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SECTION I 

INTRODUCTION. 

I 



CHAPTER I. 1. 

INTRODUCTION. 

At a time when such great strides have been made in the 
elucidation of antigenic r elationships in so many groups of 
bacteria, it is perhaps startling to reflect that in the 
field of the gonococcus there has been no major advance for 
about fifty years. 

Undoubtedly we have a far greater assortment of culture 
media at om disposal, but even in 1885 Bumml had no diffic
ulty in growing the gonococcus, and in maintaining it on 
subculture. 

Its biochemical behaviour was accurately recorded at 
the turn of the century by Gordon2 (1905) and others. 

MUller and Oppenheim3 in 1906, followed in the same year 
by Bruck~, obtained positive gonococcal complement-fixation 
tests in a number of their cases, and not even the most 
optimistic among us can claim that we have obtained signif
icantly better results. 

The Nature of the Problem. 

Two major problems in relation to the gonococcus confront 
us today. 

The Problem of Identification. The presence of the typical 
Gram-negative diplococci in the leucocytes from a urethral, 
vaginal, or ophthalmic discharge is, in practice, sufficient 
to establish a gonococcal aetiology with a reasonable degree 
of certainty. 

On the other hand identification of a culture on the basis 
of its colonial morphology, biochemical and serological 
behaviour as N. gonorrhoeae, is a far more formidable problem. 

Some of the less pigmented,non-pathogenic,Gram-negative 
cocci are difficult to distinguish colonially; all show a 
striking preference for enriched culture media, although the 
gonococcus is undoubtedly the most fastidious in this 
respect; and all share a positive oxidase reaction. One is 
therefore reduced to acceptance of the results of fermentation 



2. 
reactions, and, on present day criteria, a Gram-negative 
coccus which ferments glucose only, is a gonococcus. 

On this basis a non-glucose fermenting gonococcus does 
not exist. Such an organism is N.catarrhalis. Yet strains 
of N. gonorrhoeae which f erment glucose weakly and as late 
as four to five days are not uncommon, and we have encount
ered organisms morphologically and serologically indisting
uishable from N. gonorrhoeae which have not fermented 
glucose after ten day s o 

If maltose is fermented as well, the organism becomes 
a meningococcus. carpenter and Charles5 (19ij2) r eported 
the isolation of seven meningococci from the genital tract . 
In one of these patients a previous culture had been 
identified as a gonococcus. In a second patient a gonococcus 
was isolated subsequently. To complicate matters still 
further Johnston6 (1950) labelled her twelve glucose and 
maltose fermenting strains isolated from the genito-urinary 
tract as N. subflava . 

The Problem of Antigenic Variants. The second important 
problem in relation to the gonococcus is that of antigenic 
variants within the groupo Are all gonococci serologically 
identical, or can antigenically distinct types be defined 
within the group? 

Although a considerable amount of effort has been 
devoted to this problem, no really acceptable results have 
emerged. There is a large body of opinion that supports the 
view that all strains are serologically identical. Others 
claim to be able to differentiate definite antigenic groups, 
and these range from two, three, four, to as high as fifty 
two. 

Some workers have interpreted small differences in 
agglutinin titres as indicative of an antigenic difference. 
Others consider strains to be identical if they are able 
to remove the greater part of the agglutinins from an anti
serum in absorption tests . The position, therefore, remains 
as uncertain today as it was in 1907 when Torrey? hazarded 
the first attempt at a serological grouping of these 
organisms. 

The Red Cell Sensitisation Technique. 

In this thesis an attempt has been made to apply a red 
cell sensitisation technique to the elucidation of some of 
these problems. 



Middlebrook and Dubos8 in 1948 published an account 
3. 

of the sensitisation of sheep red cells with a fraction 
obtained from M. tuberculosis. The technique was simply to 
incubate a dilution of Koch's old tuberculin with a suspen
sion of sheep cells and, under these circumstances, a 
polysaccharide fracfion from the tubercle bacillus became 
adsorbed on to the red cells. Cells sensitised in this manner 
became specifically agglutinable by tuberculous antisera. 

The test itself, which became known as the Middlebrook
Dubos test, was not of great value since it lacked specificity 
producing a large number of apparently false positive results. 
The technique, however, represented a major advance in serol
ogical methods, and in the last few years has found wide 
application in such diverse fields as brucellosis9, plaguelO, 
investigation of escherichia strainsll, the detection of 
antibodies against trichomonas i~fectionsl2, and in the field 
of salmonella serologyl3,14,15,16. 

The application of these techniques to the field of 
gonococcal infections was first mentioned by Thomas and 
Menniel7 (1950). Using various methods of extraction, they 
were able to sensitise cells with a gonococcal extract, and 
they obtained positive reactions with the sera of a number 
of cases of chronic gonococcal infection. 

The work described in this thesis is an extension of some 
of the original observations of these workers. The technique 
of red cell sensitisation was adapted both to the performance 
of an absorption test, as well as to the direct estimation 
of antibody titres. Using the absorption method a serological 
study of a series of freshly isolated gonococcal strains 
was carried out. This thesis concerns itself with a description 
of these methods 2 and with the results of their application 
to the problems discussed. 
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CHAPTER II . 

GENERAL . 

Saline. Saline containing o. 85 % sodium chloride in 
distilled water was usedo 

4. 

Sheep cel~s. Sheep were bled via the external jugular vein 
into an MoRoC. blood transfusion bottle containing 50 ml . 
of a 5. 0 % sodium citrate soluti on in saline. Approxim
ately 250 ml. to 350 ml . of blood was taken at a time. On 
a few occasions blood was collected in citrate saline from 
sheep killed at the abbatoir by severing the neck vessels . 
Before use the cells were washed three times with five 
volumes of saline, and finally packed for 25 minutes at 
2500 r . p.m. 

Complement. For complement-fixation tests not less than 
twelve guinea pigs were heart punctured and ten ml. 
blood taken from each animal. The sera were pooled . In 
summer it was necessary to boost this complement with high 
titre complement which had been l yophilised during the 
colder months of the year. When not in use the complement 
was stored at - 200 c. 

For the gonococcal haemolysis test an excess 
of complement was required, and this was provided by 
using a 1 in 15 dilution of the complement remaining from 
the previous day. 

Tubes and racks. Round bottom 75 x 13 mm. tubes were used 
for all haemolysis and complement-fixation tests . Dreyer 
tubes were used for agglutination tests. 

Forty eight hole racks of the usual 
Wassermann pattern made of perspex were used . The trans
parent base permitted the direct reading of haemolysis 
and complement-fixation tests and proved of the utmost 
value. 

Titres. All titres will be expressed in terms of the 
reciprocal of the initial serum dilution. 

' 
Haemolysin. An antiserum against sheep erythrocytes was 
prepared in rabbits and preserved with an equal volume of 
glycerol . The method of preparation and titration employed 
was that described by Kolmerl~. 



Nomenclature. The various gonococcal strains and the 
antigens prepared from them will be r eferred to by ordinary 
capital letters; the corresponding antisera by small lett ers. 

0 • 0 0. • .•• e e e e. 



. CHAPTER III. 6 • 

CULTURE MEDIA. 

After investigating various media, a chocolate agar 
prepared in the following manner was adopted for routine use. 

~- Bacto beef extract 
Bacto tryptose 
Sodium chloride 
Agar 
Water 

pH adjusted to 7.4. 

3. 0 gr ans 
10.0 grams 

5.0 grams 
25.0 grac s 
1000 mls . 

This was autoclaved at fifteen pounds pressure for thirty 
minutes and stored in 500 ml . amounts. 

Enrichment. Outdated human blood bank blood was laked by 
freezing (-20° c.), and then thawing at roon temperaturea 

For use the base was oelted, and then cooled to approx
imately 50° c. Approximately 15 % l aked blood was then added 
and the mixture placed in a boiling water bath. The final 
colour of medium aimed at was a dark reddish brown. The 
average time in the water bath was about three minutes. 
Plates were then poured using not less than 25 ml. of medium 
to a 100 Df:1 . diameter petri dish. 

The use of human blood was determined by its availability 
in alnost unlimited amounts . Sterile horse blood in the 
quantities used (average 150 ml. per day), was not readily 
available. Human blood, however, proved extreLlely satisfactory. 
Laked blood was preferred since it appeared to give a 
mediun of superior quality. 

The type of growth obtained was largely dependant on the 
quality of the medium. Overheating after the addition of the 
blood, using too little medium per plate, or using too little 
blood in proportion to base, all having striking adverse 
effects on the growth of the gonococcus. 

With the best medium a luxuriant growth was obtained in 
eighteen hours, The medium proved eminently suitable for 
overnight primary isolation, as well as for the maintenance 
of stock cultur es. For the l atter purpose the QediUD was 
dispensed in screw capped bottles and stored at 370 c. They 
were subcultured weekly. 



For the investigation of fermentation reactions the 
following medium was usedo 

Bacto beef extract 
Proteose peptone No. 3 (Difeo) 
Sodium chloride 
Bacto agar . 
Phenol red (0.025 %) 
Water 

pH adjusted to 7.4. 

1.0 grarJ 
10.0 grams 

5.0 grams 
12.5 grams 
5.0 mls. 

1000 mls. 

This was autoclaved at fifteen pounds pressure for 
fifteen minutes , and stored in 100 ml . amounts. 

Sugars. 10.0 % solutions of dextrose, maltose, sucrose, and 
lactose were prepared 1 and sterilised by Seitz filtration. 

Enrichment. Ascitic fluid was used. 

For use 100 ml . of the base was melted, cooled to 50° c., 
12.0 ml. of carbohydrate and 30.0 ml . of ascitic fluid added, 
and the medium distributed and sloped in 2.0 ml . amounts in 
screw capped bottles (bijou bottles). 

This medium, having a final agar concentration of about 
1.0 %, provided a soft but sufficiently solid medium readily 
supporting the growth of the gonococcus. 

e O O • • e • e • e O • a 9 • e e 



CHAPTER IV. 8. 

THE GONOCOCCAL STRAINS INVESTIGATED. 

The strains of N.gonorrhoeae used in this investigation 
were obtained from untreated cases of acute gonococcal 
urethritis in males attending the Venereal Diseases Clinic 
at the King Edward VIII Hospital, Durban. 

Smears were made and stained by Gram's method. At the 
same time a previously warmed chocolate agar plate was 
inoculated, and the plates then incubated overnight in an 
atmosphere of co2 which was simply provided by leaving them 
in a closed gallon tin with a lighted candle. Single colonies 
were then subcultured on to further chocolate agar plates. 

Each strain of N.gonorrhoeae investigated originated 
from a single colony from the original culture plate, or 
from a single colony from the primary subculture.All the 
strains fulfilled the following criteria. 

l.In direct smears the organisms presented as Gram-negative 
intracellular diplococci. A few smears, however, had numerous 
pus cells but no organisms on direct examination, the gono
coccus being recovered by culture. 

2.Growth occurred only on enriched media, and, generally, 
only in the presence of an atmosphere of co2• After a few 
weeks on subculture some of the strains grew ~n blood agar 
under ordinary aerobic conditions, the growth under these 
circumstances, however, being poor. 

3.Three types of colonial appearance were observed on choc
olate agar after approximately eighteen hours. 

i. The commoner was a colony one to two mms . in diam
eter, with a convex surface, and an entire edge. 
The surface was smooth, shiny, and translucent. 

iis The less common colony was umbonate and one to 
three mms. in diameter with an undulate edge. 
Both these appearances have been observed on the 
same plate with the same gonococcal strain. Recently 
isolated strains were typically mucoid when manip
ulated with a loopo 

iii.The third and least common type of colony observed 



9. 
was a tiny colony approximately Oo3 mms. in 
diameter after eighteen hours incubation, showing 
a convex surface and an entire edge. It tended 
to lack the mucoid properties of the other types, 
and occasionally required more vigorous decolor
isation in the Gram stain. 

4. When tested with a fres.h 1.0 % aqueous solution of 
dimethylparaphenylenediamine hydrochloride, the colonies 
gave a positive oxidase reaction. The colonies became 
purple in about thirty seconds, and black in five to ten 
minutes. 

5. All the strains fermented glucose, but not lactose, 
maltose, or saccharose. The fermentation of glucose was 
usually obvious overnight, but four strains required two, 
three, four, and five days respectively before the 
fermentation was apparent. 

• 0 • • e e e e • 0 e e O 0 



CHAPTER V. 10. 

PREPARATION OF ANTIGENS. 

Suspensions for the preparation of antigens were prep
ared by harvesting the organisms from chocolate agar plates 
into 20.0 ml. saline in a McCertney bottle. Between three to 
six plates of each strain were harvested daily, and the 
antigens extracted within ten to fourteen days of .the isol
ation of the organisr:i . Thus all the strains investigated 
could reasonably be described as freshly isolated . The 
suspensions were stored at -20° c. prior to extraction. 

Extraction of the Type Specific Sensitising Antigen. 

The suspension harvested from fifty petri dishes was 
washed once in saline, r esuspended in 10.0 ml. saline, and 
0.5 ml . N/1 sodiuo hydroxide solution added. The suspension 
was then placed in a 37° c. water bath un~il solution was 
complete. If the organisn: s did not readily dissolve a further 
o.5 ml. N/1 sodium hydroxide solution was added. 

Excess alkali was then cautiously neutralised by the 
addition of N/1 hydrochloric acid, 0.1 nl. at a tiDe, since 
an excess produced precipitation. This precipitate could be 
redissolved by adding alkali. Fi ve volumes of absolute 
alcohol was then added, and· the flocculant precipitate which 
formed recovered by centrifugation. The supernatant was 
discarded and the precipita te allowed to drain. 

The precipite was resuspended with vigorous shaking in 
20 ml. of a phosphate buffer (pH 6.9). Insoluble vaterial 
was removed by centrifuging. The clear supernatant contained 
two antigenic fractions~ 

i. A fraction which was adsorbabl e on to red cells 
(type specific antig en). 

ii . A fraction which was not adsorbable on to red cells 
but which was active in a compl en ent-fixation test 
(group antig en). 

Sinqe this solution is used in the s ensitisation of red 
cells in the gonococcal ha er:1 olysis test, the term "s ensi tis 
ing antigen" will be used when referring to the solution 
con~aining the type specific, and, generally, the group 
antigen as well . 



The final deposit was also retained and used either 
in absorption tests, or in the preparation of a cooplement
fixing antigen. 

Comment . In general the gonococcal antigens are soluble in 
alkali and precipitated by acid . In order to dissolve the 
sensitising antigen in a slightly alkaline solvent (pH 7.2) 

11. 

a pH of 6.9 was selected as the precipitate to be resuspended 
was strongly alkaline. 

After a variable period of storage the sensitising 
antigen deteriorated as indicated by a loss of its capacity 
to sensitise cells. This loss was associated with a fall in 
pH. Although its activity was not restored on readjusting 
the pH, it was hoped by the use of a buffer to circumvent 
this fall in pH and hence the deterioration of the antigen. 
Thus a 609 buffer was . selected as a solvent for the sensit
ising antigen. 

Preparation of the Complement-Fixing Antigen. 

This was prepared froo either a suspension harvested 
from approximately twenty petri dishes, or frou the deposit 
obtained following the extraction of the sensitising antigen. 
The nethod followed was that described by Pricel9. 

The suspension was standardised to an opacity of 500 
million organiso s per ml. (between tubes 1 and 2 Burroughs 
Welcou e Opacity Standards ). To every 100 ml. suspension 
1.0 nl . N/1 sodiun hydroxide solution was added and the 
suspension placed in a 37° c. water bath till solution was 
complete (approximately 30 minutes). One and a half ml . N/1 
hydrochloric acid for every 1.0 ml. sodiurr:. hydroxide solution 
used, was addede The resulting precipitate was harvested by 
centrifugation, suspended in 4.o ml. saline, and the pH 
adjusted to 7.6 with N/10 sodium hydroxide solution using 
phenol red as indicator. One ml. forool-saline was added 
and the antigen heated at 60° c. for one hour. 

Preparation of Agglutinable Suspensions. 

A saline suspension of gonococci of a density of 1 x 109 
organisms per ml. was prepared by dilution from a concentrated 
suspension stored at -20° c. As this temperature was invariably 
lethal to the organisms, no other attempt was made to "kill 11 

the organisms. Methiolate (lgl0,000) was added as a preserv
at:i,ve. 

. . . . . . . ~ . . . ~ . 



CHAPTER VI. 12. 

PREPARATION OF ANTISERA. 

Very satisfactory gonococcal antisera were prepared in 
rabbits using the following schedule~ 

1st 
4th 
25th 
30th 

day 
day 
day 
day 

0.3 ml . of a heat killed suspension. 
1.0 ml. of a live suspension. 
1.0 ml . of a live suspension. 
Bleed for stock. 

The suspension, containing 1 x 109 organisms per ml. 
was given intravenously via the marginal vein of the ear. 
The initial inoculum was heated at 56° c. for thirty 
minutes . 

Sera prepared in this way gave very satisfactory titres 
in both the agglutination and gonococcal haemolysis tests, 
and proved superior to sera prepared by the more usual course 
of i mmunisation of increasing doses at three to four day 
intervals. 

An initial injection of live organisms, however small, 
proved rapidly and invariably fatal. If, however, a heat 
killed suspension was given initially, subsequent live 
injections in the doses us ed were very well tolerated. 

All antisera were freeze dried in two ml. amounts and 
reconstituted with distilled water as required. 

Antisera were also prepared with the sensitising antigen, 
the group antigen, the typ e specific antigen, and with 
various rough gonococcal strains. These will be discussed 
later. 

0 e • • o O • e O O O o • 0 



CHAPTER VII. 13. 

SENSITISATION OF SHEEP ERYTHROCYTES WITH A GONOCOCCAL EXTRACT. 

Sensitisation of red cells with the type specific 
gonococcal antigen was effected by incubatin8 a saline 
solution of the antigen with red cells at 37 C. 

An appropriate dilution of the sensitis-ing antigen in 
saline was made , and this depended on the nature of the test 
to be performed. In general, a dilution of 1 in 25 was 
satisfactory. 

