivity to 

penicillin is the fact that a gonorrhea-like syndrome is caused by mem

bers of the genera Mima and Herellea (15-17). As these organisms may 

appear morphologically identical to the gonococcus on stained smears, 

absolute confirmation of gonococcal urethritis requires laboratory sub

culture of the causative agent. Mima and Herellea are almost invari

ably totally resistant to penicillin in vivo. Considerable effort has 

been expended devising differential media to separate these organisms 

biochemically from Neisseria gonorrhoeae (18-20), 
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For those individuals allergic to penicillin, or where 

"penicillin-resistant" gonococci are encountered, several other anti

biotics are in common use. These include oral ampicillin (21), ceph-

aloridine (22), doxycycline (23), kanamycin (24), minocycline (25), 

trimethoprim-sulphamethoxazole (26, 27) as well as the tetracyclines 

and other broad-spectrum antibiotics (28, 29). 

The changing sensitivity pattern of Neisseria gonorrhoeae to 

commonly employed antibiotics is complex. In some cases, sensitivity 

may actually be increasing, owing to disuse of a particular antibiotic 

in the chemotherapy of gonorrhea (30). A good example is the reported 

increase in gonococcal sensitivity to sulfadiazine—a drug once rela

tively useless for treating gonorrhea, owing to high resistance levels 

developed to the drug by the gonococcus. 

The serious sequellae of gonorrhea have, as a group, greatly 

decreased in incidence with the continued employment of chemotherapeu

tic agents against gonorrhea. Gonococcal arthritis (31-33), gonococcal 

perihepatitis (34), and hemorrhagic bullae accompanying gonococcemia 

(35, 36) all appear to respond rapidly to the administration of commonly 

employed antibiotics, making the sequellae of gonorrhea easier to con

trol than the disease itself. 

Growth and Transport of N_. gonorrhoeae 

Almost since the initial isolation of Neisseria gonorrhoeae in 

the late nineteenth century statements have appeared in the literature 

regarding the gonococcus' requirement for CO^ as a growth factor. The 

organism's need for CC^ was never absolutely established in the early 
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part of this century. However, this may have been caused primarily by 

the limited technology available to microbiologists at that time. Fac

tors such as partial oxygen pressure, trace impurities in agar, and at

mospheric moisture were left largely uncontrolled, preventing definitive 

statements concerning gonococcal physiology. The early literature on 

CC^ and the gonococcus is surveyed in Topley and Wilson's Principles of 

Bacteriology and Immunity (37, p. 666). In 1934 McLeod et al. (38) 

stated that 10% CO^ is the optimal CO^ tension for growth of the gono

coccus. They also noted that 18 hr in CO^ out of a total incubation 

period of 48 hr was sufficient to induce gonococcal growth. They found 

that there was no advantage in boosting the CO^ tension for laboratory 

adapted cultures; only during primary isolation was CO^ found to be 

critical. The failure of a decrease in partial oxygen pressure to stim

ulate growth was also discussed. McLeod's observation (in 38) that CO^ 

is necessary only in the first part of the growth cycle seemed to agree 

with work done by Valley (39) and van Niel et al. (40), who concluded 

that every bacterium has an absolute need for molecular CO^ to shorten 

the lag phase of growth and allow active metabolism to commence. Simi

lar observations on the absolute need for CC^ by bacteria have been re

corded by other workers as well (41, 42). In 1956 Griffin (43) pub

lished a paper in which he stated that hypoxanthine, uracil, and 

oxaloacetate would replace CO^ as a growth requirement for established 

cultures of the gonococcus. Primary isolates, however, could not be 

induced to grow without molecular CC^. A year later, Griffin and 

14 
Rieder (44) used oxaloacetate labeled with C and discovered the 
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oxaloacetate was broken down into pyruvate and CO^. The CO^ was then 

incorporated into cellular material. 

Neisseria gonorrhoeae has an extremely restricted range of 

temperatures at which growth will occur. No growth is seen below 

around 32.5 C, whereas growth ceases above 37.5 C. The optimum growth 

temperature is 36 C. Survival time of the gonococcus is also shortened 

when cultures are held at temperatures much below or above the optimum 

growth temperature (37, p. 668), rendering transport of viable cultures 

of the gonococcus to the public health laboratory difficult. 

In addition to the transport difficulties discussed above, over

growth of clinical specimens by commensal organisms normally present in 

the urogenital tract presents a serious problem in the recovery of N_. 

gonorrhoeae. Especially troublesome is the organism Proteus vulgaris 

which frequently overgrows the surface of primary plating media, pre

venting development of the gonococcus. Stewart's transport medium, a 

non-nutritive semisolid medium of low redox potential, has been em

ployed widely to transport clinical specimens suspected of containing 

the gonococcus. It has proven rather unsatisfactory, however, in that 

overgrowth of the gonococcus by commensals while in transit remains un

checked (45). Agents inhibitory to urogenital commensals have been 

added to transport media in an attempt to hold down specimen overgrowth. 

Currently in use is the transport medium of Martin and Lester incorpor

ating the antibiotics vancomycin, colistimethate, and nystatin (VCN) as 

anticommensal agents (in 45). While VCN is highly effective in combat

ing most commensal growth, Proteus swarming remains uninhibited (46). 
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As a further attempt to control Proteus, trimethoprim (a benzyl pyrimi-

dine) is incorporated into Martin and Lester's medium. Trimethoprim, 

however, has significant toxicity for the gonococcus and has even been 

suggested as an antibiotic in treating gonorrhea (27, 47). 

Prior to 1966 the primary plating media most frequestly employed 

to grow N_. gonorrhoeae from clinical specimens were various chocolate 

agar preparations and Mueller-Hinton medium (5). McLeod's and McBride's 

media were also employed by some laboratories (38). In 1966 Thayer and 

Martin (48) introduced a chocolate agar plating medium made selective 

for the gonococcus through the introduction of the antibiotics vanco

mycin, ristocetin, and nystatin. The medium was modified in 1967 by the 

replacement of ristocetin with colimycin (49). In the years since 1967 

laboratories employing Thayer-Martin medium have experienced an average 

137° increase in total positive isolates of the gonococcus in comparison 

with previously used methods (5). As a result, this highly successful 

medium has become part of the routine procedure for isolation of the 

gonococcus in almost all public health laboratories in the United States. 

Growth of all common urogenital contaminants is almost completely inhib

ited on Thayer Martin plates. Proteus swarming remains an unsolved 

problem, however (48). 

It has long been recognized that the gonococcus undergoes sub

stantial modification of its colonial and microscopic morphology upon 

repeated subculture in the laboratory. Gonococcal colonies from acute 

cases of gonorrhea generally grow up as large (2-3 mm), flattened, lo-

bated colonies on chocolate agar (Type I colonies). Upon subculture, 
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the colonies become smaller, shiny, and convex (Type II colonies) (50). 

Scherp (51) has stated that gonococci apparently lose surface (or K) 

antigens upon subculture and that the loss of these K antigens coin

cides with a loss of virulence of the culture. Kellog et al. (52) have 

subdivided gonococcal morphology into four types based upon morphologi

cal differences resulting from loss of K antigens both in vivo and in 

vitro. 

