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CHAPTER I 

INTRODUCTION 

Most strains of Neisseria gonorrhoeae are considered 

to require an increased carbon dioxide tension for primary 

isolation. The reason for this requirement is not known. 

Kellogg et al. (3), utilizing a candle extinction jar 

growth system, demonstrated four colony types of N. gonor

rhoeae . Colony types 1 and 2 were shown to be virulent, 

and it was further demonstrated that virulent cultures 

could be maintained for at least three years by selectively 

transferring Tl and T2 colonies in a CO- atmosphere (4). 

A non-selective transfer results in a loss of virulence 

(4). Virulence was determined by human volunteer studies; 

however, no data was presented concerning the percentage 

of Tl and T2 colonies during these passages. Talley and 

Baugh (5) demonstrated that the supplemental carbon dioxide 

could be replaced with a small amount of NaHCO-. Earl 

et al. (1) demonstrated that this growth system (Nei-Carb) 

could be utilized for the primary isolation of the 

gonococcus. 

The present study demonstrates that a virulent cul

ture of gonorrhea can also be maintained by selectively 

transferring Tl and T2 colonies onto media containing 



bicarbonate. The effect of different concentrations of 

bicarbonate on the growth of virulent and avirulent 

colony types is also presented. 



CHAPTER II 

MATERIALS AND METHODS 

Cultures 

Isolate 752, obtained from the Lubbock City Health 

Unit, was identified as N. gonorrhoeae by the Gram stain, 

oxidase reaction and glucose fermentation. Typing of the 

colonies was done according to the methods and descrip

tions given by Kellogg et al. (3) using a lOX disecting 

microscope with angled, diffuse lighting from beneath the 

colonies. No distinction was made between the Tl and T2 

colonies as both have been shown to be virulent (4). 

Isolate 752 was not able to grow in an open petri dish in 

an air convection incubator without supplemental CO^ or 

bicarbonate. 

Media 

The basal medium consisted of GC Agar Base (Balti

more Biological Laboratories) with 0.5% Agar (Difco) 

added. Isovitalex (BBL) and VCN (BBL) were added at 1% 

each. Sodium bicarbonate, when included, was at a final 

concentration of 0.012M unless specifically stated other

wise. Seven ml of the complete medium were poured into 
2 

sterile 25 cm polystyrene tissue culture flasks (Corning) 



and allowed to solidify. The flasks were warmed to 35C 

prior to inoculation and incubated in an upright position 

Selective Transfer 

Selective transfers were performed at 24 hour inter

vals. Tl and T2 colonies were harvested from the respec

tive growth media with an inoculating loop and placed in 

a test tube containing suspension medium, which consisted 

of the basal medium without any agar. Cell suspensions 

were then shaken on a Vortex Genie Jr. mixer and the cell 

concentration adjusted to an optical density range of 

0.03 to 0.04 at 660 nm on a Baush and Lomb Spectronic 70. 

The cell suspension was diluted 1:1000 with suspension 

medium and a 0.1 ml aliquot was evenly distributed over 

the surface of the agar. Immediately after inoculation 

the flasks with bicarbonate were tightly capped and incu

bated in an upright position in an air convection incu

bator. The flasks without supplemental bicarbonate were 

loosely capped and incubated in an upright position in a 

candle extinction jar. 

Non-selective Transfer 

Initially a suspension of cells from Tl and T2 

colonies was prepared and inoculated into flasks with or 

without NaHCO^ in the same manner as with the selective 

transfer study. After 24 hours the cultures were counted 



and the colony types determined. All the colonies were 

scraped off the agar surface with a sterile glass rod 

into 1 ml of suspension medium. The cell suspension was 

adjusted and the flasks inoculated as described previously 



CHAPTER III 

RESULTS 

The effect of sodium bicarbonate and carbon dioxide 

on the retention of virulence, as measured by the percen

tage of Tl and T2 colonies, during daily selective and 

non-selective transfers is shown in Figure 1. With the 

non-selective transfer cultures, carbon dioxide retained 

the percentage of Tl and T2 colonies above 90% for the 

first three days. After this time, the percentage of Tl 

and T2 colonies dropped rapidly until less than 50% 

remained at Day 7. 

The bicarbonate growth system supported growth equal 

to that in the carbon dioxide system; however, the bicar

bonate growth system was apparently not as effective in 

delaying the loss of virulence. By the seventh passage, 

the percentage of Tl and T2 colonies was essentially the 

same as with the carbon dioxide system. At the end of 

Day 8, only a small percentage of both culture systems 

were composed of virulent colonies, and essentially all 

the remaining virulent colonies were T2 colonies. 