Packed sheep cells were added to the diluted sensitising 
antigen to give a 2.0 % suspension, and the cells evenly 
suspended by inverting the tube a few times. The suspension 
was then incubated in a 370 c. water bath for one hour with 
occasional shaking. 

The suspension was next centrifuged, the supernatant 
discarded, and the deposited cells washed three times with 
saline using ten mls . for each wash. Finally, the cells were 
resuspended in saline to give a 1.0 % suspension. This 
suspension served as the "antigen" in the gonococcal haemolysis 
test. 

Comment. Sensitised cells were used on the day of sensitisation. 
With storage it was occasionally found that thE cells 
became more easily haemolysed so that the titre with a given 
gonococcal antis erum tended to rise by one to two tubes, 
usually with a trace of haemolysis in the sensitised cell 
control. 

Washing of the r ed cells aft0r sensitisation was an 
essential step in the procedure. The supernatant generally 
contained 11non-adsorbable" gonococcal fractions and the~e 
were able to "block" the action of a gonococcal antiserum 
giving lower titres than expected . This blocking action was 
readily demonstrat ed by preliminary incubation of the serum 
with the supernatant obtained after sensitisation, and using 
this s erum in the gonococcal ha emolysis test. This will be 
discuss ed later. 

• • • • o o • • • e • • 



CHAPTER VI I I. 14. 

THE GONOCOCCAL HAEMOLYSIS TEST. 

Sera. Sera were inactivated at 56° c. for thirty minutes, and, 
in order to remove naturally occurring heterophile antibody, 
absorbed for two hours at 37° C. with half the volume of 
packed sheep cells. 

• Normal cell suspension. A 1.0 % saline suspension of sheep 
cells of the same batch which had been sensitised for use 
in the gonococcal haemolysis test, was made • 

• 
The test. Serial doubling dilutions of the serum were made 
using O.l ml. quantities, the initial dilution with rabbit 
antisera being generally 1 in 32, and the dilutions were 
carried through for twelve tubes. To each tube was then added 
O.l ml. of the sensitised red cell suspension, and 0.1 ml. of 
an excess of comglement. The rack was shaken and incubated for 
one hour in a 37 c. water bath. 

The titre was taken as the highest dilution showing 
clear, sparkling haemolysis. Negatives showed the usual 
button of deposited cells. 

Table 1: Controls in the gonococcal haemolysis 
test. 

Serum 
control 

Sensitised 
cell control 
Normal cell 

control 
Complement 
control 

§ ~ 
~ 'iii 

Cl) 

0.1 * I 

-
-
-

(J) 
s:; • •r-1 CJ) 

~,a 
Cl) 

-
0.1 

0.2 

0.1 

I . I ru V) , ~a 
•r-1 
..p 
•r-1 Cl) 

Cll rl 
s:; rl 
Q) Q) 

Cl) C) 

-
0.1 

-
-

. 
Cl) 

rl 'iii 
~ CJ) 

I f.lr-l 
I Or-I 

:z; CD 
C) 

0.1 
---

0.1 

0.1 

. 
.µ C/l 

§ 'iii 
s 
CD Cll 

r-l Ol 
p. (J) 

§ ~ 
0 CD 

0.1 

0.1 

0.1 
~0.1 ml. of the initial serum dilution was used 

Controls. The controls included are set out in table 1. All 
these controls should show no haemolysis. 



15. 
Haemolysis in the serum control indicated that the 

heterophile antibodies had not been completely absorbed out . 

Even a t r ace of ha emolysis in the sensitised cell control 
alone, indicated that the sensitising antigen was probably 
haemolytic, and hence ~:nsuitable for use . 

Haemolysis in the normal cell control indicated an 
unsuitable batch of sheep cells (either infected, or in 
the case of abbatoir cells, possibly mixed with gastric 
contents)e Sheep cells showing some haemolysis after one 
to two saline washes were obviously unsuitable, and gave 
that type of picture. 

Haemolysis in the complement control alone has not been 
encountered. 



CHAPTER IX. 

THE ABSORPTION TEST. 

General Descriptiono 

In carrying out the absorption test a gonococcal anti
serum is absorbed with sensitised red cells . 

16. 

Prior to the absorption the titre of the serum to be 
absorbed (a) is determined by carrying out the gonococcal 
haemolysis test using as antigen red cells sensitised with 
the homologous sensitising antigen (A) •. These cells will be 
referred to as the test cells, and the titre as the initial 
titre. · · · 

If the absorption is to be carried out with an antigen 
from gonococcus B, B sensitised red cells (hereafter referred 
to as the absorbing cells) are prepared. 

The antiserum to be absorbed (a) is now added to the 
absorbing cells (B), and the suspension allowed to interact 
in the water bath for thirty minutes (figure 1) . The suspen
sion is then centrifuged, and both serum and cells retained. 

Gonococcal antiserum + B sensitised red cells 
(a) (absorbing cells) 

figure 1. 

To follow the progress of the absorption two steps are 
now . carried out. 

I . The serum (a) is titrated in the gonococcal haemolysis 
test to follow the decline in titre, if any, using the 
homologous test cells (A) as the antigen. 

2. The absorbing cells (B) are tested to see whether they 
have abstracted antibodi es from serum (a) . This is simply 
done by the addition of complement. Where absorption has 
taken place, and the absorbing cells have combined with 
antibody, haemolysis will occur on the addition of 
complement (figure 2) . 

[
B sensitised red Antibody~ 

cells + from + Complement -;,.. Haemolysis. 
absorbing cells) serum (a) 

Figure 2. 



If no absorption has occurred, it will be indicated 
by the absence of haemolysis on the addition of 
complement (figure 3). 

17. 

k
-B sensitised red 

cells and 
absorbing cells) 

ant~~odJ + Complement--..,.) hae~~lysis 
taken u~ 

Figure 3. 

The absorption is then repeated by the addition of the 
partially absorbed antiserum (a) to a further volume of 
absorbing cells (B), and the process repeated. 

i 
Absorption is considered comnlete when~ 

I.The antiserum (a) shows no further fall in titre after 
repeated absorption when tested with the test cells (A), 
or when the titre of the serum becomes zero. 

2.The absorbing cells (B) show no haemolysis on the addition 
of complement indicating that they are no longer taking 
up antibodies from serum (a). 

Method. 

Sensitisation of the absorbing cells. To six centrifuge 
tubes were added 10.0 ml. saline, 0.2 ml. of the sensitising 
antigen to be used in the absorption, and 0.2 ml. packed 
sheep cells. These cells were allowed to sensitise in the 
usual way. After the final saline wash the suspension was 
centrifuged, and the supernatant saline not removed until 
the cells were required. 

Sensitisation of the test cells. This was carried out as 
described using a 1 in 2, dilution of sensitising antigeno 
The sensitising antigen should preferably be derived from 
the same organism as was used to prepare the antiserum to 
be absorbed, or failing that to belong to the same gonococcal 
type. 

The antiserum. The serum was inactivated, and absorbed with 
sheep cells as described for the gonococcal haemolysis test. 
It was diluted to give a titre of 64 to 256, i.e. seven to 
nine tubes; a dilution of 1 in 250 was generally adequate. 
The diluted serum was then titrated in the gonococcal 
haemolysis test to determine the initial titre. 
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The absorption. The supernatant saline from the packed 
absorbing cells was removed, and 2.5 mls. of the diluted 
serum added. The cells were evenly suspended by shaking, and 
placed in a 37° c. water bath for thirty minutes. The tube 
was then centrifuged, and both serum and absorbing cells tested 
as follows: 

Serum. The serum was titrated in the gonococcal haemolysis 
test using the test cells as an antigen. 
Absorbing cells. The cells were resuspended in 10.0 ml. 
saline. Two tubes were then set up as indicated in table 2. 

Table 2: The test carried out on 
the absorbin~ cells. 

Tube 1 
Saline 0.3 ml 

Absorbing cells 0.1 ml 
Complement (excess) o.4 ml 

2 
0.7 ml 
0.1 ml 

After shaking these were incubated at 37° c. for one hour. 

The serum was then reabsorbed with a second lot of 
absorbing cells, and the process repeated. 

Absorption was considered complete when the absorbing 
cells showed no further evidence of having taken up anti
body, i.e. showed no haemolysis in tube 1, tube 2 serving 
as a control (table 2). In practice, howev er, once the titre 
of the serum became zero (usually after two to three absorp
tions under the conditions cited), the absorbing cells 
inevitably became negative aft er a further one to two absorp
tions, and in such a cas e the absorption was considered 
complete after the serum became negative when tested with the 
test cells. 

When the serum was notabsorbed out, however, the reaction 
of the absorbing cells was the only indication that the absorp
tion was complete, and the test was carried on until that 
stage was reached. This usually required between four to six 
absorptions. 

Examples of two absorption tests are set out in table 3. 
A type I gonococcal antiserum was absorbed with cells 
sensitised with the type I gonococcal antigen, and with cells 
sensitised with the type II gonococcal antigen. 



Table 3: An absorption of a type I antiserum (n) by 
i. a type I antigen (J), 
ii. a type II antig en (E)o 

Antiserum Type I (n) 
A ___ b_s_or ___ b_in__._.._c"'-e"'-1...;.ls___,. _ _,,,,_ __ T~ __ e;_,..;;;I...,...,,._J~-,:-,,,--,-.,,,...-..;;;;TJ<..y.._p_e--=-II~(=E_.)~-

S erum Absorbing Serum Absorbing 
Stage titre cells titre cells 

Initial 12 12 
Absorption 1 8 + 64 
Absorption 2 O + 32 
Absorption 3 0 ~ 32 
Absor tion 4 2 

+ 
+ 
;.I; 

+=haemolysis; ±= partial haemolysis;-= no haemolysis. 

Thus a type I gonococcus has completely exhauted a 
type I gonococcal antiserum. 

A type II gonococcus, however, is unable to absorb out 
a type I antiserum. 

• e O e O • e O e O e • 
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CHAPTER X. 20. 

THE. GONOCOCCAL AGGLUTINATION TEST . 

Serial doubling dilutions of the serun to be tested 
were nade in Dreyer tubes using 0.25 nl. quantities. Again 
the initial serun dilution depended on the anticipated 
titre and varied froo neat serurJ to one in sixteen, the 
dilutions being carried through for twelve tubes. 

An equal volune of gonococcal bacterial suspension was 
added to each tube, the rack shaken, and incubated at 56° c. 
for eighteen hours. 

A control with saline replacing serun was included. 

The titre was t aken as the highest dilution showing 
nacroscopic agglutination. 

• • • • • • • • • • • • 0 • 



CHAPTER XI. 21. 

~ GONOCOCCAL COMPLI:MENT-FIX:ATION TEST. 

In general the Kolo erl8 technique of overnight fixation 
in the cold was followedo 

Antigenic and Anticoopleo entary Titration of the Antigen. 

Two rows of twelve tubes were set up. To each row was 
added: 
l~Antigen. Serial doubling dilutions using 0.25 Dl. quantit

ies starting with undiluted antigen. 
2.Serum.To each t ube of the antigenic titration was added 

0.25 ol . of an inactivated gonococcal rabbit antiserun 
diluted one in fifty. In the anti cooplenentary titration 
saline was added instead of serun. 

Table 4: Controls in the antigenic and anticooplenen
tary titration of a gonococcal antigenj and 
in the gonococcal cooplenent-fixation test. 

I...., I ,1 
A I ~ 

~~ I i--1 ·a_ ,. ~L-, 
,=;" (Do A Ir, • • 

o· .~~ ::i:: l tf.l I -;;~ }1 I~ :
1

i j1 i j1 
I .::1 o , 

Haenolyti-c--+--, --...--.. --.-, ---+--, - ! G-i O ,..: - .. - .· -+, --.. ---
sys ten control - Oo5 - o.5 i ~~ 10.25 j 0.25 

Corpuscle b.O+:> I · 
control - 1~ o - - ·e .~ o. 25 I o. 25 
Serun (D I 

control - 0.,25 j0~25 • o.5 6 o.25 0.25 
Antigen* 
control 0.,25 0.25 0.5 0.25 0.25 

* This is not required in the antigenic and anticoo
pleo entary titration of the antigen. 

3.coopleoent. Two full units of coopleo ent coLtained in 0.5 ful. 
saline was added to each tube. The cor.-: pler.:ent titre for the 
purpose of standardisation of the antigen was that 
obtained when titrated against the Kolo er Wasseroann 
antigen. 
The rack was then gently shaken and left at approxioately 
6° c. overnight. It was then incubated at 37° c. for thirty 
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minutes. 

4.Haemolysin. Two units of haemolysin in 0.25 ml. saline was 
added to each tube. 

5.Sheep cell suspension (2.0 %). Finally 0.25 ml. of a 2.0 % 
sheep cell suspension was added to each tube. 
The rack was shaken and incubated in a 37° C. water bath 
for one hour and read in the usual way. 

6.controls. The controls included are set out in table 4. 

The antigen was used in an amount equivalent to not less 
than one third or one fourth of its anticomplementary unit. 
Table 5 shows the results obtained with various antigens. 

Table 5: Antigenic and anticomplem-
entary titrations of four 
gonococca 1 t· an igens. 
Antigenic A. C. Dilution 

Antigen in a in a for dilution dilution 
of g of g use g 

A 64 2 16 
C 32 4 16 
M 128 4 30 
J 1024+ 16 250 

There was no detectable difference in antigens prepared 
from a suspension of whole organisms, or from the deposit 
following the extraction of the sensitising antigen. 

It is noteworthy that all the antigens were anticomplem
entary to a greater or lesser extent. 

The Complement Titration. 

Details of the complement titration are set out in 
table 6. The last tube (11) serves as a control. 

The smallest amount of complement giving complete 
sparkling haemolysis was the exact unit (Kolmer). The next 
tube contained the full unit. Two full units were employed 
in the test. 
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Table 6: The cor::pl enent titration 
for the gonococcal coopleoent-
fixation test. 

.µ co...-.. 
s.::: r-i • 

s.::: s.::: •r-1 r-i r-i 
(l) (l)...-.. I (l) (I) (I) s 

(l) so tlD • . s.:::...-.. >., (I) ()..._, 

'§ ~ <'I ·r-1 r-i I •r-i • r-i+>....-... ~ 
.µ s ~~ O•r-i • P.. 

E-t P..Q s.::;..._, @§~ (1)0 
S•r-i ~ I U)..._, (l) • 
0 ctl ..._, .s:: C\I ur-i ::r: C\I U) 

1 I o. 2 o. ' 1.3 o. o. 
2 o. 25 0.5 1.3 . o.5 0.5 . s s 3 I 0.3 0.5 1.2 0 0.5 o.5 0 

4 I O. 3 5 0.5 1.2 ,.q 0.5 o.5 ,.q 

5 I 0.4 0.5 1.1 (l) 0.5 0.5 (l) 
s.::: s.::: 

6 1 o. 45 0.5 1.1 0 o.5 0.5 0 

7 0.5 0.5 1.0 H o.5 0.5 H 
0 0 

8 0.55 o.5 1.0 <"+-i 0.5 o. 5 
9 o.6 0.5 0.9 . o.5 o.5 • u 

10 o. 65 o.5 0.9 0 o.5 0.5 
11 2.0 I:'-- o. <'I 

The Gonococcal Coopl ecent-Fixation Test. 

Sera were inactivat ed at 56° c. for thirty c inutes. 
Serial doubling dilutions of the serun were nade, using 0.25 
nl. quantities for ten tubes. 

Antigen ( o. 25 nl.) and two uni ts of conplen ent in o. 5 Dl. 
saline were added, the rack shaken, and left at approxinately 
6° C. overnight. After incubation at 37° C. for fifteen 
r2inutes, two uni ts of haevolysin in o. 25 c l. saline and o. 25 L''<l. 
2.0 % sheep cell suspension were added, the rack shaken, and 
incubated at 37° C. for thirty oinutes. 

The controls are those set out in Table 4. 

• • • 0 • • e • 0 0 • e 



SECTION III 

EXPERIMENTAL INVESTIGATIONS. 



CHAPTER XII. 

FACTORS CONCERNED IN THE ADSORPTION OF A GONOCOCCAL 

ANTIGEN ON !VO RED BL.GOD· CELLS. 

24. 

There are a nunber of variables involved in the process 
of adsorption of an antigen on to red cells. These are: 
I.Variation in the concentration of the sensitising antigen. 
2.Variation in the tine of interaction. 
3.The effect of tenperature. 
4.The capacity of the red cells to adsorb antigen. 

The following experic ents were devised to investigate 
the i oportance of each of these f ~ctors in the gonococcal 
haenolysis test. The sensitising antigen er:2ployed was one 
extracted froo fifteen pooled newly isolated gonococcal 
strains. The sane rabbit gonococcal antiserur.~ was enployed 
throughout. 

The only variation froo the technique described was 
that the sensitised cells were used in an o.5 % suspension 
instead of the 1.0 % suspension finally adopted for routine 
use. 

Variati6tl in the Concentration of .the Sensitising Antigen. 

In this experic ent the aoount of antigen adsorbed on to 
the red cells was varied by sensitising cells with dilutions 
of antigen froo 1 in a 100 to 1 in 25. 

Table 7: The effect of variation in the dilution of the 
antigen used in sensitising the red cells on 
the titre in the onococcal haeool sis test. 

Dilution of T·t . 1 h 1 · t t Sensitising ires in gonococca aeoo ysis es. 
Anti en 12 1024 2o48 40 6 81 2 16 84 
1 in 100 + + + 
1 in 90 + + + + 
1 in 70 + + · + + 
1 in 50 + + + + ± 
lin2 + + + + ± 

+ =haenolysis; ± = partia ha eoolysis ;- = no haeno ys s. 
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As will be shown subsequently the red cells are capable 

of adsorbing all the antigen to which they are exposed, and, 
thus, increasing the concentration of the sensitising antigen 
automatically increased the degree of sensitisation. The 
effect of this progressive increase in sensitisation was 
determined by testing these sensitised cells in the gonococcal 
haemolysis test against aliquot portions of the gonococcal 
antiserum. 

It will be seen from table 7 that as the degree of 
sensitisation was increased from 1 in a 100 to 1 in 70, the 
titre rose correspondingly from 1024 to 4096. Further 
increase in sensitisation to 1 in 25, however, resulted in 
no corresponding titre rise . 