As discussed above, the gonococcus undergoes a loss in its re

quirement for CO^ upon laboratory subculture as well as a loss of 

morphological individuality and virulence. It is of paramount impor

tance for investigators to use fresh gonococcal isolates in their work 

and to attempt to minimize laboratory adaptation. In an attempt to do 

this, Arko (53) has suggested the implantation of hollow plastic golf 

balls in the dorsal-lumbar area of rabbits as growth chambers for gono

cocci. Such hollow spheres fill with a serous fluid that supports 

gonococcal growth up to nine months without degenerative change. Watt, 

Glynn, and Ward (54) have suggested the subculture of gonococci on media 

containing prostate extract to minimize loss of virulence. 

The purpose of our studies was to investigate the response of 

N_. gonorrhoeae in clinical specimens to varied conditions of transport 

and isolation. Further, we hoped to develop from the data obtained en

richment conditions permitting isolating of this organism from heavily 

contaminated and sparsely populated specimens. 



MATERIALS AND METHODS 

Specimens and Transport 

Clinical specimens employed were obtained from male patients 

seen routinely at the Pima County renereal diseases clinics. Cotton-

tipped swabs were touched to the urethral orifice and immediately 

placed on Thayer-Martin slants for transport to the Tucson branch of 

the Arizona State Public Health Laboratory. Upon arrival, the swabs 

were removed from the slants and shaken in 99 ml of 0.15 M phosphate 

buffer, pH 7.4. A one-log dilution of this diluent was then made. One 

set of swabs was vigorously shaken in 10-ml volumes of the phosphate 

buffer. Four and one-half ml portions of the inoculated buffer were 

then pipetted into two 99-ml volumes of Hanks' balanced salt solution 

without phenol red (55), one containing 0.357« NaHCO^, the other pre

pared without NaHCO^. The pH of both salt solutions was 7.4. Plate 

counts were obtained by spreading 0.1 ml of inocula from the buffer di

lutions onto agar using sterile bent glass rods. 

Media 

Chocolate agar medium employed throughout the study consisted 

of G.C. Medium Base (Difco), a desiccated hemoglobin (Difco), and Iso-

Vitalex (B.B.L.) or Supplement B (Difco). Preparation was according to 

manufacturers' directions. Thayer-Martin (T.M.) medium was prepared by 

adding VCN (B.B.L.) to the above chocolate agar. Other plating media 

employed in the study included Mannitol Salt Agar (Difco), Levine's 

10 
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Eosin Methylene Blue Agar (Difco), Rogosa Medium (Difco), and Littman's 

Oxgall Agar (Difco). Preparation was according to manufacturer's in

structions. Plating media were dispensed into sterile 100-mm plastic 

or 120-mm glass petri plates. Only one type of plate was used through

out a given experiment. 

Enrichment broths were prepared as follows. A basal nutrient 

medium (e.g., Eugonbroth) was prepared at 2.5 times normal strength and 

was then dispensed as 4-ml volumes into 100-mm screw-cap test tubes and 

autoclaved at 121 C for 15 min. Double strength hemoglobin was pre

pared by dissolving 20 g of the dehydrated powder in 1 liter of dis

tilled water. Sterilization was by autoclaving at 121 C for 15 min. 

Sodium bicarbonate was prepared as a 7.5% solution by dissolving 75 g 

of reagent grade NaHCO^ in 1 liter of distilled water. The bicarbonate 

solution was then filter-sterilized using a 0.45 micron Millipore fil

ter. When enrichment of the basal medium with hemoglobin or bicarbon

ate was desired, 5-ml volumes of hemoglobin solution and one-ml volumes 

of NaHCO^ were added aseptically to screw-cap test tubes containing the 

4 ml of basal medium. Where necessary sterile distilled water was used 

to bring the final volume in each test tube to 10 ml. Supplement B was 

added aseptically when desired in 0.1-ml volumes which were not taken 

into account in determining the total volume of the tube. 

Incubation 

Plates were incubated in 5- and 10-liter glass desiccator jars. 

Atmospheric moisture within the jars was kept saturated by a 
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water-soaked paper towel placed in the bottom of the jar just before 

incubation. 

Where atmospheres other than 100% air were desired, they were 

achieved through the employment of a suck-flush apparatus attached to a 

vacuum pump and to tanks of compressed gas. For example, an atmosphere 

of 2% 0^, 10% CO^, and 88% was achieved as follows. First, a 407-mm 

Hg vacuum was developed within the desiccator jar. The jar was then 

returned to atmospheric pressure with N^. This process was repeated 3 

more times, yielding an atmosphere in the jar greater than 99.97» N^. 

The jar was evacuated a fifth time, and prerneasured volumes of 0^ and 

CO^ were allowed to flow into the jar. Finally, atmospheric pressure 

was restored in the jar with N^. 

Antibiograms 

Growth from chocolate agar plates was suspended in brain heart 

infusion broth to an O.D. of 0.05. One-tenth ml inocula were then 

spread on the surface of fresh chocolate agar plates. Low concentration 

antibiotic discs (Difco) were spaced evenly on the surface of each 

plate. Sensitivity to a given antibiotic was recorded if a zone of in

hibition appeared around the antibiotic disc after 24-hr incubation 

under 10% CO^ at 36 C. Resistance to a given antibiotic was indicated 

by growth up to the edge of the disc. 
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Nephelometry 

Optical density of suspensions of organisms in brain heart in

fusion broth was determined at 660 nm with a Bausch and Lomb Spectronic 

20 spectrophotometer. 

Morphological Typing 

Isolates were grown 48 hr at 36 C on chocolate agar. Colonies 

developing an average diameter of 2.2 to 2.4 mm and which were mucoid, 

lobated, and flat were labeled Type I. Colonies labeled Tyne II aver

aged 0.8 mm in diameter and were shiny, convex, and circular. 



EXPERIMENTAL RESULTS 

Effects of Various Gaseous Atmospheres 
on the 48-Hour Primary Isolation of 
Neisseria gonorrhoeae (Pilot Study) 

This experiment was designed to study the effects of carefully 

controlled varying partial oxygen pressures and varying carbon dioxide 

pressures on primary gonococcal isolates. 

Six replicate spread plates on chocolate agar and T.M. agar 

were prepared from each of 26 clinical specimens and incubated under 

the following six conditions: (a) a control comprising 107° CÔ , 907» 

air; (b) 90% 0̂  10% CO ; (c) 100% air; (d) 88% N2> 2% 0 10% CO ; 

(e) 2% O2, 98%, N2; and (f) in a candle jar. Incubation was for 48 hr 

at 36 C. After incubation, colony counts were determined for each 

plate and were transformed to the log ^ (plate count + 0.5) for statis

tical analysis. Colony morphology was observed for each specimen under 

each condition. The effect, of the VCN inhibitor on plate count was ob

served for each growth condition. 

Data are summarized in Table 1. Atmospheres of 907o O2, 107o CC^ 

and 27<> 0^, 987° N^ were totally lethal for the gonococcus. This elimin

ates the possibility that lowering the pO^ without a CO^ boost stimu

lates gonococcal growth. High p02 is lethal to the gonococcus in spite 

of the presence of CO^. 