With the selective transfers there was no loss in 

the percentage of Tl and T2 colonies over this same eight 

day period. The percentage of Tl and T2 colonies remained 
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above 95% in both the carbon dioxide and the bicarbonate 

growth systems. 

Figure 2 shows the results obtained when the daily 

selective transfers in both the NaHCO- and CO2 growth 

systems were extended for 90 days. The percentage of Tl 

and T2 colonies remained above 95% in both the NaHCO-. and 

CO2 growth systems. 

The effect of the NaHCO^ concentration on the growth 

and on the percentage of Tl and T2 colonies was also 

studied utilizing a culture that had been selectively 

transferred in NaHCO^ for 30 days (Figure 3). The greatest 

total number of colonies developed in the range from 0.0036M 

to 0.00 84M. Tl and T2 colonies comprised at least 9 7% of 

the growth. Increasing the concentration of NaHCO-. to 

0.012M resulted in a decrease of 35% in the total number of 

colonies and a slight decrease in the percentage of Tl and 

T2 colonies. 

As previously reported by Kidd (2), excellent growth 

was obtained even without supplemental bicarbonate or 

carbon dioxide in the closed system. In Table 1, non

selective second passage cultures were grown in a closed 

system without supplemental bicarbonate or CO2 to deter

mine the types of colonies that developed. Primarily 

colony types 3 and 4 were observed to grow under these 

conditions. 
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TABLE 1 

GROWTH IN A CLOSED 

Isolate # Tl + T2 

5943 

5945 

5948 

5962 

3 

3 

2 

4 

SYSTEM 

T3 + 

68 

73 

81 

79 

T4 



CHAPTER IV 

DISCUSSION 

Results presented in this study clearly demonstrate 

that a virulent culture of N. gonorrhoeae can be maintained 

by selective transfer of Tl and T2 colonies in a bicarbon

ate growth system. No apparent difference in either the 

amount of total growth or in the percentage of virulent 

colonies was observed between the bicarbonate and CO^ 

growth systems. The percentage of T3 and T4 colonies 

obtained from cell suspensions of Tl and T2 colonies 

remained constant throughout the 90 day period. 

With daily non-selective transfers, cells from 

avirulent colonies apparently had a faster growth rate 

than cells from Tl and T2 colonies in the CO2 growth system 

as evidenced by the rapid increase in the percentage of T3 

and T4 colonies after three transfers. The bicarbonate 

growth system was even less effective in delaying the ini

tial decline in the percentage of Tl and T2 colonies. If 

measured by human volunteer studies, at eight days these 

cultures would probably be considered avirulent but it is 

of special interest to note that approximately 20% of 

these cultures were still type 2 colonies. 

12 
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The clinical studies reported by Earl et al. (1) 

utilized O.012M NaHCO^. The present studies indicate 

that greater total growth and a higher percentage of Tl 

and T2 colony types could be obtained if lower levels of 

bicarbonate were utilized. 

Talley and Baugh (5) demonstrated that a concentra

tion of bicarbonate as low as 0.005M would support growth; 

however, the colony types were not studied. In the present 

study, the concentrations of bicarbonate as low as 0.0012M 

supported excellent growth and 99% of the colonies obtained 

were Tl and T2. 

The observation of Kidd (2) that N. gonorrhoeae 

strains that are unable to grow in air are able to grow in 

closed growth systems with a small air space were con

firmed. These studies were extended to non-selective 

transfers and interestingly mostly T3 and T4 colonies were 

obtained in the absence of supplemental bicarbonate. 

Previous studies (1, 5) strongly suggested that 

bicarbonate is utilized by N. gonorrhoeae rather than 

carbon dioxide and that different strains may require dif

ferent concentrations of bicarbonate. Our present studies 

demonstrate that cells from Tl and T2 colonies have a dif

ferent growth response to bicarbonate than cells from T3 

and T4 colonies. Cells from Tl and T2 colonies apparently 

have a definite requirement for supplemental bicarbonate 
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and their growth is definitely effected by small changes 

in bicarbonate concentration. Cells from T3 and T4 

colonies were able to grow in the closed system without 

any supplemental bicarbonate. This difference may in 

part explain why supplemental CO2 (or bicarbonate) is 

needed for primary isolation. 
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