Thus as the degree of sensitisation was increased, there 
was a corresponding rise in titre until a maximum was reached 
which may be interpreted as the titre of that particular 
antiserum. 

Variation in the Time of Interaction. 

The effect of variation in the period of sensitisation 
was next investigated. 

Two dilutions of the sensitising antigen were made, 
1 in 50, and _l in a 100. Cells were added to make the usual 
2. 0 % suspension. Each suspension was then divided into five 
portions, and placed in the 370 C. water bath. 

Table 8g The effect of variation in the period of 
sensitisation on the titre in the gonococcal 
h 1 t t aemo .vsis es . 

1 in 100 1 in 50 
sensitised cells sensitised cells 

Time in 
Titres in the gonococcal Titres in the gonococcal 

haemolysis test haemolysis test "18.ter bath ).02£i: 2048 _4096 4096 8192 16,284 f hour + . ± - + ± -
1 hour + ± - + ± -
2 hour + ± - + ± -
3 hour + ± - + ± -
5 hour + ± - + ± -

+ = haemolysis; ±=partial haemolysis; - = no haemolysis . 
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One tube from each batch was removed after ! 1 2, 

3,and 5 hours, and the cells washed and resuspenJeJ in the 
usual way. They were then t es ted in the gonococcal haemolysis 
test against the rabbit gonococcal antiserum. 

The results are set out in table 8. After thirty minutes 
sensitisation the titre in the gonococcal haemolysis test was 
1024 in the case of the 1 in 100 sensitised cells, and 4096 
in the cas e of the 1 in 50 sensitised cells. Prolonging the 
period of incubation to as long as five hours did not result 
in a further rise in titre. 

Thus sensitisation of the r ed cells occurred rapidly, 
and prolonging the period of sensitisation did not influence 
the titre attained with a particular antiserum. 

The Effect of Temperatur e on Sensitisation. 

A batch of red cells was sensitised with a 1 in 50 
dilution of sensiti"sing antigen. One portion was left at 
4° C. for one hour, and the second at 370 c. for one hour. 
These two batches of cells were then washed, resuspended in 
the usual way, and tested in the gonococcal haemolysis test. 
The results are shown in table 9. 

Table 9: The effect of temperature on the 
sensitisation of red cells. 

Temperature of Titre in the 
sensitisation. onococcal haemol sis test 

c. 32 
37° c. 4096 

Thus an adequate temperature was necessary for the 
rapid adsorption of a gonococcal antigen on to the red cells. 
A temperature of 37° c. was adequate for this purpose. 

The Capacity of the Red Cells to Adsorb Antigen. 

In this experim ent a single batch of red c ells was 
exposed to six successive portions of sensitising antigen. 
The effect of this repeated s ensitisation was investigated 
by testing a portion of thes e cells after each sensitisation 
in the gonococcal haemolysis test using the same antiserum 
as in the previous experiments. 
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In addition the supernatant fluid after each sensit

isation was investigated to see whether all the antigen had 
been removed by the red cells, or whether there was residual 
antigen in the supernatant. This was simply done by adding 
fresh red cells to the supernatant, and allowing sensitis
ation to proceed in the usual way . These cells were then 
tested against the gonococcal antiserum. 

The detailed experiment was as follows: 

The sensitising antigen was diluted 1 in 50. 

Step 1. 0.1 ml. packed sheep cells was added to 5.0 ml . 
sensitising antigen, and placed in the 370 C. water bath for 
thirty minutes. The suspension was then centrifuged, and both 
the cells and supernatant retained. 

a.Cells .These were resuspended in 20 ml. saline. Two 
ml. were removed, washed three times, and tested with 
the gonococcal antiserum in the gonococcal haemolysis 
test. 

b.Supernatant.To the 5.0 ml. supernatant 0. 1 ml. sheeg 
cells was added, and the suspension incubated at 37 
C. for thirty minutes. The cells were then washed 
three times, resuspended in 20 ml . saline, and tested 
with the gonococcal antiserum in the gonococcal 
haemolysis tesL 

Step 2. The 18 ml . cell suspension remaining from stage la 
was centrifuged, the supernatant saline discarded, and 4.5 ml . 
of fresh sensitising antigen added to these already once 
sensitised cells. They were then incubated at 370 C. for 
thirty minutes, and then centrifuged. 

a .Cells.The cells were suspended in 18 ml . saline and 
2.0 ml. removed for testing in the gonococcal 
haemolysis test. 

b.Supernatant.To the 4.5 ml. supernatant was added 0.09 ml . 
of packed sheep cells. After further incubation these 
were washed, suspended in 18 ml . saline and tested as 
described. 

This process was repeated in steps 3 to 6 using the following 
quantities. 

Step 3. The 16 ml. residue from step 2a was again centrifuged 
and 4.o ml . fresh sensitising antigen added . 

a .Cells. The cells were suspended in 16 ml. saline and 
2.0 ml. abstracted. 

b.Supernatant.To the 4.0 ml. supernatant was added 0.08 
packed sheep cells. These were finally suspended in 
16 ml . saline. 



Step 

Step 

Step 
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4 . 3.5 ml. sensitising antigen was employed. 
a.Cells.These were resuspended in 14 ml . saline. 
b.Supernatant.To the 3 . 5 ml. supernatant was added 0.07 ml . 

packed sheep cells. These were finally resuspended 
in 14 ml . saline. 

5. 3.0 ml. sensitising antigen was employed. 
a.Cells.These were resuspended in 12 ml . saline. 
b.Supernatant.To the 3.0-ml. supernatant was added 0.06 ml. 

packed sheep cells. These were finally resuspended 
in 12 ml . saline. 

6. 2.5 ml . sensitising antigen was employed. 
a .Cells.These were resuspended in 10 ml . saline. 
b.Supernatant.To the 2.5 ml . supernatant was added 0.05 ml . 

packed sheep cells. These were finally resuspended 
in 10 ml . saline. 

Thus throughout the experiment the cell suspension during 
sensitisation was maintained at 2.0 %, and the suspension for 
testing in the gonococcal haemolysis test was maintained 
at 0.5 %• 

Table 10~ The effect of six sensitisations on a single 
batch of red cells in the gonococcal 

+ 

haemolysis test, and the estimation of residual 
antigen in the supernatant following each of 
these sensitisations. 

Titres in the 
gonococcal haemolvsis test 
with cells following successive 

Sensitisations sensitised with the resensitisation of a 
supernatants. batch of red cells. 

Neat 2 4 1024.._go48_4996 8192 163?...4_ 
1 + + 
2 + + + ± 
3 + + + ± 
4 + + + ± 
5 + + + ± 
6 + + + ± 

= haemolysis; £ = partial baemolysis; - = no haemolysis . 

The results are set out in table 10. The supernatant 
removed after sensitising a batch of red cells contained no 
residual antigen capable of being adsorbed on to red cells 
and detectable in the gonococcal haemolysis test, and this 
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was still the case after the r ed cells had been subjected 
to five previous sensitisations. 

Thus the red cells were able to take up all the adsorbable 
antigen to which they were exposed; once the titre of the 
serum was reached, ho~ever, this enhanced antigen content 
was not reflected in the titration. 

Summary 

To sum up, adsorption of a gonococcal antigen on to 
red cells takes place rapidly at 37° C. The red cell will 
take up all the adsorbable antigen available in the solution. 

Thus the only variable will be the degree of sensitis
ation and this is determined solely by the amount of antigen 
present during the process of sensitisation. 

This latter factor has an important influence as far 
as the specificity of the reaction is concerned, especially 
when dealing with human antisera. In applying the gonococcal 
haemolysis test to the detection of gonococcal antibodies 
in patients, it was found that oversensitisation resulted 
in low titre reactions with a proportion of apparently 
normal sera. 

D O e e • e e O • e e O O O 



CHAPTER XIII. 

THE S-R CHANGE IN THE GONOCOCCUS. 

Fifteen gonococcal strains which were isolated in 
October, 1951, were maintained on chocolate agar slopes, 
and subcultured at seven to ten day intervalse A sensit
ising antigen was extracted as described, and, when used 
to sensitise cells at a dilution of 1 in 50, reacted to 
titre with various rabbit antisera . These titres varied 
from 1024 to 16,384. 

30. 

After four months on subculture further suspensions of 
these organisms were made, and extracted in the identical 
manner . This extract, however, even when used 1 in 5, failed 
to sensitise cells in the gonococcal haemolysis test when 
test ed with the same sera used originally . These observations 
have been confirmed with further gonococcal strains. 

Thus, there is an antigen present in recently isolated 
gonococcal strains which can be adsorbed on to red cells, 
and which sensitises these cells in the gonococcal haemolysis 
test. This antigen is gradually lost on subcultur e , and, under 
the conditions described, this loss is complete after four 
to five months. 

The loss of this antigen is associated with a change 
in the cultural character of the organism. The recently 
isolated gonococcus is typically sticky and mucoid. It 
tends to stick to the agar so that when attempting to 
transfer the culture to a platinum loop it is tenuous and 
tends to snap back, either to the agar or on to the loop. 
With the loss of the sensitising antigen, however this 
stickiness of the culture disappears, it becomes tar drier, 
and it is harvested with much less difficulty. 

There is a third associated change, and that is a loss 
of agglutinability of the organism with gonococcal antisera 
prepared with recent strains. This will be discussed at 
greater length subsequently. 

It is suggested that this change in the gonococcus is 
exactly analogous to the Smooth-Rough change first demon
strated by Arkwright20 in relation to the enterobacteriaceae, 
and since then in many other groups of bacteria. 

• 0 0 0 0 0 e D O O O e 



CHAPTER XIVo 

THE DEMONSTRATION OF TWO ANTIGENICALLY 

DISTINCT GONOCOCCAL TYPES. 

31. 

Eighteen gonococcal strains were obtained from cases of 
acute urethritis and antisera prepared with each of these 
strains. 

It was soon apparant, when these strains were investig
ated by the gonococcal haemolysis, agglutination, or comple
ment-fixation tests, that there was marked cross reaction, 
and no obvious antigenic differences could be distinguished. 
These results are discussed more fully subsequently. Absorp
tion tests using sensitised cells were then carried out. 

Table 11: The results of absorption tests with 
red cells sensiti sed with a gonococcal 
antigen using eighteen gonococcal 
strains and their antisera. 

Gonococcal Gonococcal antisera 
anti ens b c def hi j km n pr st u v w 

B - - - - - - - - - - - - - - - - - -
C - - - - - - - - - - - - - - - - - -
D - - - - - - - - - -
E +++ .. ++~ + +++--++++++ 
F - - - - - -
H - - - - - - - - - - - - - -
I + + + - + .+ - + + + + - + + + +: + :+ 

J - - - - - - - - - - - - - - - -
K - - - - - - - - - - - -
M - - - - - - - - - - - - - -
N - - - - - - - - - - - -
p +++-++-+-!•++-+++·'·++ 
R - - - - - - - - - - - -
s - - - - - - - - - - - - - - - -
T - - - - - - - -
u - - - - - - - - - -
V - - - - - - - - - - - - - -
w - - - - - - - - - - - - - - - - - -

= Antigen will absorb out the correspon ing 
antis crumo 

+ = Antigen will not absorb out the correspon
ding antiserum. 
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The method was to take two strains and their corres

ponding antisera. If these two strains were able to exhaust 
each others' antisera they were accepted as being identical. 
One of these two strains and its antiserum was then cross 
absorbed with a third strain and the antiserum corresponding 
to the third strain. If these latter two mutually absorbed 
out each others' sera, all three strains were accepted as 
identical. 

The results of cross absorbing eighteen gonococcal 
strains and eighteen corresponding antisera are set out in 
table 11. Less than half the cross absorptions listed in 
the table were actually carried out. vJhere two strains were 
proved identical within the limits of the technique, the 
anticipated result for the second strain .has been entered 
in the table. The strains fell into two groups. 

Type I • . Fifteen strains which were able to exhaust all 
eighteen antisera. 

Type II. Three strains, E , I, and P, which were able to 
exhaust each others' sera but not the sera corres
ponding to the fifteen strains listed as type I. 

Some examples of these absorptions are set out in tables 
12 and 13. 

Table 12g The absorption of a type 
serum (c) by i.a type I 

ii.a tY,12e II 
Antiserum 

Absorbin cells 
Stage 

Initial 
.Absorption 1 
Absorption 2 
Absorption 3 
Absor tion 4 

Type 
T e I N 

Serum Absorbing 
titre cells 
12 

8 
0 
0 

+ 
+ 

I gonococcal anti
antigen (N), 
anti~en (I). 
I (c ---

T e II I 
Serum Absorbing 
titre cells 
12 

64 
32 
32 

2 

+ 
+ 
:I: 

+ = haemolysis ~± = partial haemolysis; -= no haemolysis. 

These absorptions were performed with sensitised cells. 
That the identical results were obtained when the absorptions 
were performed with whole organisms was shovm in the 
following experim ent. 



Table 13: The absorption of a type II gonococcal 
antiserum (e) by 

Antiserum 
Absorbin cells 

io a type I antigen (N), 
ii. a type II antigen f P~. 

Type II e 
T e I N T e II P 

Stage Serum Absorbing' Serum Absorbing 
titre cells titre cells 

--In:::--i."'ltr:i:-a-::1--+----'-2~,;-.;;..--,,---....;;;..c;- 2 

Absorption 1 4 + 8 
Absorption 2 O + O 
Absorption 3 0 + 0 
Absor tion 4 0 0 

+ 
+ 
+ 

+ = haemolysis ;± = partial haemolysis ;- = no haemolysis. 

33. 

Fifteen plates of a smooth type II strain (I) were 
harvested into saline and the suspension centrifuged. The 
supern~tant was discardedo The organisms were then resus
pended in 5.0 ml. of an undiluted type I antiserum (n), and 
absorption allowed to proceed at 37° C. for one hour. The 
absorbed serum was then recovered by centrifugation. 

This n gonococcal antiserum was then tested in the 
gonococcal haemolysis before and after absorption using 
red cells sensitised with a 1 in 25 dilution of a· type I, 
and a type II sensitising antigeno The results are set out 
in Table 14e 

Table 14: The effect of absorption 0£ a type I gono
coccal antiserum (n) with a suspension of N. 
gonorrhoeae (typeII) on the titre in the gono
coccal haemolysis test using type I and type II 
sensitised test cells. 

Type I 
antiserum (n) 

Titres in the gonococcal haemolysis test 
Type I Type II 

sensitised cells sensitised cells 
Unabsorbed 
Absorbed 

Thus a type I serum nfter absorption-with type II 
gonococci hua no further activity against type II sensit
ised cells in the gonococcal haemolysis test, but was still 
able to react to high titre with type I sensitised cells. 
These results then nre the same as those obtained when a 
type I antiserum was absorbed out with type II sensitised 
cells. 
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It is clear from these results that these two gonococcal 
types possess an antigen in common. The type I gonococcus, 
however, must possess an additional antigen not present in 
th~ type II gonococcus. The situation can be simply 
represented as follows (table 15): 

Table 15: Representation of the antigenic 
structure of type I and type II 
gonococci as shown by absorption 
tests with sensitised red cells. 

N. gonorrhoeae Antigen Antiserum 
~ype I j A + B a + b 
'!ype II _ A _a __ _ 

Thus a type I gonococcus can completely absorb out both a 
type I and a type II antiserum. The type II gonococcus, 
however, lacking· antigen B, is unable to completely absorb 
out a type I antiserum. 

It must be emphasised that all these strains were 
extracted and tested within ten to fourteen days of primary 
isolation so that type II is not a transition stage in the 
S-R change. The progression to the rough stage is associated 
with the extraction of an antigen of decreasing potency as 
determined by its capacity to sensitise cells in the gonococcal 
haemolysis test. Eventually a sensitising antigen can no longer 
be obtained. A transition from one type to another has 
never been observed. 

e • • o • • • • • • • • o • o • 
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CHAPTER XV. 35. 

THE GROUP ANTIGEN. 

By the group antigen is meant an antigen which is not 
adsorbable on to red cells, and is common to all gonococcal 
strainso The group antigen can be investigated in various 
ways. 
l.A gonococcal antiserum contains antibodies against the 

group antigen, and the type specific antigen. By absorbing 
the antiserum with sensitised cells antibodies against 
the type specific antigen can be completely removed. Such 
an .absorbed antiserum will be active only against the 
group antigen. 

2oThe type specific antigen can be removed from a prepara
tion which contains both the group antigen and the adsor
bable type spe8ific antigen . 
i. The sensitising antigen often contains both type 

specific and group antigens. The type specific antigen 
is completely removed by adsorption on to red cells. 

ii.The bacterial residue following alkali extraction and 
alcoholic precipitation of the gonococcal suspension 
can be washed free from the water soluble type specific 
antigen. 

Thus antigens containing only the group factor can be 
prepared. 

The methods employed were agglutination and complement
fixation using both the absorbed and unabsorbed antisera 
and antigens. 

Th e Use of Absorbed Antiser a . 

Antisera representing both gonococcal types were 
absorbed out with red cells sensitised with the homologous 
sensitising antigen. These antisera were: 

Type I antiserum (j) diluted 1 in 25. 
Type II antiserum (i) diluted 1 in 20. 

These dilutions were selected so as to permit a reasonably 
easy absorption, and still give a positive complement
fixation titre of at least two to three tubes. Even so, 
twelve to nineteen absorptions using 0.5 ml . sensitising 
antigen for each absorption, were required before the sera 
gave negative gonococcal haemolysis tests, and before the 
absorbing cells no longer haemolysed i n the presence of 
complement. 
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The original unabsorbed serum and the absorbed serum 
were then tested in the gonococcal haemolysis test, 
agglutination test, and complem ent-fixation test. All the 
titres have been expressed in t er ms of an undiluted serum, 
i.e. the titres in the case of serum j have been multiplied 
by 25, and in the case of serum i by 20. 