Incubation of primary isolates in air yielded plate counts be

tween 1 and 107» of plate counts occurring on control plates grown in 

14 
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Table 1. Response of Type 1 and Type II gonococcal isolates to various 
gaseous conditions of primary isolation. 

Growth condition 

Ratio of colony counts 
experimental/control 

Ratio of colony counts 
T.M. agar/chocolate agar 

Growth condition 

Type I Type II Type I Type II 

10% C02, 907. aira i .o b  1.0  0 .66 0 .66 

(control) 

90% 0 10% C02 0 0 _ 

1007o air 0.066 0 .013 0 .52 0 .58 

2% 0 2 ,  10% C0 2 ,  1 .16 0 .628 0 .56 0 .66 
88% N2 

2% 0 2 >  98% N 2  0 0  -

Candle jar 0.175 0 .744 0 .56 0 .60 

a. All isolates incubated 48 hr at 36 C. 

b. Figures represent ratios of plate counts from 26 clinical specimens. 
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107. CĈ  and 907° air. Those colonies which did develop in air, however, 

were indistinguishable from those developing in 107. CO^, indicating 

that a proportion of the gonococcal population is capable of uninhib

ited growth without a CO^ boost. 

Candle jar incubation yielded consistently lower plate counts 

than did incubation under control conditions. Wide variation in gono

coccal response to candle jar incubation was observed. This resulted 

in a standard deviation for average counts from the candle jar plates 

5-fold greater than for average counts from the control plates. Candle 

jar incubation was far less conducive to growth of Type I strains than 

to Type II strains. 

When the pO^ was dropped to 27. with a simultaneous pCO^ boost 

to 107o, increased numbers of Type I gonococcal colonies were observed 

relative to the control. Colony diameter was decreased from an average 

of 2.2 mm on the control plate to 0.31 mm. Quite the reverse was true 

with Type II colonies, however. Plate count at 27, 0^ decreased to 

62.87. of the count developing on control plates. Colony diameter of 

Type II colonies decreased from an average of 0.79 mm on the control 

plates to 0.35 mm under experimental conditions. Type I and Type II 

colonies were indistinguishable one from the other with decreased pĈ . 

An average 337. decrease in plate counts was seen when the gono-

coccus was incubated on T.M. agar compared to incubation on chocolate 

agar under control conditions. When the gonococcus was grown under 

stressed conditions (e.g., in air or under 27, 0^ for Type I colonies), 

inhibition ranged from 40-507. on T.M. agar. Colonies of a given strain 
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developing on T.M. agar, however, were morphologically identical to 

colonies developing on chocolate agar, indicating a quantal or all-or-

nothing response of individual gonococci to the antibiotic inhibitor 

in T.M. agar. 

Simpson's product moment correlation coefficients (56) were em

ployed to determine whether significant correlation existed between 

colony morphology (as exhibited on the control plate) and behavior under 

the various experimental conditions. Covariant analysis of the behavior 

of each strain on T.M. agar and on chocolate agar under each growth con

dition tested yielded a correlation coefficient of 0.6221. Thirty-eight 

and seven—tenths percent of the variation in response between Type I and 

Type II strains could therefore be predicted by correlation of responses 

of each strain to the growth conditions tested. This variation in re

sponse between Type I and Type II strains is highly statistically sig

nificant (p = 0.0018) and demonstrates a physiological difference 

between the two morphological types. 

Utilization of CO2 

Gonococcal dependence on the presence of CO^ in the atmosphere 

for primary isolation was conclusively corroborated in the initial ex

periments. To investigate further this phenomenon, an experiment was 

designed to determine during which parts of a 48-hr growth period CO^ 

acted as a growth promoter for the gonococcus. In addition, survival 

of the gonococcus at room temperature (24 C), as well as at incubator 

temperature (36 C), was monitored in the presence and absence of CO^. 



Seven replicate spread plates on chocolate agar and T.M. agar 

were prepared from each of 31 clinical specimens and incubated in des

iccator jars as follows: (a) 8 hr in 107. CO^ followed by 40 hr in air, 

(b) 16 hr in 107o CO^ followed by 32 hr in air, (c) 24 hr in 107° CO^ 

followed by 24 hr in air, (d) 48 hr in 107. CO^, (e) 16 hr in air fol

lowed by 32 hr in 107, CO^, (f) 24 hr in 107. CO at 24 C followed by 48 

hr at 36 C in 107. CO^, and (g) 24 hr in air at 24 C followed by 48 hr 

in 107. CO^ at 36 C. Desiccators a, b, and c were charged with CO^ in 

the usual manner. At the appropriate time, the desiccators were opened 

and air under pressure was used to flush out the CO^ atmosphere. The 

desiccators were then resealed and incubated for the remaining part of 

the growth cycle. Desiccator e was sealed and placed in the incubator. 

After 16 hr of incubation the desiccator was charged with 107, CO^. 

Vessel f was charged with 107. CO^ and left at room temperature (24 C) 

for 24 hr. It was then placed in the 36 C incubator for 48 hr. Vessel 

g was left at room temperature (24 C) without a CO^ atmosphere. After 

24 hr it was charged with 107. CO^ and placed at 36 C for 48 hr. 

Upon completion of incubation, colony counts were determined 

for each plate. Ratios of counts on chocolate agar and T.M. agar were 

recorded. Observations were made on colonial morphology developing on 

each plate. Data from this experiment are summarized in Table 2. 

As observed in the first group of experiments, Type I strains 

appeared more sensitive than Type II strains to suboptimal growth con

ditions. When grown 8 hr in CO^ and 40 hr in air, Type I strains 

yielded plate counts 377. of those observed on control plates incubated 
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Table 2. Growth and survival of primary gonococcal isolates as a 
function of the presence of CO^ during various portions 
of the growth cycle. 

Ratio of colony counts 
Condition of experimental/control 
incubation 

16 hr air followed by 32 hr 
107. C02 (36 C) 

Type I Type II 

48 hr 107. CC>2 (36 C) (control) 1.0a 1.0 

8 hr 107. CO2 followed by 32 n ~7 
hr air (36 C) 

16 hr 107. CC>2 followed by 32 n 77 

hr air (36 C) 

24 hr 107. COo followed by 24 nQ 

hr air (36 C) l'09 

24 hr @ 24 C in 107. C02 followed n 7„ 
by 48 hr (3 36 C in 107. C02 

0.785 

0.94 

0.96 

0.46 0.39 

24 hr @ 24 C in air followed 
by 48 hr @ 36 C in 107. CÔ  0.26 0.26 

0.70 

a. Figures in the table represent ratios of total plate counts from 31 
clinical isolates. 
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48 hr in CO^. Sixteen hr incubation in CO^ yielded counts 777. of those 

on the control plates. This figure was insignificantly different than 

control counts at the 907. confidence limit but was significantly lower 

at the 95% confidence limit. Incubation in CO^ for 24 hr yielded 

counts 109% of those on the control plate—an insignificant difference 

at the 957» confidence limit. 

Type II strains incubated 8 hr in CO^ yielded plate counts 78. 57» 

of those from the control plate. This figure is significantly lower 

than the control count at the 957, confidence limit, but the difference 

is insignificant at the 907> confidence limit. Incubation of Type II 

strains for 16 hr and 24 hr in CC^ yielded plate counts 947» and 967° of 

those on the control plates. These counts are statistically indistin

guishable from control count at the 957. confidence limit. 