Table 16: The results of the gonococcal haemolysis, agglutin
ation, and complement-fixation tests with gonococcal 
antisera before and aft er absorption with sensitised 
red cellse 

Titres with antigen J Titres with antigen I 

Sera using using 
Unabsorbed Absorbed Unabsorbed Absorbed 

serum serum serum serum 
Gonococcal j 16384 0 8192 0 haemolysis i 163 84 0 4096 0 test 

Agglutination j 400 I 400 200 200 
test i I 160 I 320 1280 1280 

Compl ement- j 100 200 25 25 fixation i 4o 4o 40 20 
test 

The results (table 16 ) show that when all antibodies 
reacting in the gonococcal haemolysis test were abs orbed out 
of a gonococca:l antiserum, the absorbed serum showed no loss 
of titre whatsoever in agglutination and complement-fixation 
tests . Comparison of titr es with absorbed and unabsorbed 
sera in agglutination and complement-fixation tests show a 
variation no gr eater than one tube ; a variation well within 
the margin of error of a serological t est& Some exceptions 
to thes e obs erva tions will be discussed later& 

Thus a gonococcal antiserum prepared with a smooth 
gonococcal strai n contains two distinct antibodies~ 

1. One which is active in the gonococcal haemolysis test. 
2o One which is active in an agglutination, and complement

fixation test. 

The assumption is that these two antibodies are active 
against two distinct antigens present in the gonococcus. 
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The Use of Absorbed Antigens. 

The problem can be approached from another angle, viz. to 
observe the effect of removal of the type s pecific fraction 
from an antigen containing fractions active in both the 
gonococcal hae~olysis tes t and t he complement-fixation test. 

Method. One mlo of sensitising antigen was added to nine. mls. 
saline. 
i. Five mls. were retained, and will be refer red to as the 

unabsorbed antigen. 
ii.To the second f i ve mls. were added 1.0 ml. of packed 

sheep cells. The suspension was incubated in a 37° c. 
water bath for one hour. The sheep cells were then removed 
by c€ntrifugation. In this way the type specific antigen 
was completely removed. This fraction will be referred to 
as the absorbed antigen. 

These two fractions wer e then tested as follows: 
i. For their capacity to sensitise cells in the gonococcal 

haemolysis test by testing cells so sensitised with the 
homologous antisera. 

ii. For their antigenicity in a complement-fixation test 
by performing an antigenic titration as described. 

iii.For anticomplementary activity as described. 

Table 17: The eff ect of removal of the type specific 
fraction from a gonococcal antigen on the gono
coccal haemolysis test 7 on its complement-fixing 

t· 't d ·t t' 1 t . t· 't a c 1.v1 ;y .. an on 1 s an 1comp emen arY ac 1.v1. y. 
Titres in the Complem-ent- Anti-gonococcal fixing complementary haemolysis activity* activity test 

'O 'O 'O 
Q) 'O Q) 'O $ 'O 

..0 Q Cl) Q ..0 Q Q) Q Q Q) Q 
H Cl) ..0 Q) H ~ ..0 Q) H (]) ..0 ~ Antigen o. b.O ~ b.O 0 H b.O 0 b.O H 
2' •ri •ri Ol •ri 0 •ri O'l •ri 0 •ri 

I 
.p {I) .p ..0 .p O'l .p ..0 .p tf.l .p 

(IJ Q ..0 Q Qj Q ..0 Q Qj Q ..0 Q 
Q Qj c:c: Qj Q Qj c:c: Qj i Q Qj c:c: Qj 
:::i :::i :::i 

I 4096 0 0 0 0 0 
J 16384 0 1280 1280 0 0 
K 32768 0 640 320 0 0 
M 16384 0 1280 1280 0 0 
N 16384 0 1280 1280 0 I 0 
R 4096 0 0 0 0 0 s 16384 0 0 0 0 0 
T 

I 
8192 0 4 0 4 0 0 0 

u 16184 0 0 0 0 0 
"The com lement-fix:in activit nas be n ex r ess d as h P g y e p e t e 
highest initial dilution of the sensitising antigen which 
deviated complement. 



The results are set out in t able 17 and they bring out 
a nunber of points. 

38. 

1. Various sensitising antigens differ in their content of 
the complement-fixing antigen, and this varies from nil 
to 1 in 1280. 

2o Complement-fixing activity of the antigen is uninfluenced 
by removing the type specific antigen by adsorbing it on 
to red cells (antigens J, K, M N~ and T). 

3. The type specific antigen itself has no complement-fixing 
activity (the unabsorbed . I, R, s, and U antigens)o 

The anti-complementary titration serves as a control. It 
is, however , interesting to observe the complete absence of 
anticomplementary activity in these antigens as compared with 
the antigens prepared by Price's method. 

These experiments with absorbed sera and absorbed 
antigens therefore establish that there are at l east two 
antigens in the gonococcus, and that a gonococcal antiserum 
prepared with a smooth strain contains antibodies which 
correspond to these antigens. One of these antigens is 
detectable by its capacity to sensitise cells in the gono
coccal haemolysis test, and has been termed the type specific 
antigen. The second antigen is active in agglutination and 
complement-fixation. 

The Serological Identity of the Agglutinin- binding Antigen 
in the Type I and T:rpe II Gonococcus. 

It has been demonstrated by absorption tests that the 
type specific antigen is of at least two antigenic types. It 
remains to be shown that these two gonococcal types share a 
common antigen active in agglutination and complement-fixation. 

Method. The absorbed type I antiserum (j), and the absorbed 
type II antiserum (i) previously described were used. 

The antigen was prepared from the residues following 
extraction of the sensitising antigen. The residues obtained f~om 
the extraction of about 250 petri dishes of type I and 
type II strains were pooled separately. These residues were 
then washed in saline until the saline washings were no 
longer able to sensitise cells in the gonococcal haemolysis 
test. 

In this way antigens and antisera for the type I and 
type II gonococcus respectively were prepared which were 
completely free from type specific activity. 



These absorbed antisera were then reabsorbed with the 
residues containing only the group antigen. Thus: 

39. 

The type I serum was reabsorbed with the type II residue. 
The type II serum was reabsorbed with the type I residue. 

These reabsorbed _sera were then tested in agglutination 
tests with the homologous suspensions. Two such absorptions 
were required in each case. The results are set out in 
table 18. 

Table 18: Absorption of type I and type II gonococcal 
antisera with the heterologous agglutinin-
bindin rou anti ens. 
Agglutinin titre with Agglutinin ti re a er 
serum after absorption re-absorption of these 

. of type specific sera with the 
Antiserum antibodies with eterologous agglutinin-

Type I 
(j) 

Type II 
i 

homologous sensitised binding , (group) antigens. 
cellso 

16 

64 

0 

o· 

Thus the type I and type . II group antigens are capable 
of exhausting each others sera in absorption tests when 
tested by agglutination, and are therefore acceptable as 
being serologically identical. It is proposed to refer to 
this antigen as the group antigen since it is common to 
the type I and type II gonococcus. 

0 • e • 0 e O • e O e e 



CHAPTER XVI. 40 .. 

CROSS REACTIONS BETWEEN THE TYPE SPECIFIC AND GROUP ANTIGENS 

AND THEIR ANTISERA. 

A cross reaction between the type specific antibody in 
a gonococcal antiserum and the group antigen can be 
demonstrated under at least two sets of circumstances. 

In an Agglutination and Complement-fixation Test. 

This reaction was observed with thr ee antisera which had 
been absorbed out with sensitised cells. The unabsorbed and 
absorbed sera were tested in agglutination and complement
fixation tests as described. The results are shown in table 
19. 

Table 19:To demonstrate the augmented agglutinin 
and complement-fixing titre after absorp
tion of certain gonococcal antisera with 
sensitised red cells. 

Antiser 

Titres in the 
gonococcal 

agglutination test 
with 

Unabsorbed Absorbed 

Titres in the 
gonococcal 

complement-fixation 
test with 

Unabsorbed Absorbed 

b 
C 

k 

serum 
12 

256 
2 6 

serum 

128 
2 

serum 
102 
1024 

64 

. The absorbed sera show a higher titre in agglutination 
and complement-fixation tests than the unabsorbed sera. 

The explanation suggested is that the type specific 
antibody present in the unabsorbed serum has combined with 
some of the group antigen, and so blocked the action of the 
agglutinating group antj_body. The type specific antibody 
itself, however? is presumably unable to produce agglutina
tion, just as it is unable to fix complement in the presence 
of an immune serum. 
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In a Gonococca l Haemolysis Test. 

The same type of cross reaction can be demonstrated more 
directly in the following way. 

Red cells were sensitised in the usual way, the suspension 
centrifuged, and the supernat ant was removed. Serial doubling 
dilutions of the supernat ant were made using 0.2 ml. volumes 
for ten tubes (table 20). Tubes 11 and 12 serve as controls. 
To each tube was then added 0.2 ml~ of a 1 in 50 dilution 
of an absorbed and inactivated gonococcal antiserum. In tube 
12 saline repla ced the serum. The rack was then placed in a 
37° c. water bath for thirty minutes. 

Table 20:To demonstrate the blocking Affect 
of the group antigen which is pres
ent in the supernat ant after the 
sensitisa tion of r ed cells, on the 
type specific antibody in a gono-
caecal antiserum. 

• • +> • ~ rl A @ ~ 'O .p s ttl • (I) A .p rl f-i • t/l I (I) I 

~ ~ a (I) 0 •r! ~ Cf.l ~ . .p t/l ti) 
f.-1 N •r! t/l •r-1 r-1 'a. t/l 

B. • .p A Q) t/l r-1 (I) 
0 i:; •r! .p i:; (1) g 0 p <11 f. (1) 0 X 

tr) r-l tr) 0 (I) 

1 Neat 0.2 ~ 0 .. 2 0.2 
2 l in 2 0~2 >.. 0.2 0.2 

1 in 4 0.2 
..p 

0.2 0 .. 2 a H 

1 in 8 0.2 
•r! 

0.2 0.2 ,.q 

5 1 in 16 0.2 
.p 

0.2 0.2 f.-1 
6 1 in 32 0.2 0 0.2 0.2 
7 1 in 64 0.2 G-i 0.,2 0.2 . 
8 1 in 128 0.2 0 0.2 0.2 
9 1 in 256 0.2 0 0,, 2 0.2 t'-10 1 in 512 0.2 C"'I 0.2 0.2 

11 sal.* 0.2 0.2 0.2 
12 neat s a l~ 0.2 0.2 . . . +=haemolys1s;±=part1a l haemolys1s; 

-= no haemolys is. 
* o. 2 ml. saline. 

.p, 

3 
t/l 
(I) 

~ 

. 
g --,.q -(1) 

± i:; 
0 + 
f.-1 
0 + 

G-i + 
• 

0 + 
0 + 
t'-
C"'I + 

+ 
-

In this -way the group antigen present in the supernatant 
was allowed to react dir ectly with the type specific antibody 
in the serum. In order to detect a reaction between the group 
antigen and the type specific antibody sensitised cells and 
complement were now added as in the gonococcal haemolysis test, 



and the rack read for haemolysis after an hour incubation 
at 37° c. In addition to the usual controls, the controls 
indicated in table 20 were included. 

The results (table 20) show an inhibition of the 
gonococcal haemolysis test in the lower dilutions of the 
supernatant. There the group antigen has combined with 
the type specific antibody and prevented its action on 
the sensitised red cells. 

0 I e O O O O O • • • e e e 
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CF..A PTER XVI I. 

THE ANTIGENICITY OF THE GONOCOCCAL FRACTIONS. 

Animals were immunised with the various gonococcal 
fractions. 

43. 

1. The sensitising antigen.Six rabbits were immunised, 0.5 
ml . inoculations being given intravenously at 3 to 4 day 
intervals. The total course varied from 4 to 10 injections . 

2. The type specific antigen.Buman (group 0) red cells were 
sensitised with the type specific antigen, and the sensitised 
cells, after washing, injected intravenously into a ·rabbit. 
In this way it was hoped to investigate the effect of the 
adsorbed antigen only. As sheep cells, and not human cells, 
are used in the gonococcal haemolysis test the effect of 
the human cells was probably not important. Six injections 
at four day intervals were given, the amount of antigen 
used in sensitisation increasing from 0.1 ml . to o. 6 ml . 

3. The group antigen.A 1 in 10 dilution of the sensitising 
antigen was absorbed with sheep cells to remove all 
adsorbable type specific antigen. This "absorbedn antigen 
was used for immunisation. This antigen proved extraordin
arily toxic. Thus 0.1 ml. of the diluted and absorbed 
sensitising antigen was fatal to a 2500 gram rabbit. The 
most toxic preparations were J and H, and these both showed 
high complement-fixing titres indicating a high content 
of the group antigen. A 1 in a 1000 dilution of the absorbed 
sensitising antigen was made (giving a final dilution of 
1 in 10 7 000), and a course of 6 injections given starting 
with 0.1 ml . The dose was increased every three to four days. 

The results of testing the antisera prepared in this 
manner are set out in table 21. 

Table 21: Antibody titres following immunisation 
of rabbits with various ~onococcal f r actions. 

Antigenic fraction 
used in 

immunisation 
Sensitising 

antigen 
Type specific 

antigen 
Group 

anti~en 

Titre in the 
gonococcal 

haemolvsis test 

65536 

512 

32 

Titre in the 
agglutination 

test 

2048 

16 

512 
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The results given are representative of the sera prepared 
with each antigen. 

Immunisation with the sensitising antigen, and with the 
type specific antigen adsorbed on to human red cells, 
produced the same results as obtained when whole organisms 
were used in immunisationo The sensitising antigen proved 
a very potent antigen and is probably the antigen of choice 
in the production of high titre antisera. 

Immunisation with the group antigen active in an agglutin
ation test, on the other hand produced a serum with a 
relatively high agglutinin tiire and a very low gonococcal 
haemolysis test titre, i.e. the opposite to that obtained 
when using the whole organism or the sensitising antigen 
in immunisation. 

The result of immunisation with the type specific antigen 
proved disappointing in so far as antibodies against both 
the group and type specific factors were produced. In view 
of the very small doses of the group antigen required for 
immunisation, it is probable that the group factor was 
incompletely removed in washing the sensitised cells prior 
to inoculation. 

The results obtained in immunisation with the group 
antigen on the other hand, supports the concept of two 
distinct antigens in the gonococcus, the high agglutinin 
titre contrasting strikingly with the low haemolysis test 
titre. The extreme toxicity of the group antigen has been 
mentioned. It was also a very potent antigen, the total 
course of antigen administered being 1.5 ml. of a 1 in 
10,000 dilution divided into six doses. 

n • • • • • • • • ~ 



CHAPTER XVIII. 

THE INVESTIGATION OF GONOCOCCAL STRAINS BY THE 

GONOCOCCAL HAEMOLYSIS TEST. 

45. 

In comparing titres in the gonococcal haemolysis test, 
one is faced with the problem of standardisation of the 
antigen system, in this case the sensitised cell suspension. 
It has been demonstrated that the titre with a particular 
gonococcal antiserum increased as the degree of sensitisation 
was increased, until a limit was reached for that serum. The 
red cells were then fully sensitised as far as that serum was 
concerned, since a further increase in sensitisation was not 
reflected in an increased titre . Thus the problem can be 
approached in two ways: 

1 . Titres may be compared at increasing degrees of 
sensitisation. 

2. Fully sensitised cells may be used . In general a 1 in 
25 dilution of sensitising antigen was adequate to 
produce maximum titres . 

The Use of 11 Partiallyn Sensitised Cells 

Table 22 shows the results of titrating a gonococcal 
antiserum (c) against cells sensitised with seventeen 
different antigens, the degree of sensitisation varying 
from 1 in 50 to 1 in 600. 

The results in general reflect the potency of the 
antigen used in sensitisation, and do not help the elucid
ation of possible antigenic variations in the organisms . 
Three antigens were of relatively low potency, viz. these 
extracted from the homologous strain c, and from E and H. 
C and H were type I gonococci, and E was a type II strain. 

The failure of this method to distinguish gonococcal 
types is further illustrated in table 23 where the results 
of the gonococcal haemolysis test using cells of increasing 
degree of sensitisation with two type I &ntigens and two 
type II antigens and type I and type II antisera, are set 
out. · 
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Table 23: Titres in the gonococcal haemolysis test 
using cells sensitised with varying dilution$ 
of two type I antigens and two type II antigens 
and their corresponding _antisera. 

Titres in the Ti tr es in the · · 
Degree 

of 

sensitisation 

1 in 0 
1 in 100 
1 in 150 

1 in 200 
1 in 250 
1 in 300 

1 in a5o 
1 in · 00 
1 in 450 

1 in 500 
1 in 550 
1 in 600 . 

*-0 an Qare 

gonococcal haemolysis gonococcal haemolysis 
test with a test with a 

t e I anti• erum c t e IT antiserum i 
Antigen* Antigen* 

0 p 
4096 8192 4CJ96 4096 
4096 8192 4096 2048 
4096 8192 2048 1024 

4a:)6 8192 2048 1CQ4 
2048 8192 2048 256 
2048 8192 2048 128 

2048 8192 512 64 
2048 8192 512 64 
2048 8192 512 32 

8192 512 16 
8192 0 0 

16384 16384 8192 4C$6 
16384 16384 4096 4(1j6 
16384 16384 4096 :4CR6 

16384 8192 4a:)6 4096 
16384 8192 2048 4C$6 
16384 8192 1024 2048 

8192 8192 1024 1024 
8192 8192 1024 1024 
8192 8192 1024 1024 

8192 8192 1C24 512 
4<:A6 8192 0 256 

In general the titres with serum i tend to be one to two 
tubes higher than with serum c. Otherwise there are no 
significant differences in the titrations. 

Table 24 s A prozone phenomenon in the 
onococcal haemol sis test. 

Degree o Tube 
Se.nsitisation 1 2 6 8 JOlll2 

0 + + + + + + + + + + + ± 
1 in 100 + + + + + + + + + + + ± 
1 in 150 + + + + + + + + + + + ;1: 

l in 2 00 + + + + + + + + + + + ± 
1 in 2 5 O + + + + + + + + + + + ± 
l in 3 00 - + + + + + + + + + + ± 
l in 3 5 O - - ± + + + + + + + + ± 
1 in 400 - - - ± + + + + + + ± -
1 in 4 5 O - - - ± + + + + + + ± -
1 in 5 00 - - - - ± ± + + + ± - -
1 in 550 - - - - - ± + + + ± - -
1 in 600 - - - - - ± ± + + ± - -

Serial doubling dilutions of serum 
(f) starting at 1 in 32. 