When primary isolates were incubated 16 hr in air followed by 

32 hr in CO^ significant loss of viability was observed for both Type I 

and Type II isolates. Plate counts were decreased 547o for Type I 

strains and 617. for Type II strains. These decreases in counts are 

statistically insignificantly different from each other at the 957. con

fidence limit, indicating similar response by both strain types to in

cubation in air for 16 hr. 

When held at 24 C for 24 hr in air followed by 48 hr incubation 

in CO2 at 36 C, both Types I and II showed a 757° decrease in plate count 

relative to controls incubated immediately. When held 24 hr in 107° CC^ 

at 24 C, the plate counts were decreased only 307. relative to control 

plates. 
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The above data indicate a requirement for CO^ only in the early 

portion of the gonococcal growth cycle. Type II strains require a 10% 

C0^ atmosphere less than 16 hr out of a 48-hr growth period. Type I 

strains require 107° CO^ less than 24 hr. Additional incubation in CO^ 

produces no increase in plate count or colony diameter. This would ap

pear to eliminate the possibility that CC^ is required throughout the 

growth cycle, functioning, for example, as a pH regulator. Absence of 

CO^ in the early phase of the growth cycle, however, is lethal to the 

majority of bacteria within the gonococcal population. Loss of viabil

ity appears to be nearly as great at 36 C as at 24 C, eliminating the 

possibility that temperature alone is the lethal factor. Temperature 

does play a part, however, as counts are decreased 30% when isolates are 

held at 24 C in 10%> CO^ before incubation. 

Protective Effects of Bicarbonate during 
Transport of N_. gonorrhoeae 

Data obtained from the CO^ utilization experiment indicated in

creased survival of the gonococcus on solid plating media both at 24 C 

and 36 C when 10% CO^ was present in the atmosphere. To determine 

whether bicarbonate ion would also increase survival of the gonococcus 

under simulated transport conditions in semisolid transport media, pri

mary isolates were held 6 hr at 24 C in volumes of Hanks' balanced salt 

solution prepared with and without bicarbonate. Two replicate spread 

P1 ates were then prepared from each salt solution on- chocolate agar. 

One chocolate agar plate had been stored under an atmosphere of 10%. CO^ 

at 4 C, while the other had been stored under air at 4 C. Both sets of 



plates were stored in moisture-saturated desiccator jars to prevent 

drying during storage. All plates were incubated under 107. CO^ for 48 

hr at 36 C. Colony counts were determined for each of the four plates 

inoculated with each specimen. Colonial morphology of each specimen 

was also noted. Twenty-one clinical isolates were thus examined. 

As measured by plate counts, organism survival was found to 

average 667. greater when bicarbonate was present in the salt solution. 

These results demonstrate that bicarbonate ion is fully as protective 

to gonococci in transport as is CO^. No increase in colony count was 

seen, however, on plates stored in 10% CO2 as compared to plates stored 

in air. Pre-establishment of a CC^-HCO^ equilibrium within solid plat

ing medium might serve to stimulate gonococcal growth. Failure to ob

serve growth stimulation was probably due either to loss of CO^ from 

the plates while inoculation was in progress, or to rapid establishment 

of the CO^-HCO^ equilibrium once incubation had commenced. Behavior 

patterns were similar for both Type I and Type II strains. 

Effects of Varying pC>2 on Gonococcal 

Colony Count and Morphology 

Data from the first experiment indicated a profound effect on 

gonococcal growth from variations in pO^. To investigate more ade

quately this phenomenon, replicate spread plates on chocolate agar and 

T.M. agar were prepared from 37 clinical specimens and incubated in 

desiccator jars with the following atmospheres: (a) 57. 0^, 107o CC^, 

857. N2; (b) 107. 0 1 07. CC>2, 807. N2; (c) 157. 02, 107. C02, 757. N2; (d) 

107. C02, 907. air. Vessel d was employed as a control, being the 
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condition under which the gonococcus is routinely isolated. Colony 

counts were made from plates containing fewer than 150 colonies and 

colony diameter was measured in uncrowded areas of the plates to elim

inate the possibility that crowding might affect colony diameter. 

Figure 1 illustrates the effect on colony diameter of lowering 

pC^ from 187= to 27°. Type I colonies are profoundly affected at 107° 0^ 

and at lower oxygen pressures. Colony diameters decline from an aver

age of 2.2-2.4 mm at 187, 0^ to 0.31 mm at 27, 0^. Reduced pO^ is appar

ently inimical, therefore, to development of maximum biomass of Type I 

strains. Reduction of the pO^ has little effect on Type II strains. 

No statistically significant decrease is seen in Type II colony diame

ters as the pO^ is lowered from 187, to 57,. When the pO^ is lowered to 

27>, however, Type II strains produce colonies whose average diameter of 

0.35 mm is significantly less than the 0.79 mm produced at 187, 0^. As 

observed in previous experiments, Type I strains appear more sensitive 

to changes in growth conditions than do Type II strains. At 27, and 57. 

O2, strains growing up as Type I or Type II at 187> 0^ are indistinguish

able from one another. 

Colony count is affected quite differently than is colony diam

eter by changes in pO^. As shown in Figure 2, Type I isolates show 

significant increases in numbers of colony-forming units developing at 

57» and 27, 0^ as opposed to controls incubated at 187, 0^. These data 

suggest that, although individual colonies of Type I strains are smaller 

at 27o O2, a greater proportion of gonococci from the Type I inoculum 

population develops into clones when the p0£ is depressed. The opposite 



24 

3.0 
• TYPE I 

TYPE II 

2.5 

£K 2.0 
UJ 
h-
UJ 

1.5 

1.0 

0.5 

- • 

0.0 — u 

10 

%0< 
15 18 

Figure 1. Influence of variation in oxygen pressure on colony size 
of N_. gonorrhoeae from 37 clinical isolates. 
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effect is seen on colony-forming units of Type II strains. When the 

pC^ is dropped from 187, to 107>, significantly fewer colonies develop. 

This decrease in colony count with decreasing pO^ continues to 57. and 

27o Depressed pC^ would appear to be generally unfavorable, then, 

to development of Type II strains, as both colony count and colony 

diameter decrease with lowered pC^. 

These data confirm observations made in the pilot study and the 

study on CO^ utilization i.e., Type I and Type II gonococcal strains 

are physiologically as well as morphologically distinct from one 

another and represent two legitimate subgroups within the species Neis

seria gonorrhoeae. 

Laboratory Adaptation of N_. gonorrhoeae 

To enable the researcher to correlate data collected from sub-

cultured strains of gonococci with data those strains might be expected 

to yield upon primary culture, an experiment was conducted to determine 

how rapidly and to what extent the gonococcus undergoes loss of morpho

logical and biochemical individuality upon laboratory subculture. Four 

clinical isolates (Nos. 32, 36, 1042, 1044) and one isolate which had 

previously been lyophylized upon primary subculture (isolate No. 926) 

were diluted in phosphate buffer and spread on the surface of six choco

late and six T.M. plates in the usual manner. Incubation conditions 

were as follows: (a) T.M, plate in 107. CO^ (b) chocolate plate in 107. 