+=haemolysis;±=partial haemolysis; 
· -=no haemolysis. 



Reading of the results when using "partially" 48. 
sensitised cells was rendered more difficult by a type of 
prozone which was encountered with some of the sera. An 
example of this is given in table 24. A similar prozone is 
not uncommonly seen in sera from patients with gonococcal 
infections. 

The Use of "Fully" Sensitised Cells. 

The second approach, viz. the use of fully sensitised 
cells, was found to be of equally little value as a means 
of grouping gonococci. Table 25 shows the titres with fully 
sensitised cells using various type I and type II antisera. 
There was complete cross reaction between type I (B,c,D,H), 
and type II (P,I,E) antigens and antisera. 

Table 25: Titres in 
est usin 

Antiserum 
b 
C 
d 
h 
p 
i 
e 

1 
1 

On the other hand the gonococcal haemolysis test1 using a 
type I serum which had been absorbed out with type II 
sensitised cells, provided clear cut evidence of these two 
gonococcal types. 

Table 26:: The differentiation of type I and 
type II gonococcal types by the 
gonococcal haemolysis test using a 
type I antiserum which had been absorbed 
out with tvne II sensitised cells. 
Absorbed Titres with 

type I with type I type II 
serum*Type II sensitised cells sensitised cells 

cells Antigen Antigen 
(E or I) K L M E I P 

b I 16 16 16 0 0 0 
b E . 8 16 16 0 0 0 
h I 16 16 16 0 0 0 
h E 64 64 64 0 0 0 
n I 8 16 16 0 0 0 
n E 16 16 16 0 0 0 

*Diluted 1 in 2 o. 



49. 
Table 26 shows the results of the gonococcal haemolysis 

test with type I antisera (b,hi and n), which had each been 
abs or bed out with type II sens 1 tis ed cells ( I and E ) • The 
absorbed antisera reacted with the type I strains only, and 
not with the type II. 

• • ' • • • 0 • • • • • 



CHAPTER XIX. 

THE INVESTIGATION OF GONOCOCCAL STRAINS BY 

THE AGGLUTINATION TEST. 

The agglutination test has been used fairly extensively 
by many workers in the investigation of antigenic variations 
in the gonococcus • 

. 
Table 27 shows the results of agglutination tests with 

nineteen gonococcal suspensions, and eighteen antisera. It 
is obvious that there are undoubted differences in the 
agglutinability of various gonococcal strains. Thus the H 
agglutinable suspension gave uniformly high titres with all 
the antisera. Suspensions T and N, on the other hand, tended 
to give lower titres. There are strong reasons? however, 
for not regarding this difference in agglutinability between 
various strains as being indicative of basic antigenic 
differences between the strains. Thus those suspensions that 
tended to give low titres behaved in that manner with all the 
eighteen antisera used .. Suspensions giving higher titres such 
as H, similarly showed a uniform behaviour with all the sera. 

A discussion of the reasons for the variation in the 
agglutinability of different gonococcal strains will be 
deferred to a later section of this thesis. One aspec~, 
howeveri has been subject to experimental investigation 
and wil be discussed here. 

The Influence of the S-R Change on the Agglutinin Titre~ 

Various gonococcal strains were maintained on stock 
culture and agglutinable suspensions prepared from these 
strains at the following times~ 

1. Within three weeks of primary isolation. 
2. After three to four months on stock culture. 
3. After six months on stock cultureo 

During this period the organisms had become rough in so 
far as a type specific antigen could no longer be extracted. 
These suspensions were then tested in an agglutination test 
against various antisera which had been prepared with 
recently isolated strains. The titrations were not performed 
simultaneously, but with each suspension as it became 
available. The first suspension with strain C was unfortun
ately not prepared. 
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The results of the agglutination tests with these 
suspensions are set out in table 28. 

Table 28: Titres in a gonococcal agglutination test 
using suspensions prepared from smooth and 
rough gonococcal strains, and antisera prepared 
with smooth strains. 

A t·s Agglutinable suspensions* 
n 1 er C'l C2 C Hl H2 H 

b - 128 16 8192 8192 1024 
C - 32 32 2048 4a:)6 1024 
d - 128 32 4a:)6 1024 512 
e - 256 16 4a:)6 1024 1024 
f - 512 8 65536 16384 256 
h - 64 8 32768 4a:)6 4a:)6 
i - 64 8 4a:)6 2048 1024 
j - 256 16 1024 1024 128 
k - 64 8 512 128 64 
m - 32 16 2048 2048 1024 
n 

256 128 32 1024 32 4 
256 32 32 1024 32 32 
128 128 64 256 128 64 
1024 64 64 512 16 16 
1024 256 64 4a:)6 512 32 
256 128 16 1024 128 8 
256 64 16 512 256 8 
512 256 128 128 256 16 
32 64 16 256 64 4 
128 64 32 512 128 16 

Suspensions Hl,Jl,Gl prepared with recent strains. 
Suspensions C2,H2,J2,G2 with strains 3-4 months old. 
Suspensions C3,H3,J3,G3 with strains 6 months old. 

52. 

It will be seen that as the strains become rough there 
is a striking loss of agglutinability when tested with an 
antiserum prepared with an organism in the smooth phase. 

Table 29:Titres in a gonococcal agglutination test 
with antisera prepared from smooth strains 
(cS,hS,and jS), and from rough strains (cR, 
gR,hR,and jR), and with agglutinable 
suspensions prepared from smooth and rough 

o ococcal strains. 
Antiserum Gl 

gg utina e suspension 

cs 102 
cR 32 
gR 8 
hS 1024 
hR 128 
jS 128 
.R 64 

Suspensions Gl,Hl 
Suspensions G2,H2 
Suspensions C3,H3 

G2 G Hl H2 

prepare with recent strains . 
with strains 3-4 months old. 
with strains 6 months old . 

On the other hand if rough organisms are used in the prepar
ation of antisera, the tendency is for the maximum titres 
to occur with the "rough" suspensions, and the lower titres 
with the "smooth" suspensions. 



~. 
This is illustrated in Table 29 which shows the results 

of agglutination tests with antisera prepared soon after 
the organisms had been isolated, and with antisera prepared 
with the same organisms after they had been on subculture 
for six months. These antisera referred to as Sand R in 
the table were tested against agglutinable suspensions 
prepared with smooth and rough strains. It will be seen 
that the tendency is for the titres with the S antisera 
to be highest against the recently isolated strains, and 
lower against older strains. On the other hand, the antisera 
prepared with the rough strains (R) show maximum titres 
with older gonococcal strains, and lower titres with the 
recently isolated strains. This is particularly well shown 
by gonococcus G. 

Thus the behaviour of an antiserum, and the agglutin
ability of a gonococcal suspension, both are dependant upon 
the same factor, viz.whether the gonococcus used in their 
preparation was a recently isolated smooth strain, or an 
older rough strain. 

The Agglutination TestJ the Gonococcal Haemolysis Test, 
an the S-R change. 

As has been indicated the S-R change is associated with 
two detectable antigenic changes. 

1. The loss of the type specific antigen detectable in . 
the gonococcal haemolysis test. 

2. A loss of agglutinability. 

It is tempting to correlate these two changes, and to 
suggest that the loss of ag8lutinability is due to the 
loss of the type specific antigen. 

However, evidence has been presented to show that the 
agglutination test is directed against an antigen other 
that the type specific antigen which is detected by the 
gonococcal haemolysis test. These two antigens could be 
quite clearly separated by their behaviour. 

It therefore must be concluded that the S-R change in 
the gonococcus results in the loss of at least two 
antigenic factors. 

• • • • • • • • • • • • • • 



CHAPTER XX. 

THE GONOCOCCAL COMPLEMENT-FIXATION TEST. 

Of the various serological techniques available for the 
investigation of gonococcal strains, the complement-fixation 
test proved the least satisfactory, and for that reason 
it was notpursued to the same extent as the other methods. 
The reasons for this are as follows g 
l.Lack of sensitivityo The relative insensitivity of the 

gonococcal complement-fixation test is illustrated in 
table 30. Complement-fixation and agglutination tests 
were carried .out with antigens prepared from four 
gonococcal strains using a single antiserum (b), and the 
titres compared. 

Table 30:A comparison of titres in 
agglutination and complement-· 
fixation tests with four 
antigens~ and a single serum. 

Antigens 
H I J K 

Titres in a 
complement- 256 64 32 16 

fixation test 
Titres in an 

agglutination 8192 1024 256 256 
test 

It will be seen that the titres in the agglutination 
test are considerably higher than in the complement
fixation. 

2.Anticomplementary activity. The majority of the complement
fixing antig ens prepared by Price's method are anticomple
mentary to a greater or less er degree, and at the same 
time not very highly antigenic. 

3.Loss of antigenicity. There is a steady loss of antigen
icity of the complement-fixing antigen on storage, the 
anticomplementary unit, however, remaining unchanged. 
This is illustrated in Table 31. 

Probably as a r esult of a combination of these factors, 
quantitative results are not readily reproducable, and in 
practice the technique proved highly unsatisfactory. 



Table 31: The antigenic and anticomplementary 
titres of three gonococcal complement
fixation antigens before and after 
storage for four months. 

Initial Titres after storage 
At· titres for four months 

n igen Antigenic A.c. Antigenic A.c. 
unit unit unit unit 

B 32 2 8 2 
E 64 2 16 2 
N 128 2 16 2 

55. 

In general,however, as indicated in table 30 7 t he results 
of complement-fixation tests tended to parall el those obtained 
by the agglutination test. 

This is not the case with the gonococcal haemolysis test. 
Thus strain H which showed very high agglutinin titres, proved 
a poor antigen in the gonococcal haemolysis test (table 27). 
On the other hand strain N which gave relatively low titres 
in an agglutination test, provided a very potent sensitising 
antigen. 

e • e e e e • e O O O • 



CHAPTER XX Io 56. 

THE CHEMICAL NATURE OF THE TYPE SPECIFIC ANTIGEN 

The sensitising antigen which was extracted from a 
gonococcal suspension, was a watery clear solution. Occasional 
antigens showed a slight turbidity, but this could always 
be removed by centrifugation. The cheuical nature of the 
type specific antigen was investigated and the results are 
set out in table 32. 

Table 32i The results of the Molisch, 
Biuret, and xanthoprot eic tests 
performed on the sensitising 
an t· 1gen. 

Antigen Molisch's Biuret Xanthoproteic 
test test test 

A + - -
C + - -
E + - -
G + - -
H + - -
I + - -
L + - -
0 + - -p + - -
Q + 

I 
- -

R + - -s + - -
+ = no. dtive· ... ·= ne g ativeo 

All the antigens gave strongly positive Molisch's tests 
and negative bi uret tests and xanthoproteic r eactions, 
indicating a probable carbohydrate nature. 

The heat stability of the antigen was next investigated. 
This was carried out by making 25 ml. of a 1 in 25 dilution 
of a pooled sensitising antigen. The antigen was then heated 
in a water bath at 95° C. for three hours. 

A portion of the antigen was removed before the 
comBenc e~ent of the heating, and at varying intervals 
thereafter, cooled to room temperature, and then used to 
sensitise sheep cells which were then t ested in the gono
coccal haemolysis testo These cells were tested with the . 
sarn e antiserum which had been prepar ed with fifteen pooled 
strainso 



The results of testing these cells in the gonococcal 
haemolysis test are set out in table 33e 

Table 33: The effect of heat on the capacity 
of the type specific antigen to 
sensitise cells in the gon~coccal 
haemolysis test. 

Sensitising 
antigen heated 
at 25° c. _for: 

nil 
-a- hour 
f hour 
1 hour 
l! hours 

2 hours 
2~- hours 
3 hours 

Titre in the 
gonococcal haemolysis 

t est 

L 
The type specific antig en proved to be heat stable 

showing no loss of its capacity to sensitise red cells 
in th& gonococcal haec olysis test even after three hours 
at 95 c. 

57. 

Thus, to surnraarise, the type specific antigen extracted 
from a gonococcal suspension was a heat stable polysaccharide 
whi ch was detected by its capacity to sensitise cells in the 
gonococcal haemolysis test. 

• • 0 • • • • • • • • • • • 



CHAPTER XXII. 58. 

THE GONOCOCCAL TYPES. 

After the investigations described had been completed a 
second series of gonococcal strains were investigated. 

The technique was simplified in so far as extraction of 
the type specific polysaccharide was carried out on the 
suspension obtained from eight to ten petri dishes (instead 
of fifty), using appropriately smaller volumes of reagents, 
and dissolving the final product in five ml. buffer. Cells 
sensitised with the antigen were then tested in absorption 
tests against antisera prepared with type I and type II 
gonococcal strains. 

In all a series of sixty seven recently isolated strains 
were investigated. Their distribution among the two gonococcal 
types was as follows: 

Table 34: The distribution of 
gonococcal types among 
sixty seven recently 
isolated strains. 

Type FreauencY 
Gonococcus type I 59 
Gonococcus type II 8 

A Third Gonococcal Type 

During the course of this investigation a strain was 
encountered which did not fall into either of these two 
types. 

The strain was probably partially rough when first 
isolated and after a few weeks on subculture an active 
polysaccharide could no longer be extracted. The antisera 
prepared with this strain were of relatively low titre.For 
these reasons the strain was not included in the series 
listed in table 34, and the suggestion that it represents 
a third type is advanced somewhat tentatively. 

Morphologically and biochemically the strain showed the 
usual behaviour of a gonococcus (Chapter IV). 

I 



59. 
It was agglutinated by type I and type II antisera, and 

an antiserum prepared with this strain agglutinated type I 
and type II gonococcal suspensions. 

Its behaviour in absorption tests was as follows ~ 

l.Red cells sensitised with the polysaccharide extracted 
from this strain partially absorbed out a type I and a 
type II gonococcal antiserum, but were unable to remove 
completely the antibodies from either. 

Table 35: The absorption of a 
gonococcal antiserum 
t e. 

Antiserum 
Absorbin cells 

Type I 
T e III 

type I and a type II 
by a new gonococcal 

Type II 
T e III 

Stage Serum Absorbing 
titre cells 

Serum Absorbing 
titre cell~ 

· Initial 12 
Absorption 1 64 
Absorption 2 32 
Absorption 3 32 
Absor tion 4 2 

+ 
;±; 

32 
32 
32 

± 

+ = haemolysis ;- = partial haemolysis ;- = no haemolysis. 

2.If a type I antiserum was absorbed out as far as possible 
with type II sensitised cells, the remaining antibodies 
could be removed by absorption with red cells sensitised 
with the polysaccharide obtained from this strain. 
Similarly, if the type I antiserum was first absorbed out 
with cells sensitised with this strain, the absorption 
could be completed by the type II gonococcus. 
Thus if the type I gonococcus is re.presented by A+ B, and 
the type II gonococcus by A, this strain must possess the 
antigen B. 

3.An antiserum prepared with this strain was only partially 
absorbed out by type I, or type II sensitised cells so that 
this strain possessed a further antigen other than B. 

This strain has been called gonococcus type III. 

• e • 0 e e e • e O O 0 



CilAPTER XX I I I o 60. 

CROSS REACTIONS WITH OTHER NEISSERIAE . 

Although this investigation was primarily conc erned with 
the problem of antigenic relationships within the gonococcus 
group, it was obviously pertinent to enquire whether these 
antigens were also present in other neisseriae. 

Non-pathogenic Neisseriae. 

Twenty three strains wer e investigated by the methods 
already described. These strains included four strains, 
N.catarrhalis, N. sicca , N. haemolysans, and N.flavus, obtained 
from the National Collection of Type Cultures, Colindale, 
London . The remainder were local strains isolated from the 
nasopharynx. Their biochemical behaviour was variable and it 
was not possible to assign the majority of thes e stra ins into 
the biochemical groups listed by Bergey. 

Cells sensitis ed with extracts from these organi sms were 
tested with gonococcal antisera as described in the gonococcal 
haemolysis test. Twelve of these extracts proved to be haemo
lytic. The remainder did not cross react with a gonococcal 
antiserum. 

Neisseria meningitidis. 

Five strains, all of which were harvested and extracted 
within a few days of primary isolation,were investigated . The 
results showed an exciting relationship to the gonococcus 
group. 

In an Agglutination Test. The gonococcal antisera which were 
used in the agglutination tests set out in table 27, were 
tested in agglutination tests against agglutinabl e suspensions 
prepared with five recently isolated meningococcal strains. 

The results showed no agglutination whatsoever. Thus the 
meningococcus possesses a distinctive antigen not detectable 
by agglutination with gonococcal antisera. 



61. 

In the Absorption Test. Extracts were prepared with the five 
meningococcal strains, and red cells sensitised with these 
strains were used to absorb out type I and type II gonococcal 
antisera. The results were as follows: 

a.Three meningococcal strains completely removed all 
antibodies from both type I and type II gonococcal 
antisera, i.e. they showed the behaviour of a type I 
gonococcal polysaccharide. 

b.One meningococcal strain removed all the antibodies 
from a type II gonococcal antiserum, but only partially 
exhausted a type I antiserum, i.e. it showed the 
behaviour of a type II gonococcal polysaccharide. 

c.One strain partially removed the antibodies from both 
type I and type II gonococcal antisera but was unable 
to exhaust either, i.e. it showed a behaviour similar 
to that which has been termed a type III gonococcus. 

Thus the three polysaccharide types encountered in this 
investigation of N. gonorrhoeae, are also present in N.menin
gitidis. The two organisms differ in the possession of 
distinctive antigens detectable in an agglutination test, i.e. 
they have distinctive group antigens. Further division into 
types can be ~ade on the basis of the type specific polysacc
haride . 

o o • e • o • o • • • • • 



SECTION IV 

A REVIEW OF THE LITERATURE o 



CHAPTER XXIVo 62. 

SEROLOGICAL INVESTIGATIONS ON THE GONOCOCCUS. 