CC^; (c) T.M. plate in air; (d) chocolate plate in air; (e) T.M. plate 

in 1Q7<> CO2, 27» 0887o N2; (f) chocolate plate in 107, CO^, 27. O2, and 

887. N2. All plates were incubated for 48 hr at 36 C. Upon completion 
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of incubation, colony counts were made for each plate. Colonial mor

phology also was noted on each plate. Comparison of the plate counts 

on a and b versus c and d gave the initial CC^/air ratio. Comparison 

of counts on a and b gave the initial T.M. agar/chocolate agar ratio. 

Counts on plates a and b versus c and d gave the initial ratio of 

colony-forming units developing at 2% 0^ to those developing at 187o 0^. 

Average colony diameter was also measured on plates a, b, e, and f. 

Comparison of colony diameters on plates a and e and on plates b and f 

gave the initial ratio of colony diameter predicated upon growth under 

27o and 187> 0^. Cells from plate a were then suspended in brain heart 

infusion broth to an optical density of 0.05. This O.D. was experi

mentally determined to represent 1.2 x 10^ gonococci/ml. Four 10-fold 

serial dilutions of the brain heart infusion broth were made in physio

logical saline. One-tenth ml aliquots were removed from the final dilu

tion tube and used as inocula for three more sets of plates. Incubation 

was for 48 hr at 36 C. The process was repeated up to 14 times for each 

organism. Ratios of plate counts and colony diameters as discussed 

above were observed for each subculture. 

Table 3 summarizes the data obtained from the two Type I organ

isms studied (Nos. 926 and 1044), The initial ratios of plate counts 

from growth in CO^ to plate counts from growth in air are 7 and 16, re

spectively. It will be noted that as each organism is subcultured, 

gradual loss of the requirement for CO^ is observed as a decrease in 

the ratio of CO2 plate counts/air plate counts. No sharp cut-off point 

is observed for either organism, however, eliminating the possibility 



Table 3. Laboratory adaptation of Type I gonococci as a function of repeated subculture of primary 
isolates. 

Isolate 
number 

Transfer 
number 

Colony count in 
107o CC^/colony 
count in air 

Colony count on T.M. 
agar/colony count 
on chocolate agar 
(107° CC>2 supplied) 

Colony count at 27° 
02/colony count 

at 187° 02 
(107° CO2 supplied) 

Colony Colony 
diameter diameter 
at 27° 02 at 187° 02 
(mm) (mm) 

926 Initial 

1 

2 

3 

4 

5 

12 

T 

4.7 

3 . 6 6  

2.9 

2 . 0  

2 . 1  

1 . 6  

0.42 

0.99 

1 . 0 2  

1 . 0 2  

1 .00 

0.95 

0.93 

2 . 2 6  

2.17 

2 .00  

2 . 2 0  

1 . 6 1  

1.42 

1 . 1 6  

0.9 

0.9 

0.8 

0.8 

0.9 

0.95 

0.9 

1.9 

2.0 

1 . 8 1  

1.80  

1.4 

1 . 2  

1 . 0  

1044 Initial 

1 

2 

3 

4 

16 

15.1 

1 2 . 2  

10.6 

6.9 

0.3 

0.98 

1 . 0 0  

0.91 

0.98 

3.7 

3.4 

3.1 

2 . 6  

2.7 

0.6 

0.6  

0.7 

0.9 

0.8 

2.1 

2 . 0  

1 . 8  

1 . 6  

1 . 2  

a. All observations made after 48-hr incubation at 36 C. 



that adaptation has occurred vith but one subculture. With strain 

1044, the CC^/air ratio dropped from 10.6 at the third subculture 

to 6.9 at the fourth when the organism died out. For strain 926 the 

C02,/air ratio had decreased from 7 to 2.9 after 3 subcultures. Beyond 

subculture 5, the CO^/air ratio remained steady between 1 and 2 for 

this organism, indicating the maximum degree of laboratory adaptation 

it was to undergo. As cells were taken from a T.M. plate for subcul

ture, it was expected that the VCN/chocolate ratio would rapidly ap

proach 1. Strain 1044 had an initial VCN/chocolate ratio of 0.3 which 

rose to 0.98 upon first subculture. Similar behavior was observed for 

strain 926 whose VCN/chocolate ratio rose from 0.42 to 0.99 within 1 

subculture. These data suggest simple selection of VCN-resistant cells 

forming clones on the surface of T.M. plates. As shown in the previous 

experiment, ratios of colony-forming units for Type I organisms at 27. 

compared with 187c are greater than 1. This ratio for strain 1044 

on initial subculture was 3.7 and had decreased to 2.7 after 4 subcul

tures. Strain 926 had a colony count ratio at 27. 0^/1870 O2 of 2.26 

which decreased to 1.42 after 5 subcultures, and hovered between 1.50 

and 1.10 through 12 subcultures. As also shown in the previous experi

ment, the average colony diameter for Type I strains is less at 27, O2 

than at 187. O2. For strain 1044 the figures at primary culture were 

0.6 mm at 27. O2 and 2.1 mm at 187. O2. As the strain was subcultured, 

the colony diameter at 187. O2 steadily decreased to an average of 1.2 

mm, indicating loss of Type I morphology upon subculture. Behavior at 

27. O2 wds unchanged through 4 subcultures. Strain 926 had an average 
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colony diameter of 0.9 mm at 2% 0^ and 1.9 mm at 18% 0^. Slight de

crease in diameter size at 18%. 0^ (to 1.8 mm) was seen through 3 trans

fers. By transfer 12, however, colony diameter at 18% 0 was 1 mm— 

insignificantly different from the 0.9 mm observed consistently through

out the subcultures at 2% 0^, indicating Type I morphology had been 

completely lost. 

In summary, laboratory adaptation of Type I gonococcal strains 

is accompanied by a loss of requirement for CO^, decreased growth stim-

ulat ion at 27° 0and a loss of Type I morphology at 18% 0^. In terms of 

rate of adaptation, however, it would appear that cultures used only 

two or three times beyond primary isolation should yield data comparable 

to those derived from the primary isolate itself. 

Table 4 summarizes the responses of the three Type II strains 

subjected to laboratory subculture. In contrast to Type I strains, 

Type II gonococci undergo only very subtle morphological alterations 

when grown at 27» 0^ as compared to growth at 18% O^. This criterion 

of strain "freshness" is thus lost when working with Type II strains. 

The initial colony diameters for isolate number 36 are 0.8 mm at 2% 0^ 

and 1.3 mm at l87o C^. At the first subculture only 0.2 rnm separates 

the two growth conditions. By the third subculture the colonies grow

ing up under the two oxygen tensions are identical. Similar figures 

are seen for the other two isolates. Colony count in CC^ versus colony 

count in air offers a more reliable estimate of laboratory adaptation 

for Type II strains. As observed with Type I strains, no sharp cutoff 

point for CO^ requirement is seen. Ratios of colony counts in CO^ to 



Table 4. Laboratory adaptation of Type II gonococci as a function of repeated subculture Of primary 
i solates. 

p , . . Colony count on T.M. Colony count at 2L Colony Colony 
i . _ , Colony count m J, . . ~ , • 

Isolate Transfer ^ . agar/colony count 02/colony count diameter diameter 
number number ° 2( _ •> on chocolate agar at 187o O2 at 2% Oo at 187° c>2 

coun m air  ( l Q %  ^ s u p p U e d )  ^ s u p p U e d )  (m )  (m m )  

Initial 72a 0.62 0.82 0.7 0.9 
1 66 1 . 0 0  0 . 8 0  0 . 8  0.82 

2 69 1.05 0.72 0.9 0.92 
3 60 1.01 0.79 0.9 0.9 
4 42 0.99 0. 77 0.8 0 . 9  

5 40 0.98 0.92 0.8 0.8 
12 36 1.01 0.82 0.8 0.9 

I n i t i a l  9 0.7 0.67 0.8 1.3 
1  9 . 1  1.00 0 . 6 9  0.8 1 . 0  
2 8 . 7  0 . 9 7  0. 72 0 . 8  l.l 

3 6.8 0.97 0.80 0.8 1.8 
4 6.0 1.06 0.81 0.8 1 . 0  
5 5.2 1 . 0 0  0 . 8 9  0 . 7  0 . 9  

11 4.0 1.03 0.93 0.9 1 . 0  

Initial 4.7 0.62 1 . 0  0. 7 1 . 0  
1 4.4 0.92 1.04 0.8 0.9 
2 4.2 0 . 9 9  1.10 0.8 0.8 
3 4.0 1.00 0 . 9 9  0 . 9  0 . 9  
4 3.7 1.02 1.03 1 . 0  0.8 
5 3 . 1  1 . 0 1  1 . 1 4  0 . 9  0.8 

6 2.9 1 . 0 0  1 . 1 7  0 . 9  0 . 8  
14 2.6 0.89 1.02 0.9 0.8 

a. All observations made after 48-hr incubation at 36 C. 
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colony counts in air remain reasonably stable for about 3 subcultures 

and then gradually decrease and level off to a plateau reached some

where between 5 and 10 subcultures. The isolates can then probably be 

considered to be maximally adapted to the laboratory environment. 

Nowhere is growth in air equivalent to growth in GO^, however. This 

behavior pattern is identical for isolates whose growth is very poor 

without CC^ (isolate 32) as well as for isolates less fastidious (iso

late 1042). As observed with Type I colonies, cells taken from a T.M. 

plate show no sensitivity to VCN upon continued subculture. 

Antibiotic Sensitivity Patterns 

All 73 gonococcal isolates tested were found to be sensitive to 

the following antibiotics: erythromycin, sulfadiazine, bacitracin, 

cephalothin, tetracycline, penicillin, Chloromycetin, neomycin, and 

novobiocin. All were found resistant to vancomycin and dicloxacillin 

(a synthetic penicillin). 

Enrichment Broth Studies 

Studies were undertaken to develop an enrichment broth capable 

of increasing the ratio of N_. gonorrhoeae to urogenital contaminants 

encountered in clinical specimens. In addition to its application as 

an enrichment broth, a liquid medium for the cultivation of N_. gonor

rhoeae has obvious applications in the study of gonococcal physiology, 

e.g., the evaluation of different chemotherapeutic agents in combating 

gonorrhea. 
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In the experiments that follow, strain 926 was used throughout. 

This strain was found to be highly sensitive to VCN, in addition to 

growing very poorly without CO^. A different ampule of lyophylized 

cells was open for each experiment conducted. This method allowed max

imal retention of the organism's fastidiousness and sensitivity. Ly

ophylized cells were rehydrated with brain heart infusion broth. The 

broth was then streaked on the surface of a chocolate agar plate to 

give isolated colonies. Incubation of the plate was under 107o CO^ for 

48 hr at 36 C. Isolated colonies were picked from the surface of the 

plate and suspended in brain heart infusion broth to an O.D. of 0.05 

(1.2 x 107 bacteria/ml). Appropriate dilution was made of this stock 

broth in physiological saline solution. The saline dilution of the 

bacterium then became the inoculum in each study below. 

Hemoglobin, starch, and Supplement B (a filter-sterilized yeast 

extract) are commonly encountered components of chocolate agars em

ployed to grow the gonococcus. To test the efficacy of these agents in 

promoting gonococcal growth in a liquid medium, ten enrichment broth 

formulae were prepared as follows: 1. Eugonbroth only, 2. Eugonbroth 

+ NaHCO^, 3. Eugonbroth + hemoglobin, 4. Eugonbroth + NaHCO^ + hemo

globin, 5. Eugonbroth + Supplement B, 6. Eugonbroth + NaHCO^ + Sup

plement B, 7. Eugonbroth + hemoglobin + Supplement B, 8. Eugonbroth 

+ NaHCO^ + hemoglobin + Supplement B, 9. Eugonbroth with starch + 

NaHGO^ + hemoglobin + Supplement B, and 10. Eugonbroth with starch + 

NaHCO^ + Supplement B. The final volume in each tube was 10 ml. A 0.1 

ml inoculum of saline-suspended gonococci was added to each tube. Each 
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inoculum contained 5,000 bacteria, bringing the final concentration of 

organisms to 50 per 0.1 ml of broth. A spread plate on chocolate agar 

was prepared to verify the initial count. The caps on the test tubes 

were screwed tight and the tubes were incubated for 24 hr at 36 C. 

Following incubation, gonococcal growth was determined in each tube by 

making spread plates from the broths ind from saline dilutions of each 

broth. Spread plates were incubated in 10% CO^ at 36 C for 48 hr and 

counted. 

Examination of Table 5 reveals that Eugonbroth alone or in con

junction with Supplement B failed to maintain viability of the gonococ-

cus over the incubation period (tubes 1 and 5). A small increase in 

cell number was observed when hemoglobin was added to the nutrient base 

(tube 3). Addit ion of Supplement B to the Eugonbroth-hemoglobin com

bination produced little growth stimulation (tube 7). Much larger in

creases in plate count were observed when NaliCO^ or NaHCO^ and hemo

globin were added to the nutrient base (tubes 2 and 4). These data 

again point out the beneficial effects of NaHCO^ on gonococcal metabo

lism. Greatest increase in colony-forming units was seen in tube 8— 

Eugonbroth supplemented with bicarbonate, hemoglobin, and Supplement B. 

The addition of starch to these agents (tubes 9 and 10) failed to im

prove growth over tube 8. 

Based on these data, NaHCO^, hemoglobin, and Supplement B were 

chosen as growth stimulants to be added to the nutrient base for the 

enrichment broth. 
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Table 5. Efficacy of NaHCO^, hemoglobin, Supplement B, and starch for 
gonococcal growth stimulation in liquid culture. 