The gonococcus was first observed by Neisser21 in 1879 
in the pus cells of thirty five cases of gonorrhoea, and in 
nine cases of ophthalmia, both neonatorum and adult. Shortly 
afterwards the organisms were successfully cul tur_ed by 
Leistikow22 (1882), and by Bumml (1885). Bumm demonstrated 
the pathogenicity of his cultures by inoculation into human 
subjects, and so completed the requirements of Koch's 
Postulates. 

The next advance came with the accurate demonstration 
of the bioche~ical behaviour of the gonococcus by Gordon2 
(1905), Rothe j (1~08), Els er and Huntoon21+ (1909), Watabiki30 
(1910), and Martin 5 (1910), and the differentiation of the 
gonococcus, both by its cultural and biochemical ·characters, 
from the meningococcus and catarrhalis group. 

The application of serological methods to the investig
ation of the gonococcus may be said to ha~e commenced with 
the demonstration by MULLER and OPPENHEIMj (1906) of a 
positive complement-fixation test on the serum of a patient 
with a gonococcal arthritis. 

This observation was confirmed by BRUCK4 (1906) who 
obtained three positive complement-fixation tests in eight 
cases~ Using both complement-fixation and agglutination methods 
Bruck also showed that rabbits could be immunised by the 
inoculation both of the live gonococcus as well as by aqueous 
extracts of the organism. 

BRUCKNER and CRISTEANu2 6 (1906) at the same time were 
attempting to distinguish the gonococcus from the meningo
coccus by serological methods. They prepared gonococcal 
antisera in horses, but found that their sera agglutinated 
both a gonococcal and a meningococcal suspension to equal 
titre (about 1 in 2000). A similar result was obtained with 
a precipitin technique. 

WOLLSTEIN27 (1907) similarly failed to differentiate 
the gonococcus from the meningococcus by agglutination. 
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VANNOD28 (1906), however, using gonococcal rabbit 
antisera showed that the titre with the meningococcal 
suspension was considerably lower than with the gonococcus, 
and this observat~on was soon confirmed

5
by TORREY7 (1907), 

ELSER and HUNTOON~ (1909), and V.t.ARTIN2 (1910). 

The first attempt at differentiation within the gonococcal 
group was made by TORREY7 (1907). He investigated ten strains 
by agglutination and agglutinin absorption methods. Eight 
gonococcal antisera were employed. 

Torrey showed that there were differences in the 
agglutinability cf various gonococci, and he concluded that 
the gonococcus group embraced a heterogeneous collection of 
types. Of the ten strains studied, three types were recognised 
to which, however, only six of these strains could be referred. 

Similar conclusions were arrived ~t using a complement
fixation technique (Teague and Torrey 9,1907) although there 
was less difference between their type 1 and type 2 as there 
was when using an agglutination t echnique. 

Torrey's major contribution in this field was made in a 
second and larger investigation published in 1922. The chief 
interest of his earlier work, however, lies in the fact that 
six of his original strains plus a further six added to them 
at that time, were maintained on subcultur e in various 
laboratories and re-examined by Torrey 14 years later, as 
well as by other workers with somewhat different results. 
This will be discussed later with Torrey's second paper. 

WATABIKr30 (1910) investigated eight recently isolated 
strains by simple agglutination. He used eight rabbit antisera 
prepared with these strains, as well as an antiserum obtained 
from Torreyo 

He found that all the strains were agglutinated by all 
the antisera. Two of the strains, however, showed a fourfold 
(two tube) difference in titre as compared with the other 
six, and on this basis Watabiki divided the strains into two 
groups. He points out that his experiments showed no distinct 
difference among the various strains of gonococcus, only a 
comparative difference. TorreJd s antiserum similarly 
agglutinated all eight strains, the larger group of six 
strains having a slightly higher titre than the remaining 
two strains. 
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Essentially similar results ~ere recorded by VANNOD28 
{1907), and by ELSER AND HUNTOON2~ (1909) using simple 
agglutination. These latter workers, however, commented on 
some of the difficulties inher ent in this approach. Thus 
the proviso is laid down that the "strains chosen must not 
be highly inagglutinable 11 • Not only is agglutination affected 
by the nature of the culture medium, but old cultures were 
twice as easily agglutinable as r ecent ones. 

PEA.RCE31 (1915) investigated eighteen strains, nine of 
which were isolated from adults, six from cases of vulvo
vaginitis in children, and three from cases of ophthalmia. 
All the strains were described as "recently isolated" with 
the exception of one of the Torrey strains which had been 
under cultivation for seven years. At least six rabbit 
antisera prepared with strains obtained from adults and 
infants were used, her methods being agglutination and 
complement-fixation. 

\ 

Pearce suggested that there was a significant difference 
in titre in agglutination tests between the strains obtained 
from adult sources, and those from cases of vulvovaginitis. 
The figures given in her paper, however, show a fair degree 
of overlapping, and the titres of eight of the fifteen strains 
in these two groups were either identical, or within one 
tube of each other. The three ophthalmic strains were taken 
to occupy an intermediate position serologically between the 
adult and infant strains. Similar results were obtained by 
complement-fixation. 

The conclusions are: "From the agglutination and 
complement-fixation tests just described it is evident that 
within the large group of organisms known as the gonococcus 
two more or less distinct types may be differentiated. 
These types correspond to the clinical source of ·the strains" • 

. 
Two additional points in her work are of interest . The 

one is the presence of a prozone in her agglutination tests, 
this prozone being greatest with those strains which agglutin
ated to lower titre. The second is a comment on the complement
fixing antigens, some of which became too anticomplementary 
for use if stored overnight. 

WARREN32 (1921) investigated twenty three gonococcal 
strains, most of which had been kept on culture for some 
time before being investigated. Seventeen of these strains 



had been isolated by Warren, and six were obtained from 
other laboratories. Four gonococcal rabbit antisera were 
used. 
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Using an agglutination technique he found that all his 
sera readily agglutinated all his gonococcal strains, and 
he concluded that the "agglutination test does not serve to 
differentiate strains of gonococci into serological groups". 

COOK and STAFFORD33 (1921) investigated sixteen strains 
ten of which they had isolated, and six of which they had 
obtaine.d from another laborator.y. The strains had all been 
subcultured for some ·time prior to investigation. Eight 
rabbit antisera were used, and their techniques were 
complement-fixation, agglutination 7 and agglutinin-absorption. 

Their results showed that II all serums gave positive 
reactions with all the gonococcus antigens, and whatever 
differences there were between the individual strains were 
not sufficiently marked or consistent to justify a classif
ication on this basis. Any differences in titer of the 
individual antigens seemed to be due to the efficiency 
or lack of efficiency of the individual antigens rather 
than to any specific relationship between serum and antigens. 
Certain antigens gave a uniformly high titer with all serums, 
while certain others were uniformly low"· 

Their agglutinin absorption tests followed the technique 
described by Hermanies37. They found that there was no 
uniformity in the manner in which agglutinins were absorbed 
by various strains from their antisera and that there was . 
no evidence of grouping among the sixteen strains of gonococci. 

JoTTEN34 (1921) investigated twenty seven gonococcal 
strains of which ten were obtained from severe cases with 
complications, and the remainder from uncomplicated cases • . 

Using direct agglutination, he classified twenty of these 
strains into four groups containing five, five, seven, and 
three strains re_spectively. The remaining seven strains did 
not fit into any group. His first two groups comprised the 
strains isolated from the more s evere cases, and these strains, 
it is claimed, were more toxic for mice. Similar results 
were obtained with a complement-fixation technique. 



66, 

GORDON35 (1921) 7 quoted by Tulloch, examined thirty 
strains by agglutinin absorption and found that twenty 
five of these could be regarded as constituting a fairly 
well defined subgroup. He states that the results,however, 
were not clear cut. 

THOMSEN and VOLLMmm36 (1921) investigated twenty six 
recently isolated gonococcal strains. Simple agglutination, 
using presumably rabbit antis era, failed to differentiate. 
the various strains. Complement-fixation, however, when 
combined with an absorption t echnique proved more satisfactory. 

On this basis they divided their strains into four groups. 
The fourteen strains comprising their first group showed well 
marked serological variation within the group. The other three 
groups consisted of five, five, and two strains respectively. 

HEHHANIEs37 (1921) investigated eighty five gonococcal 
strains all of which had been maintained on cultur e for some 
time. These strains included Torrey's strains which had been 
originally isolated in 1907. His stocks were maintained at 
room temperature and subcultur ed every eight to ten days. 

Rabbit antisera wer e prepared with strains which the 
author terms were "representative of three differ ent types 
of infection". 

The technique employed was that of agglutinin absorption. 
Gonococci for absorption wer € grown on a slant in a 15 x 1.7 
cmm. tube, and washed off with 1.0 ml . of a dilution (generally 
1 in 250) of the serum to be absorbed . The suspension was left 
at 56° c. for four to six hours and then overnight in the 
cold. Only a single absorption w2.s pGrforrned on each serum. 
After absorption the absorbed serum was tested by agglutin
ation with a suspension of the homologous organis@e 

Thus forty one strains were able to more or less remove 
the agglutinins from 1 ml . of a 1 in 250 dilution of an 
antiserum prepared with his gonococcus strain l.Absorption 
of this serum with the rema ining forty four strains failed 
to remove all the agglutinins for the homologous gonococcus 
(strain 1) after a singl t absorption . On this basis the 
forty one strains which were effective in the absorption 
were grouped together as group 1. 
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hany of the strains not included in this group, however~ 
showed a partial removal of agglutinins. l~oreover? results 
were less clear cut if a differ ent scrur~ dilution was 
employed. Thus only what Hcr1:1anics r efers to as the " more 
decisive dilutions " are pres ented in the paper. The 
technique was further complicat ed by the observation that 
the "agglutinability of the saci e strain varied som ewhat 
from day to day and at times this variability was quite 
marked 7 and more pronounced in some strains than in others". 

Having thus separated forty one strains into a single 
group,the same experiu1ent was r epeated using an antiserum 

., prepared from one of the r er:·aining forty four strains. In 
this way a further five types were established, giving six 
gonococcal types in all. 

These experiments, to quote Hermanies, " prove that 
that the gonococci arc a collection of organisms that fall 
into distinct clear cut i mmunological types, having very 
little relation with one anoth0r 11 • 

The Torrey strains, six of which Torrey (1907) 
classified into thr ee groups all fell into Hermanies ' type 1. 

In a second paper Hormanies38 (1921) further subdivided 
the thirty six strains pr esent in his type 2 into four 
different races which he referred to as a,b,c, and d strains. 
This subdivision he found necessary due to the variation in 
the agglutinogenic and absorptive capacity of the strains 
grouped as type 2. 

Thus of the eighty five strains, forty one fell into 
type 1, thirty six into type 2 (with its four subdivisions), 
and the remaining eight into a further four groups. 

TORHEY39 working with BUCKELL made a second investiga
tion into the problero of the serology of the gonococcus in 
1922. 

They used seventy seven strains representing gonococcal 
infection occurring in various countri es, and all the strains 
had been on subcultur e for soDe tiD;e . Twelve of the strains 
including the ten Torrey strains had been under cultivation 
for fourteen years. 
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Simple agglutination tests were carried out with 

forty seven strains and eight antisera. Their figures clearly 
illustrate the futility of attempting classification by 
direct agglutination, titres with heterologous strains often 
greatly exceeding the homologous titr~s. They conclude that 
"straight agglutination tests are not of any definite value 
in indicRting possible type relations between gonococcus 
strains". 

They then proceeded to carry out agglutinin absorption 
tests . The method of absorption was as follows g 

The absorbing strain was harvested from ascitic agar 
slopes with saline, centrifuged, and 0. 2 ml. of the 
loosely packed organisms used for the absorption. The 
serum to be absorbed was appropriately diluted (generally 
1 in a 100 to 1 in 250), and 5. 0 ml. added to the 0. 2 ml. 
of the absorbing organisms. Absorption was allowed to 
proceed at 45° to 500 c. for two hours. The agglutinin 
titre of both the absorbed and unabsorbed serum against 
the homologous organism was then determined. 

Some of the results obtained by Torrey and Buckell in 
carrying out these absorptions have been abstracted from 
their paper and are set out in table 36. 

Table 36: The results obtained by Torrey and Buckell in 
absorption of a gonococcal antiserum with various 
gonoco~cal strains. ·-----Titre Titre Titre Percentage 

Titre absorbing homologous homologous absorption 
Strain unabsorbed strain with ,strain with strain with of 

serum absorbed unabsorbed absorbed specific 
serum serum serum agglutinins 

2 1000 <500 8000 8000 0 
74 8000 <500 8000 6000 25 
21 500 <500 6000 4000 33 

4 1000 (500 8000 4000 50 
28 2000 <500 6000 2000 6S 
3 4000 ~·500 8000 2000 75 

31 8000 <500 6000 1000 84 
12 500 <500 8000 1000 87 
19 1000 <500 8000 500 93 
11 ~.QC),) <590 8000 <500 100 

The r esults have been expressed as the percentage of 
agglutinins removed from the serum (the last column in 
table 36). 



Nine antisera were used in the larger investigation 
and a single absorption was carried out on each of these 
sera with the available gonococcal strains. In table 37 
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the results of absorption tests with fourteen strains on 
the nine antisera employed have been tabulated. The figures 
have been abstracted from Torrey and Buckell's paper, and 
the strains selected include the nine strains used in prep
aring the antisera . The grouping of the strain has been 
included in the last column. 

Table 37: The results of agglutinin absorptions carried 
out by Torrey and Buckell (1922) showing the 
percentage absorption of the nine antisera 
used in their investigation by the nine homol-
o ous onococcal strains and five other strains. 

Go 
1 

The percentage of agglutinins removed from 
noeo?ca gonococcal antisera Group 
stral.Ils • 29* 33* 15 8 42 7 5 18 41 

29 ! 75+ j 75+ 75+ 75+ 75+ 75+- ±50 ·75+ -33,-+---Regular-·--
33 j75+ . 75+ 7 + 75+ 75+ 75+ ~50 -33 -33 Regular 
15 j!50 75+ 7 + 75+ 75+ 75+ ±50 ±5() -33 Regular 
8 75+ 75+ 75+ ~ ! 75+ ?5+ ±50 75+ Regular 

42 75+ 75+ 75+ 75+ 7 + 7 + -33 . -33 -33 Regular 
7 ±50 75+ ±50 -33 75+ 7 + 7 + :50 ±50 Intermediate 
5 -33 -33 ±50 ±50 ±50 -33 7 + ! 0 -33 Intermediate 

18 -33 -33 75~ 75+ 75+ ±50 -33 7 + · 7 + Irregular 
41 -33 -33 -33 ±50 75+ ~33 -33 -50 Irregular 

1 -33 ±50 75+ ±50 75+ -33 ±50 75+ 75+ Irregular 
2 -33 -33 -33 ±50 ~33 -33 75+ -33 -33 Irregular 

12 -33 75+ 75+ ~33 -33 ±50 ±50 ±50 -33 Intermediate 
4 175+ 75+ ±50 :!:50 75+ -33 75+ :l:50 -33 Regular 

13 1 ±50 75+ -33 ±50 -J ± nte e i te 
* These antisera were prepared with the 11Torrey strains 11 which had 

been maintained on artificial oulture for fourteen years. 

Torrey and Buckell's conclusions were that the "strains 
could not be distributed among a number of distinct serol
ogical types which were sharply separated from one another". 

Rather than leave the matter at that, however, they then 
proceeded to divide their strains into three groups. 

l.Regular group (thirty nine strains) which on the whole tended 
to absorb out more than 75 % of the agglutinins from five of 
the nine antisera. There were, however, many exceptions. 

2.Intermediate group (sixteen strains) which though showing a 
close relationship to the regular group tended to show more 
variation in the behaviour of the strains. 

3.Irregular group (nineteen strains) which exhibited individual 
antigenic variations to a marked degree. 
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A number of significant points emerge frow Torrey and 

Buck ell ~s pa.per. 

a.They encountered occasional strains which were agglutinated 
to titre by various antis era 1 yet absorbed little or no 
agglutinins from that serum in absorption tests. Other 
strains showed poor agglutinin titres in agglutination 
tests, but proved highly effective in absorption. 

b.Re-examination of five of the six strains originally 
examined in 1907 and which then appeared to comprise three 
distinct serological types, now appeared to be serologically 
indistinguishable and were placed in the regular group. 

c.Many recently isolated strains were relatively inagglutin
able, but became agglutinable after a period on artificial 
media. It may be noted that their sera were prepared with 
strains which had been on subculture for some time. Two 
antisera were prepared with strains fourteen years old. 

d.Day to day variations in agglutinability of strains were 
observed. 

e.Two antisera prepared with the same strain showed striking 
variation in their behaviour in abs9rption tests. Thus the 
same gonococcus when used to absorb out these two antisera 
prepared with the identical strain, in one case almost 
removed all the agglutinins from the serum, and in the 
other failed to effect any absorption whatsoever (table 38). 

Table 38~ Two antisera were prepared with each of two 

Antiserum 
against 

onococcus 
5 251 
5 (121) 

29 (217) 
29 (236) 

gonococcal strains ( 5 and 29). The figures, taken 
from Torrey and Buckell's paper,illustrate the 
varation in the percentage absorption when twelve 
gonococcal strains (1 to 49) were used to absorb 
out these two antisera. 

1 7 
50 90 
25 50 

0 50 
I 24 88 

Percentage absorption with gonococcal strains 

11 
50 
25 

50 
88 

1 
50 
50 

50 
88 

18 
0 

50 

0 
0 

19 
50 
75 

25 30 
O 80 
0 100 

__.3.......,4_..__38 ____ 4._1__42 
80 80 0 0 
75 90 O 0 

75 75 0 100 90 50 0 
__ 8 __ 8 __ ..... 8 __ 8 ___ 8 __ 8_-"'1=00.;;.__ . .;1;.;.,;00 ____ 6_..J ___ ....Q 
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f.No definite serological distinction could be drawn 

between infant and adult strains as suggested by Pearce31 
(1915). 

g.In an attempt to find out whether the use of a larger 
number of sera would provide a more clear cut division 
of their strains, they absorbed twenty seven antisera 
with twelve selected strains. Again, the results showed 
that some sera were more regularly absorbed out under 
these conditions than others, but it was obvious that no 
grouping of strains was present. Indeed, it seems probable 
that the more sera employed, the more obvious does the 
degree of overlap become. 