Components 

T . - - Log.n (N/N Y 
Tube o xi <v 10 o 

X. e 4-J 
•P •iH a 
o a> 

o B 
,0 ro i-H 0) X c O 00 r-H o 
o O o Q-. 
00 EC E a CO 
3 to o 3 4-J 
w s fC CO GQ 

1 x 

2  x x  1 . 6 0  

3 xx 0.13 

4  x x x  1 . 6 0  

c b 
5 x x 

6 xx x 1.67 

7 x xx 0.20 

8 x x x x 2.23 

9 x x x x x 2.20 

10 x xxx 0.72 

N = viable count after 24-hr incubation at 36 C. N = initial 
. , , o 
viable count. 

b. Culture died. 
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Eugonbroth tubes plus hemoglobin and NaHCO^ were then prepared 

and inoculated as above. To ascertain the mode of incubation yielding 

greatest increase in numbers of gonococci, 5 tubes were incubated as 

foil ows. The first was incubated without agitation. The second was 

P1 aced on a New Brunswick Gyrotory Shaker (Model S-3) at 115 rpm. The 

tube was tilted to a 45° angle to promote maximal seration. Tubes 3 

and 4 were incubated as was tube 2, with the exception that tube 3 was 

charged with 10% CO^ before incubation and tube 4 was charged with 20% 

CO^. Broth from the fifth tube was poured into a sterile 8 oz prescrip

tion bottle which was then placed on its side for the incubation period. 

Incubation time was 24 hr at 36 C. After completion of incubation, 

spread plates were made from each tube to determine gonococcal growth 

and incubated as indicated above. 

As seen in Table 6, cultivation in the prescription bottle 

caused death of the culture (tube 5). This is perhaps due to escape 

of the CC>2 from the bicarbonate into the air phase. The agitation of 

the broth produced almost a log increase in plate count over stationary 

incubation (tubes 1 and 2). Gassing the tubes with 107o and 20% CO^ 

prior to incubation produced a further substantial increase in growth, 

with 20% CO^ yielding almost a 5 log increase in plate count (tubes 3 

and 4). Gassing tubes unquestionably stabilizes the CO^-HCO^ equilib

rium previously discovered to be beneficial to gonococcal growth. Based 

on these data, enrichment broth incubation was with agitation under 20% 

CC>2 for 24 hr at 36 C. 
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Table 6. Effects of agitation and CO^ overlay on 24-hr growth of 
gonococci in broth at 36 C. 

cL 
Tube Mode of incubation Log^ (N/NQ) 

1 Stationary 2.60 

2 Agitation*3 3.46 

3 Agitation (107= CO^)0 4.06 

4 Agitation (20% CO^)^ 4.74 

0 
5 Prescription bottle -

on side 

a. N = viable count after incubation; N = initial viable count. 
o 

b. New Brunswick Gyrotory Shaker, 115 rpm. 

c. Atmosphere in test tube comprised of 90% air, 107o CO^. 

d. Atmosphere in test tube comprised of 807» air, 20%> 

e. Culture died. 
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To determine the relative efficacy of Eugonbroth to other com

mercially prepared media in the support of gonococcal growth, 14 media 

normally used to grow fastidious pathogenic organisms were rehydrated 

and dispensed into screw-cap test tubes. There the product contained 

agar, the agar was filtered out through filter paper before dispensing. 

All broths were prepared with NaHCO^ and hemoglobin. Inoculation was 

with saline-suspended gonococci. Tubes were charged with 20% CO^ and 

incubated on the gyrotory shaker. Incubation was at 36 C for 24 hr. 

Gonococcal growth was determined as usual by preparing spread plates 

after incubation from the broths and from saline dilutions of the 

broths. Media compared were: 1. Eugonbroth, 2. Brain Heart Infusion 

Broth, 3. Columbia Blood Agar Base, 4. G.C. Medium Base, 5. Tryptose 

Phosphate Broth, 6. Trypticase Soy Broth without Dextrose 7. Liver In

fusion Broth, 10. Dextrose Heart Agar, 11. Krake Blood Culture Medium, 

12. Yeast Beef Agar, 13. Yeast Dextrost Agar, 14. Brain Veal Agar, and 

15. Veal Infusion Agar. 

Results of the experiment are summarized in Table 7. All media 

tested supported some gonococcal growth except Liver Infusion Agar and 

Krake Blood Culture Medium. Failure of the latter to support growth is 

probably a result of the inclusion of citrate into the medium. All 

other media except Yeast Beef Agar showed improved gonococcal growth in 

comparison to Eugonbroth. This may be due to a partial toxicity of the 

cystine in Eugonbroth for the gonococcus as high amino acid levels have 

previously been found inhibitory to gonococcal growth (57). Greatest 

increase in cell count over a 24-hr period was achieved with Heart 
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Table 7. Relative capacity to support gonococcal growth of 15 com
mercially prepared culture media. 

Medium Log^CN/N^)3 

1. Eugonbroth^ 4.01 

2. Brain Heart Infusion Broth 4.50 

3. Columbia Blood Agar Base 4.48 

4. G.C. Medium Base 5.00 

5. Tryptose Phosphate Broth 4.30 

6. Trypticase Soy Broth without Dextrose 5.38 

7. Liver Infusion Agar 
c 

8. Veal Infusion Broth 5.60 

9. Heart Infusion Broth 5.83 

10. Dextrose Heart Agar 5.00 

11. Krake Blood Culture Medium 
c 

12. Yeast Beef Agar 2.00 

13. Yeast Dextrose Agar 4.63 

14. Brain Veal Agar 3.95 

15. Veal Infusion Agar 5.00 

a. N = viable count after 24-hr incubation at 36 C with agitation; 
tubes charged with 20% C0„. N = initial viable count. 

° 2 o 

b. All media enriched with hemoglobin and NaHCO^. 

c. Culture died. 
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Infusion Broth. Veal Infusion Broth yielded growth nearly equivalent 

to that of Heart Infusion Broth. 

Based on the above data, Heart Infusion Broth was chosen as the 

nutrient base for the enrichment broth. 

To render the enrichment broth selective for the gonococcus, 

various dilutions of crystal violet (CV) and the VCN inhibitor employed 

in Thayer-Martin medium were assayed for their ability to permit gono

coccal growth while simultaneously inhibiting growth of the common com

mensals found in urogenital specimens. Commensals used in the study 

were Lactobacillus acidophilus (Doderlein's bacillus), Candida albicans, 

Escherichia coli, Proteus vulgarj s, and Staphylococcus epidermidi s. 

Crystal violet diluted 1:1,400,000 was shown to stimulate slightly 

gonococcal growth in comparison to dilutions of 1:2,800,000 and 

1:5,600,000. Crystal violet concentrations greater than 1:1,000,000 

were found highly inhibitory to the gonococcus. 

The gonococcus or each of the commensals was diluted in saline 

and inoculated separately into 10 tubes of Heart Infusion Broth with 

hemoglobin, NaHCO^, and Supplement B. Crystal violet (1:1,400,000) and 

VCN were added to the 10 tubes according to the following schedule: 

1. no inhibitor; 2. VCN; 3. CV; 4. VCN/2; 5. VCN/3; 6. VCN/4; 7. CV, 

VCN; 8. CV, VCN/2; 9. CV, VCN/3; and 10. CV, VCN/4. Tubes were charged 

with 207o CO^ and incubated 24 hr at 36 C with agitation. Chocolate 

agar spread plates were then made to assay the growth of the gonococcus 

and the commensals. 
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As seen in Table 8, growth of the gonococcus was inhibited al

most 997o when VCN was present in the medium as compared to control 

growth without inhibitor. Growth was three times better when the VCN 

concentration was lowered to half strength and was not inhibited at 

one-third strength VCN. Crystal violet had little effect on gonococcal 

growth. Escherichia coli was killed at all concentrations of VCN em

ployed. As expected, crystal violet was ineffective in retarding E_. 

coli growth. Growth of P_. vulgaris was inhibited by 3.5 logs at full 

strength VCN. Inhibition was just under 2 logs at VCN/2 and just over 

1 log at VCN/3. Little effect was seen on Proteus growth when crystal 

violet was present. Lactobacillus acidophilus failed to grow well in 

the enrichment broth under any circumstances probably owing to the 

broth's elevated pH. Candida albicans was profoundly affected by crys

tal violet. Only slight increase in cell numbers in the presence of 

CV was noted and counts actually dropped when crystal violet was em

ployed in combination with VCN. Vancomycin-colimycin-nystatin inhib

ited S_. epidermidis growth approximately 2.5 logs while crystal violet 

inhibited staphylococcal growth one additional log. A combination of 

the two inhibitors appeared to best control growth of this organism. 

One-third strength VCN with CV appeared to best suppress com

mensal growth while allowing uninhibited gonococcal growth. This com

bination of inhibitors was thus chosen for the enrichment broth. 

As a laboratory test of the completed enrichment broth the 

gonococcus and the 5 commensal organisms were inoculated simultaneously 

into one tube of the broth. The gonococcus was inoculated to a final 



Table 8. Response of N. gonorrhoeae and urogenital contaminants to VCN and crystal violet. 

Inhibitor — — — — — — 
gonorrhoeae coli vulgaris acidophilus albicans epidermidis 

None 6.08a 6.51 7.0 2.48 8.90 5.36 

VCNb 4.30 _ c 3.20 

o
 

00 I 6.90 3.70 

CVd 6.28 6.08 6.25 2.67 0.39 2.68 

VCN/2 4.78 - 5.30 2.48 6.0 4.78 

VCN/3 6.34 - 5.43 2.60 7.0 4.84 

VCN/4 6.73 - 7.53 2.61 7.47 5.30 

CV, VCN 4.30 - 3.30 2.30 -0.46 2.48 

CV, VCN/2 4.32 - 4.43 2.49 -1.0 2.59 

CV, VCN/3 6.45 - 5.32 2.67 -0.3 2.67 

CV, VCN/4 6.48 - 7.28 2.60 -1.3 2.70 

*. Inhibitors added to heart infusion broth enriched with hemoglobin and NaHCO . Incubation for 24 
hr at 36 C; tubes charged with 207o CO^. 

a. Figures in table represent log^g (change in organism concentration). Initial concentration of 
gonococcus = 50 organisms/0.1 ml. Initial concentration for commensals = 500 organisms/0.1 ml. 

b. At levels employed in Thayer-Martin medium. 

c. Culture died. 

d. Diluted 1:1,400,000. 



A3 

concentration of 50 organisms/0.1 ml. The other organisms were inocu

lated to a final concentration of 500 organisms/0.1 ml. The tube was 

charged with 207» CC^ and incubated with agitation for 24 hr at 36 C. 

The growth of each organism inoculated was monitored on selective 

media. Thayer-Martin agar was used for the gonococcus. The other se

lective media employed were as follows: Mannitol Salt Agar for Staphy

lococcus epidermidi s, E.M.B. agar for Escherichia coli and Proteus vul

garis, Rogoca medium for Lactobacillus acidophilus, and Littman's 

Oxgall Agar for Candida albicans. Spread plates were made from the 

broth tube after incubation and relative increases in numbers of each 

species were noted. The experiment was repeated with the concentration 

of gonococci lowered to 5 organisms/0.1 ml broth and the concentration 

of Proteus increased to 5000 organisms/0.1 ml of broth. 

The gonococcus increased from 50 organisms/0.1 ml to 4.7 x 10^/ 

0.1 ml. Candida albicans and _E_. coli died out. Lactobacillus acido

philus remained relatively unchanged at 720 organisms/0.1 ml. Proteus 

vulgaris increased to 1820 organisms/0.1 ml but was not visible on the 

T.M. plate inoculated with undilute enrichment broth (this plate exhib

ited confluent gonococcal growth). When the mixture of organisms was 

plated directly on a T.M, plate without pre-incubation in the enrich

ment broth, Proteus overgrew the gonococcus. With this level of Pro

teus contamination, then, the gonococcus is apparently detectable only 

by enrichment. A Proteus concentration of 5000 organisms/0.1 ml over

grew the gonococcus both before and after enrichment. 
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The gonococcus can, then, be isolated from clinical material 

fairly heavily contaminated with Proteus providing a pre-incubation in 

enrichment medium is carried out. 



DISCUSSION 

Objectives of this study were to evaluate gonococcal growth re

sponse to a variety of conditions of primary isolation and to devise a 

medium for enriching N_. gonorrhoeae from mixed inoculum populations. 

Data derived from these studies have import for medical and public 

health laboratory personnel and for epidemiologists. 

The consistently increased survival of the gonococcus in the 

presence of CO^ or HCO^ would seem to argue in favor of the employment 

of a transport medium similar to that of Martin and Lester which comes 

packaged in small bottles containing a 207o CO^ atmosphere. Trimetho

prim toxicity for the gonococcus, however, renders this medium unsatis

factory for many isolates sensitive to the drug. Many laboratories 

currently employ liquid or semisolid transport media similar to the 

medium of Stewart. The incorporation of HCO^ into these media should 

increase gonococcal recovery. A consistent criticism of Stewart's 

medium has been commensal overgrowth during transport. Based on data 

obtained in this study, however, pre-incubation of swabs transported in 

modified Stewart's medium plus HCO^ should allow recovery of the gono

coccus even when commensal contamination is high. 

Considerable epidemiologic significance has been attached to 

colonial appearance of primary gonococcal isolates. Virulence has also 

been stated to be a function of primary isolate morphology (52). Data 

in this study, however, have conclusively demonstrated isolate 

45 
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morphology to be a function of partial oxygen pressure. Subdivision of 

gonococcal morphology into 4 or 5 colony types based on subtle differ

ences in isolate appearance is thus unjustified without strict control 

of pC^. Candle jar incubation is uniquely unsuitable to studies of this 

type, as actual pC^ is unknown and varies with CO^ production. Most 

studies of this type, however, have employed candle jar incubation and 

morphological variants observed may be laboratory artifacts created by 

varying pC>2. 

Gonococcal isolates subcultured more than 3 to 5 times probably 

represent strains maximally adapted to the laboratory environment. It 

is questionable to what extent these isolates reflect the morphology 

and physiology of the parent strains from the patient. Care should 

thus be exercised in drawing conclusions about the gonococcus based on 

a strain whose subculture number is unknown. 

Isolates of Nei sseria gonorrhoeae currently being recovered 

from patients in the Tucson area are extremely homogeneous in response 

to antibiotics. No penicillin-resistant strains were recovered, de

spite reports of their appearance in other parts of the country. Iso

lates originating from S.E. Asia reported to be absolutely refractile 

to all commonly employed chemotherapeutics were not detected, nor were 

isolates observed which were resistant to streptomycin—another com

monly encountered resistance pattern elsewhere. 
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