Torrey and Buckell ascribed the differences between 
the gonococcal strains as due to a phenomenon of antigenic 
lability, a term which Hermanies also employed · in relation 
to his type 2. 

TULLOCH40 (1923) investigated one hundred gonococcal 
strains isolated from cases of urethritis in males. Unlike 
almost all other workers in this field his strains were all 
freshly isolated. Five gonococcal rabbit antisera were used. 

The technique Tulloch employed was agglutination and 
agglutinin absorption. Absorption was carried out by adding 
a small volume of serum to 2.0 ml. of a suspension of the 
absorbing organism, so as to provide a known dilution of 
the serum. Absorption was then allowed to proceed at 37° C. 
for 24 hours. 

Preliminary agglutination of ten strains with three 
antisera produced "unexpectedly homogeneous" results, and 
no antigenic grouping appeared possible. Absorption tests 
were then carried out. 

Of the one hundred strains, seventy two substantially 
reduced the titre of a single antiserum (termed a type 1 
antiserum), and these strains were grouped together as type 
1. The original serum was accidentally lost and was 
replaced with another showing similar behaviour during the 
investigation. 

Four further groups were demarcated by the capacity of 
the strains to absorb four other antisera, and these groups 
comprised seven, three, five and five strains respectively. 
Eight strains were finally listed as unclassifiable. 
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Some other points require comment. 

a.Like Torrey and Buckell, Tulloch found that a number of 
relatively inagglutinable strai ns proved highly effective 
in absorption of the same antiserum . 

b.A ris e in agglutinin titre as the organism was subcultured 
was noted. 

c.Absorption of the strains const i tuting his minor groups 
showed rather remarkabl e behaviour, viz. the absorbed 
serum showed a considerably higher agglutinin titre 
against the homologous organism than the unabsorbed serum. 
Thus absorption did not r esult in a fall in titre of the 
serum, but in a riseJ 
The explanation of this lies in the blocking effect of the 
polysaccharide (Tulloch was using only recently isolated 
strains), as described in Chapt er XVI. Table 39 has been 
abstracted from Tulloch's paper and illustrates the results 
of absorption tests with the strains constituting his four 
minor groups. 

Table 39:The results of absorption tests on serum 111887 11 

with some of the strains constituting Tulloch's 
minor groups. 

Reference· 
no. of 
strain 

A6scirpfion of 11 1SS'7" 
Unabsorbed Absorbed serum 

scrum plus homologue 
8T* 4T 3'1:' 2T 8T 4T 3T 2T 

1889 ++ ++ ++ + ++ ++ ++ ++. 
1900 ++ ++ ++ ++ ++ ++ + 
2026 ++ + ++ ++ ++ ++ 
2053 ++ ++ ++ ++ ++ 

* T = titre of antiserum. 

serum 
Absorbed serum 

plus test coccus 
8T 4T 3T 2T 

--

ATKIN41 (1925) noted a variation in the colonial appear
ance of gonococci aft er they had been allowed to grow for 
five to seven days or longer . Th e one type which Atkin 
found in recently isola t ed strains, grew as a thin sheet 
with papillae (type 1). 

The second typ e , pr es ent in strains which had been on 
subculture for two years was a dens e thick growth without 
papillae (type 11). Atkin then pr epared two antisera, one with 
each strain, and noted that r ecently isolated strains were 
agglutinated by the antiserum pr epared from the recently 
isolated strain. Stock strains, however, wer e agglutinated 
by the type 11 antiserum. 

r 
-,_ 

:; 
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Just as these two colony types were the extremes of 

a wide range of intermediate types, so the agglutinin titres 
of the corresponding antisera overlapped, and a number of 
strains were well agglutinated by both antisera. In all 
seventy four strains were investigated. 

The sugg estion was that the type I colony by selection 
of the longer lived papillae eventually changed into the 
type II. This transition, however, was not directly observed 
by Atkin in any strain maintained on stock culture. What 
Atkin did observe was a loss of agglutinabili t y of a recently 
isolated strain with his type I serlli!l . 

On the basis of a small number of strains isolated from 
the cervix and which had features in comm on with his type 11 7 
Atkin then suggested that the type 1 to type 11 transforma
tion also occured in such sites as the cervix, and that the 
type 11 strains were r esponsible for the more chronic types 
of gonococcal infectiono 

The conclusions were tha t strains isolated from cases of 
urethritis were t ype 1 stra ins ; those from the cervix, joints, 
etco were predominantly type 11 strains. 

MIRAVENT, QUIROGA, and NEGRONI42 (1926) investigated 
forty seven gonococcal strains wi t h four selected antisera. 
All the strains had been subcultured for not less than three 
monthso The technique employed was agglutination and 
agglutinin absorption the method being largely that used by 
Torrey and Bucke1139. 

Forty five of their strains were divided into four 
groups containing sixteen, eight, nine, and twelve strains 
respectively. Two strains could not be placed. 

They concluded that their divi sion into groups ~as 
definite, and they had no doubts as to the identity of the 
various strains . Unfortunately their paper is limited to a 
general description of t echnique and details ar e not given 
so that a critical evaluation of their work is not possible. 

SEGAWA43 (1932) exafil ined sixty four freshly isolated 
strains with thirty five rabbit gonococcal antisera. 
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Simple agglutination t ests with thirty five gonococcal 

strains and the corresponding thirty five antisera revEaled 
no grouping of str ains, and the pr esenc e of a compl ete 
cross reaction. · 

Som e strains which agglutinated to a lower titr e wer e 
then s elected and agglutinin absorption tests performed. 
Neither the techni que, nor the r esults ar e given in any 
detail. However, the r esults of absorptions of twenty two 
antisera with thirty gonococcal strains were reported to be 
as good as the absorptions with the homologous gonococcal 
strains. A variation in absorpt i on was noted and was 
ascribed to a lability ("Labilitl:lt") in the gonococcus . 

Segawa's conclusions were tha t the investigation 
disclos ed "no variants which could be looked upon with 
certainty as a distinct i mmunological typ e" . 

It is unfortunat e that this i mportant paper was so 
inadequately documented as it app ears to be the only invest
igation where an adequate number of apparently recently 
isolated strains were investigated with a large rang e of 
antis era. 

ABDOOSH44 (1934) investigated one hundred gonococcal 
strains which he had isolated from cases of acut e urethritis 
in Cairo. Three rabbit antisera were used. 

The technique was agglutination as well as agglutinin 
absorption. The absorption was perform ed by incubating a 
1 in 50 dilution of gonococcal antiserum with an equal volume 
of a thick suspension of the absorbing 8onococcal strain. 
Absorption was allowed to proc eed at 37 C. for two hours, and 
with a further volume of emulsion overnight in the cold. 

Simple agglutination tests revealed that eighty four of 
the strains agglutinated to high titre with the three antisera. 
Thirty of these strains were then selected for absorption 
tests, and it was found that twenty six of these completely 
removed the agglutinins from the three antisera in absorption 
tests. An antiserum pr epared with one of the four remaining 
strains was exhausted in an absorption test by the homologous 
gonococcus but not by the three rem aining strains. 

Of the sixt een remaining strains, six were described as 
auto-agglutinable. Colonially these strains pr esented as 
a small colony (0.5 mmso in 24 hours) using blood or serum 
agar, with little tendency to grow larger on further 
incubation. Abdoosh describes this group as antigenically 
heterogeneous. 



The final ten strains failed to agglutinate with the 
three antisera. An antiserum prepared with one.of these 
strains agglutinated the homologous strain only to any 
appreciable titre. 
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Thus the final grouping of his one hundred strains was 
as follows~ 

Group A -
Group B -

Group A 
related 

Group C -
Group D -

73 % ) 84 % 
11 % ) 0 

form ed a homogeneous group; group B was closely 
to group A. 
6 %· This group was auto-agglutinable . 

10 %. A heterogeneous group. 

Like Atkin, Abdoosh suggested that in the body the 
gonococcus underwent a change which was manifested by a 
variation in the antigens of the organism, drifting gradually 
to a heterogeneity with the auto-agglutinable rough variants 
as the final stage. The process was supposed to be a gradual 
one and therefore all sorts of gradations in antigenic 
structure could be encountered. 

No information is available as to the period of time .the 
strains were maintained on artificial media, nor whether the 
antisera were prepared with fresh or old gonococcal strains. 

CASPER45 (1937) investigated one hundred and nine 
gonococcal strains. He emphasised the importance of using 
recently isolated strains. However, it is obvious from the 
figures given in the paper that many strains were more than 
a month old when he commenced preparing the antisera . One 
strain was two years old. 

Two selected rabbit gonococcal antisera were used, and 
these wer e selected as representing two gonococcal types. 
The technique employed was simple agglutination of each 
gonococcal strain against the two antisera . A two tube 
difference in agglutinin titre between these two antisera 
was considered adequate to assign an organism as belonging 
to one or other type. Agglutinin absorption was also used, 
but was seldom required. 

Thirty five of these strains were placed as type 1, and 
twelve as type 11. Five were des,cribed as "heterologom?", but 
after absorption four of these were placed in these two 
groups. The fifth absorbed both sera equally well and was 
called a type 1 + 2, or a "bivalent " strain. 
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Twenty one strains were described as 11 irregular 11 since 

they agglutinated with neither serum to a titre above 1 in 
200. 

Thirty five strains were described as "degenerated" since 
they showed traces of agglutination in normal serum and saline 
controls. Subsequently, however, two of these strains were 
spoken of as having "recovered from their degeneration" since 
Casper was able to use them satisfactorily in absorption 
tests. 

Casper then investigated the gonococcal strain whi ch 
Tullochijo (1923) had described as his predominant strain 
comprising seventy two of his hundred strains. This strain 
had been maintained on artificial media for about fifteen 
years. On analysis it corresponded with the least common 
of Casper's strains, the bivalent strain! 

STOKINGER, CARPENTER, and PLACK46 (1944) investigated 
nine strains which had been under cultivation for a period 
varying from one month to thirty four years. 

The technique was to perform agglutination tests, and the 
quantity of antibody nitrogen absorbed was

4
~stimated by the 

method described by Heidelberger and Kabat'/ (1934). 

They found that the amount of antibody nitrogen taken up 
by nine strains from a single antigonococcal serum varied with 
each strain investigated, and as the degrees of cross
reactivity equalled the number of strains employed, no 
evidence of gonococcal types was established. 

REYN48 (1944,1949) working in 0rskov's laboratory in 
Copenhagen, attempted to apply the method~ so successfully 
used in the salmonella group by Kauffmann 9 and others, to 
the gonococcus. 

Thus by absorbing a gonococcal antiserum with a heterologous 
gonococcal strain some residual activity was left against 
the homologous strain. This absorbed serum was then referred 
to as a "factor serum" in the sense of the single factor 
salmonella 11 0 11 antisera which are produced by appropriate 
absorption. In this way a large number of gonococcal "factor" 
sera were produced. 



Reyn used the relatively insensitive complement
fixation techniquG in pr eference to agglutination. 

77. 

Because the absorbed antisera were often anticomplementary 
to a greater or lesser degree (Reyn gives a figure of 60 % 
as the percentage of anticomplementary "factor" sera), and 
as·the antigen was equally anticomplementary, many strains 
(even as high as 50 %) could not be typed. Attempts to 
overcome these difficulties by adding inactivated guinea 
pig s erum to the antigen , and by preparing gonococcal 
antisera in guinea pigs instead of rabbits, were unsuccessful. 

The more "factor" sera employed , the more gonococcal 
types appeared. Thus with one hundred gonococcal strains, 
and five abs orbed antisera, twenty seven types were obtained 
including eighteen with more than one representative. If nine 
"factor II sera were used the number of types increased to 
fifty two, eighteen of which had more than one representative 
and thirty four of which had only one strain representing 
each type. 

That these "types" were far from clear cut is obvious 
from her statement that "the types could be established only 
with some difficulty, small devi ations being left out of 
consideration". Further in the same paper she writes that 
"the types obtained were not very clearly defined, a s the 
fixing capacity of the individual strains varied consid
erably within these types". 

Investigation of strains repeatedly isolated from the 
same patient, or from couples, where it would be anticipated 
that the strains be serologically identical , were, in fact, 
found to be serologically different in 34 % of cases using 
five "factor" s era . 

Reyn suggests a mutation as the most probable 
explanati~n of this discrepancy, but it seems far more 
probable that they were due to unsatisfactory technical 
methods . 
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CHAPTER XXV. 78. 

GONOCOCCAL POLYSACCHARIDES. 

BOOR and 1HLLER50 (1931) extracted a gonococcal 
suspension with sodium hydroxide, and then acidified the 
clear prodµct with acetic acid . The precipitate which formed 
contained what they termed the nucleoprotein. 

The clear supernatant was conce~trated, boiled to 
coagulate any protein which was removed, and then precipit
ated with ten volumes of alcohol . The precipitate was 
redissolved in water . 

This solution, on testing, gave a positive Molisch test, 
but tests for protein were negative. This product also gave 
positive precipitin tests with gonococcal antisera prepared 
with whole organisms, with antisera prepared with the 
nucleoprotein fraction, and with a pneumococcus type III 
antiserum. 

In a second series of papers BOOR and MILLER51 (1934) 
carried this work further, and characterised the carbohydrate 
as being a light yellow powder, water soluble and 
precipitated by alcohol . It was resistent to the action of 
acid and alkali. Micro-Kjeldahl gave a nitrogen content of 
4.2 %, and the product was optically inactive. The product 
was non-toxic for rabbits and mice, and was non-antigenic. 
However, a delayed type of skin reaction was obtained in 
immunised rabbits on intracutaneous injection. 

Positive precipitin tests were obtained with 
gonococcal, meningococcal, and pneumococcal type III 
antisera, but not with N.catarrhalis·antisera. 

There was no evidence of strain specificity in so far 
as carbohydrate fractions prepared from six strains of 
gonococcus all cross reacted with five gonococcal antisera . 

They concluded that since it was impossible to 
demonstrate capsules on gonococci, the carbohydrate fraction 
was of somatic origin. 



MUTERMILCH and GRIMBERG52 (1935) obtained a product 
similar to that of Boor and Hiller. It gave a positive 
Fehling reaction after hydrolysis, about 35 to 40 % being 
converted to reducing sugars. 

79. 

Their method of preparation differed somewhat, in that 
they dissolved the organisms in 10 % sodium taurocholate 
solution. The acid precipitable fraction was then discarded, 
protein removed by boiling, and the carbohydrate separated by 
alcoholic precipitation. 

Their product was not antigenic in rabbits, but was able 
to fix complement in the presence of an immune serumo 

CASPER53 (1937) extracted the gonococcus by solution in 
sodium taurocholate to which excess alkali had been added. 
The clear fluid was precipitated with alcohol, the precipitate 
re-dissolved in water, and again precipitated with acetic 
acid. Following further repeated alcoholic precipitations from 
aqueous solution, a product was finally obtained which was 
protein free and gave the usual tests for a carbohydrate. 

The fraction gave positive precipitin tests with ~he 
antisera of the corresponding gonococcal type (either type 1 
or type 11). There was no cross reaction with meningococcal 
and pneumococcal antisera. 

The carbohydrate prepared from his type 11 gonococcus 
was heat labile; that from type 1 apparently heat stable. 
He claims that his products gave a specific skin reaction 
in patients with gonococcal infection, patients infected 
with the type 1 gonococcus only reacting with a type 1 
carbohydrate. Any cross reactions he obtained i.e. a patient 
infected with a type 1 gonococcus reacting to a type 11 
carbohydrate, he attributed to the presence of a "species 
specific" carbohydrate. 

PINETTr54 (1937) attempted to isolate a type specific 
polysaccharide from the gonococcus. He followed various 
techniques of extraction, the final product being a yellow 
solution, non-toxic, and non-antigenic. Used intradermally 
positive reactions were obtained in 65 % of gonococcal 
cases as compared with 20 % of normal controls. 
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R0SSETT55 (1939) obtained a carbohydrate from the broth 

of a six day gonococcal culture, again using alcoholic 
precipitation as the method of extraction. It gave the 
usual chemical tests for a carbohydrate, and a wheal on 
intradermal injection of patients. 

MILLER and BOOR56 (1944) in a further series of 
investigations, suggested that the carbohydrate in the 
gonococcus was bound as glucoprotein and glucolipoid. Using 
trichloracetic acid precipitation they obtained a gluco
lipoid complex which was toxic to animals, and also antigenic 
in rabbits .. 

Chemically their fraction was a polysaccharide containing 
phosphorus and nitrogen, combined loosely with a phospholipid. 

STOKINGER, ACKEill1AN, and CARPENTER57 (1944) found that 
carbohydrate constituted from 5 to 9 % of the weight of the 
dried cell. They obtained a carbohydrate showing group 
specific reactions as reported by Miller and Boor but their 
analytical values failed to establish the presence or 
absence of an immunologically specific carbohydrate. 

They then proceeded to investigate the fraction obtained 
by Rossett in broth cultures and claimed that it was a 
protein-like material containing a variable amount of carbo
hydrate. It was toxic, antigenic, and fixed complement in the 
presence of an immune serum. This latter property was lost 
after denaturation. It was destroyed by proteolytic enzymes. 
The carbohydrate portion alone was non-antigenic. They 
concluded that it was a degraded protein derived from the 
nucleoprotein of the gonococcal cell. 

THOHAS and MENNIE17 (1950) prepared fractions active 
in the gonococcal haemolysis test by rapid freezing (dry 
ice alcohol) and thawing (56° c.) twenty times; by papain 
digestion; and by alkaline hydrolysis followed by alcoholic 
precipitation. 

It seems probable that some of the techniques 
described would prove adequate in preparing a 
polysaccharide similar to that employed in this investig
ation. This is particularly true of the earlier work of 
Boor and Miller had they employed smooth gonococcal 
strains. 
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Other fractions, however, were active in complernent

fixation, and cross reacted with other neisseriae, and 
probably do not correspond to what has been termed the type 
specific antigen investigated in this work. They may, 
however, correspond to what hns been termed the group 
antigen. · 

The technique of extraction described by Casper was 
repeated but failed to yield a fraction active in the 
gonococcal haemolysis test. 

The methods described by Thomas and Mennie were 
investigated but only their third method, when used with 
freshly isolated gonococcal strains, produced a fraction 
active in the gonococcal haemolysis test. An active 
fraction was not obtained by freeze-thawing alone, nor by 
papain digestion. 
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CF..APTER XXVI. 82. 

THE SIGNIFICANCE OF THE S-R CHANGE AND OTHER FACTORSo 

The S-R Change. 

Arkwright20,58 (1920,1921,1924), working with the 
enterobacteriaceae first described the smooth-rough (S-R) 
ve.riation in these organis r,1 s as cha:i:' acteris ed by the 
formation of rough granular colonies on solid media, by the 
presence of granular growths in fluid media, and by 
spontaneous agglutination in saline. The change was associated 
with a loss of the polysaccharide antigen that characterised 
the surface of the normal smooth form, and with a loss of 
virulence; a feature well illustrated by the lack of 
virulence of the rough pneumococcus for mice. 

Subsequently Arkwright59 (1927) demonstrated that a 
vaccine prepared with the rough form failed to provide 
protection to guinea pigs when challenged with a dose of 
the smooth form. 

The S-R change was a gradual one and intermediate forms 
appeared between the typical Sand the fully degraded R when 
a culture was plated out. 

Although at first the emphasis was placed on the change 
in the colonial appearance of the organism, it was soon 
realised that the essential change was not the changed 
colonial morphology; but the loss of an antigenic component 
characterising the surface of the ba cterial cell in the normal 
smooth form. Indeed, an obvious change in colony form need 
not be present. 

Although the possibility of some degenerative change in 
relation to the gonococcus had been suggested by many workers, 
the recognition of an S-R change could not be made with any 
degree of certainty because of the absence of an obvious 
morphological chcnge , and because of the lack of a method 
for detecting the loss of a surface antigen. 

The gonococcal haemolysis test is directed against a 
heat stable polysaccharide antigen present on the surface of 
smooth gonococcal strainso After the gonococcus has been 
maintained for a period on artificial media, this antigen is 
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lost, and after a few months an antigen active in the 
gonococcal haemolysis test can no longer be extracted. 

It is suggested that this change is in every way analogous 
to the S-R change described in other organisms, and is 
offered as u,,.iquivocal proof of the S-R change in the gonococcus. 

As with other organisms, the rapidity with which the 
gonococcus becomes rough varies from strain to strain. In one 
strain (Z12) the type specific polysaccharide was lost after 
ten weeks; strain Estill possessed a detectable antigen 
after six months. Even when the antigen can no longer be 
detected in the gonococcal haemolysis test, its presence may 
be demonstrated by animal i mmunisation after at least nine 
months on subculture. 

The Morphological Change. 

It has been stated that the S-R change is not associated 
with an obvious morphological change. A morphological change 
does, however, occur, and it consists of a loss of the 
typical stickiness of the recently isolated gonococcus. 

There is very little reference in the literature to this 
quality in the smooth gonococcus. Tulloch4o, who was one of 
the few workers to restrict himself to recently isolated 
strains, described this feature very well. He states:"The 
most constant feature of the growth is its peculiar mucus
like quality, which is readily appreciated when a colony 
is picked off for isolation, for the growth tends to hang 
to the edge of the loop and to the agar at the same time 
leaving quite an appreciable string of growth between loop 
and medium 11 • Similarly in saline the gonococcal suspension 
appears as long strings of sticky mucoid material. 

As the strain is subcultured these characteristics 
become less well marked, the culture appears to become 
drier, and more easily manipulated with a loop. This change 
has not the obviousness of the S-R change in organisms 
such as the salmonellae, but is none the less a valid 
observation that has been made by a number of workers in 
this laboratory who have been engaged on daily subculture 
and harvesting of gonococcal strains over a long period. 
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The Influence on Antiserum Production. 

The change of the gonococcus to the rough state is 
associated with two important changes. 

l.The first is a change in the agglutinability of the 
organism. 

2.The second is related to antiserum production by smooth 
and rough strains. 

Using an antiserum prepared with a smooth strain, a 
relatively high agglutinin titre was obtained when tested 
against other smooth gonococcal strains. After a few months 
on subculture, and a gradual change to the R form, there 
was a fall in agglutinin titre, sometimes a very marked fall, 
when these same strains were tested with the original 
antiserum. 

On the other hand, when the antiserum is produced with 
an older and presumably relatively rough gonococcal strain, 
agglutinin titres tended to be high against older strains 
and lower against suspensions prepared from the freshly 
isolated gonococcus. 

The Loss of a Second Anti_g_en. 

It has been indicated that with the S-R change there is 
a loss of the type specific polysaccharide. There is also 
a loss of an agglutinin binding antigen . 

It has been demonstrated that an antiserum against a 
smooth strain possessed at least two components. 

l.One active in the gonococcal haemolysis test against 
the type specific polysaccharide. 

2.The second active in agglutination against an antigen 
shared by all gonococcal strains, and which has been 
termed the group antigene 

The evidence for the separation of these two components 
was that removal of antibodies against the type specific 
antigen (by absorption of the serum with sensitised cells) 
did not result in any loss of titre in an agglutination 
test. Removal of the type specific polysaccharide from an 
antigen similarly did not in any way interfere with the 
capacity of that antigen to fix complement in the presence 
of the immune serum. 
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There is thus convincing evidence that the agglutination 

and complement-fixation tests are directed against an antigen 
present in the gonococcus other than the polysaccharide 
fraction reacting in the gonococcal haemolysis test. The 
loss of agglutinability of gonococcal strains (when tested 
with an antiserum prepared with a smooth strain), and the 
loss of activity in the gonococcal haemolysis test, must 
therefore be ascr ibed to the loss of two distinct 2.ntigens. 

The 0 Blocking" Effect. 

The importance of the S-R change and its influence on 
antiserum production has been mentioned. There is a third 
important factor, however, which can markedly influence 
agglutinin titres in relation to the gonococcus, and that 
is the presence of type specific antibodies in the serum. 

The type specific antibody can combine with the group 
antigen, and so block the action of the agglutinating 
antibody. Removal of these type specific antibodies by 
absorption of the serum with sensitised cells, may result 
in markedly augmented agglutinin titres. This blocking 
effect was only apparent with some gonococcal strains, and 
at the moment no explanation can be offered as to why this 
should be the case. 

confirmatory Views. 

All of these variations in a gglutinability have been 
recorded and discussed by other workers in this field. 

Thus as far back as 1909 Elser and Huntoon24 noted the 
presence of "highly inagglutinable strains", and that old 
cultures were t wice as easily agglutinable as recent ones •.. . 

Torrey and Bucke1139 (1922) using antisera prepared with 
old strains noted that many recently isolated strains were 
relatively inagglutinable but becam~ agglutinable after a 
period on artificial media. Tulloch~O (1923) recorded the 
same observation. 

The opposite observation, namely the loss of Qgglutin
ability of a recently isolated strain ~fth a serum prepared 
with a recent strain was made by Atkin (1925). What Atkin 
referred to as his type 1 and type 11 strains were smooth 
and rough forms, and his serological classification is 
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in fact, merely a division into smooth and rough variants. 
Thus his type 1 antiserum (prepared with a smooth strain) 
agglutinated other recently isolated strains, and hence 
were grouped together as type 1. His type 11 serum prepared 
with a rough gonococcal strain, agglutinated other old 
stock strains but not recently isolated ones to equivalent 
titre. 

The transition from type 1 into type 11 is the S-R change. 
Atkin,however, co~sidered· that this transition took place in 
the body as wBli as on artificial media , and that the type 11 
strains which arose in this manner were responsible for the 
chronic typ es of gonococcal infection. There is no evidence 
in favour of this point of view. Neither is there any 
evidence for his correlation of his two gonococcal types 
with distinctive colonial appearance. 

The rise in agglutinin titre following absorption 
recorded by Tulloch O (1923), without any comment as 
significance. Again it occurred only in a proportion 
strains, and,notably, in that proportion that failed 
into his major group. That it was not encounter ed by 
workers in this field is almost certainly due to the 
rough gonococcal strains in the preparation of their 
antis era . 

was 
to its 
of his 
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Variation in the gonococcus has been postulated by other 
workers as an explanation of their inability to obtain rigid 
serological grouping of their strains. Thus both Hermanie~37 
(1921) and Torrey and Bucke113 ~ (1922), as well as Segawa~3 
(1932),used the term "lability" ? although none of these 
workers explain what precisely is meant by it. The term 
tends to convey the idea of a reversible antigenic change, 
rather than of 0U irreversible degenerative change of the 
S-R type. Reyn4~ (1949) postulated a muta tion as the 
reason for her failure to obtain reproducable results in 
her typing of gonococcal strains. 

It is rather surprising that more attention ha s not been 
paid to the problem of S-R variation in relation to the 
gonococcus, especially when one bears in wind its strictly 
human pathogenicity, and its most fastidicus cultural 
requirements. 

The problem of the antigenic relationships of the gono
coccus bears a striking resemblance to the situation that 
prevailed in relation to Haemophilus i:n:fluenzae. 



The earlier work on the serological analysis of this 
organism revealed a striking heterogeneity. Thus Park, 
Williams, and Cooper60 (1918), using an agglutination and 
agglutinin absorption technique with one hundred and sixty 
strains and twenty antisera, fotmd only four identical 
pairs. Even strains repeatedly isola ted from the s ame 
individual were not always identical. This pattern of 
serological behaviour was confirmed by many other workers. 

Pittman61 (1931) then observed that if smooth strains 
only were used, six clear cut types were established one 
of which (type b) was the most common. These smooth strains 
all possessed a type specific carbohydrate. These smooth 
forms, however, rapidly gave rise to the rough variant on 
artificial media, with the loss of the specific carbohydrate. 

The problem of the S-R change has been deliberately 
discussed before embarking on a critical assessment of the 
results of the various papers that have been reviewed in 
the earlier section, since this change throws important 
light on some of the difficulties encountered in this field. 

There are some other factors, however, which should be 
considered in interpreting differences in agglutinin titres. 

The Question of Optimum Proportions. 

Certain antigen-antibody systems are notoriously liable 
to prozone phenomena, the best known example perhaps being 
the brucella agglutination where a prozone of 1 in a 1000 
is not uncommon. 

An inhibition of agglutination in the zone of antibody 
excess is also seen in a very high proportion of gonococcal 
agglutination tests. The majority of reactions show a 
prozone of two to three tubes, and occasionally it is as 
high as seven. 

An inhibition of agglutination in the zone of antigen 
excess has received far less consideration, and the possib
ility of its occurence is very conveniently ignored in 
reading agglutination tests. That it is a major probl~m 
has been recently demonstrated bl Morgan and SchUtze62 
(1946), and Stewart and McKeever 3 (1950) in relation to 
the enteric group of organisms, and by Wilson and 
Merrifield64 (1951) in relation to brucellosis. 
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By the addition of an anti-human globulin serum to 

the thrice washed suspension in the "negative" tubes of an 
agglutination test they were able to demonstrate considerably 
augmented titres. The technique in the case of a bacterial 
suspension, however, is extremely laboriouso 

Apart from Pearce31 (1915) there is no mention of a 
prozone in gonococcal agglutination tests. The explanation 
undoubtedly lies in the fact that agglutination reactions 
were almost invarie.bly commenced at an initial serum 
dilution of 1 in 50 or higher; a dilution generally beyond 
the range of the pro zone. , 

Significantly enough in the tables included in Pearce 's 
paper the prozone is confined to those agglutination tests 
giving the lower agglutinin titres so that it is highly 
probable that an antigen-antibody reaction occurred beyond 
the macroscopically visible titre. 

The Degree of Development of various Antigens. 

Differences in agglutinability may exist which depend 
on the degree of development of the various surface antigens. 
This is well known in the salmonella and shig ella groups . 

Thus strains of S.typhi may be o, H~ and Vi deficient, 
such as the well known 901-o, 901-H, and Vi 1 strains. 

Somatic antigens such as the salmonella antigen XII may 
be developed to various degr ees ( e~pressed as XII1 ,XII2;and 
XII3 ), and, according to Kauffmann 9, these forms even 
undergo aphasic variation analogous to that encountered 
with the H antigens. 

Similarly an inhibition of agglutination in the Shigella 
group was finally traced to the presence of the so-called 
heat labile K antig ens. 

Thus variations in agglutinability do exist which can 
be explained by reasons other than basic antigenic di fferences 
between strains. 
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CHAPTER XXVIL 

SEROLOGICAL GROUPING OF GONOCOCCI BY AGGLUTINATION 

AND AGGLUTININ ABSORPTION TECHNIQUES. 

89. 

Having considered these variables, is there then any 
evidence of serological grouping among gonococci by direct 
agglutination? 

The concensus of op1n1on is that no grouping of gonococci 
into serologically distinct types is possible by simple 
agglutination. 

Certainly a number of papers do suggest that such 
grouping is possible. 

Thus Watdbiki30 (1910), on a two tube difference in titre, 
suggested that two of his eight strains showed a compcrative 
but not~ distinct difference. Vannod2~ (1906), and Elser and 
Huntoon24 (1909) recorded similar results. Pearce31 (1915) 
although eight of her fifteen strains showed no significant 
difference in agglutinin titre, still suggested that two 
distinct types of gonococci may be differentiated. JOtten34 
(1921) placed twenty of twenty seven strains into four 
groups by simple agglutinationo Casperij5 (1937) in a rather 
confused paper, placed forty seven of one hundred and nine 
strains into two types by simple agglutination, the remaining 
being described as either irregular or degenerated. 

These workers have not appreciated the wide variability 
of agglutinin titres in relation to the gonococcus. 

Warren32 (192l)l Cook and Stafford33 (1921), Thomsen 
and Vollmond36 (192 ), Torrey and Buckel139 (1922), Tulloch40 
(1923), Segawa43 (1932), and Stokinger, Carpenter, . and Plack46 
(1944) carried out direct agglutination tests and agree that 
no distinction between strains can be made by this method. 
Most of these papers too, comment on the variability of 
results obtained by this techniqueo 

Similar conclusions were arrived at as a result of the 
agglutination tests described in Chapter XVIII. 
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Thus agglutination tests will only be of differential 

value where the results are clear cut and ther e is no cross 
reaction-Once cross reaction occurs a common antigenic 
fraction is present, and the results of serological differ
entiation by simple agglutina tion are no longer valid. 

Under these circumstances the only proof of serological · 
identity is tha t the strains in question are capable of 
completely exhauting each others•sera in absorption tests. 
The emphasis should b e on the words "co!_IlpleteJ-Y exhausting~'. 

Where, however, after adequate absorption the two strains 
have exhausted their own sera, but not each others', the two 
strains must have different antigens . This difference in 
antigen content may indicate a true serological difference 
in the sense that they are distinct types, or it may indicate 
that the on·e strain has undergone a greater change of the 
S-R type rela tive to the other. 

This latter point will be of little importance in 
relation to such organisms as the salmonellas; it has 
provided an explanation for some of the confusion prevalent 
in the field of shigella serology; it presents a major 
problem in relation to the gonococcus. 

Of the various papers published on the differentiation 
of gonococcal strains by agglutinin absorption methods, 
unfortunately only two are sufficiently well documented 
for an intelligent assessment of their results. These ~re 
the papers by Torrey and Bucke1139 (1922), and Tulloch 0 
(1923). 

In none of these papers were the criteria set out above 
fulfilled. In all cases a single absorption of a standard 
volume of diluted serum by a standard amount of gonococcal 
suspension was carried out. 

Torrey arid Buckell regarded strains as identical if 
they removed 75 % of the agglutinins from a number of 
gonococcal antisera. If one bears in mind that all gonococcal 
strains cross react to a greater or lesser extent in 
agglutination tests, and hence share a common antigen, such 
a criterion is obviously unsatisfactory. Nevertheless these 
workers found a considerable degree of cross absorption 
with all their strains, although some behaved in a more 
uniform manner in this respect than others, and they were 
unable to determine any distinct serological types amongst 
them. 



91. 
All the strains used by Torrey e..nd Buckell were 

probably rough to a greater or l esser degree. Their antisera 
too were prepared with strains of various ages, two indeed 
with the "Torrey strains" which at that stage had been 
maintained on subculture for fourteen years. 

It is suggested that these factors ar e more than enough 
to account for th_e irregularities in the r esults obtained, 
and a more adequ~te interpretation of their results is that 
no serological grouping of strains whatsoever was evident 
from their figures; 

The most disturbing feature of this work is that two 
antisera prepar ed with the same organism, showed a totally 
different behaviour in respect to certain gonococcal strains 
in absorption tests. Indeed it casts doubt on whether any 
of the results recorded by methods other than . those where 
the absorptions were ca.fried to their logical conclusions, 
can be considered to be of any value. 

Tulloch40 (1923) on the other hand investigated one 
hundred recently isolated strains and the objections raised 
in respect to Torrey and Buckell's work, namely that they 
employed rough Strains, do not apply here. 

Of these strains seventy t wo ~bsorbed out a single 
antiserum to a greater or lesser extent in a single absorp
tion, and were grouped together. 

The majority of the remaining strains (twenty seven out 
of twenty eight) showed not a fall in titre after absorption, 
but a rise. The explanation, of course, is that the absorp
tion removed antibodies against the type specific polysacc
haride and so removed the factor which had blocked the 
agglutination reaction. 

Unfortunately Tulloch did not perform more than one 
absorption with these strains. An agglutination test with 
the absorbed serum against the absorbing strain was performed 
and was always negative. But, as both Tulloch,and Torrey and 
Buckell point out, strains were encountered which though not 
agglutinating to any appreciable titre were yet effective in 
absorption. The sole criterion that absorption is complete 
is that there is no further fall in titre of the serum when 
tested against the homologous orge..nism in spite of repeated 
absorption. This was not carried out. 
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; Two other approaches are possible today. The first 

would be to test the absorbing suspension with an anti
rabbit globulin serum (if rabbit antigonococcal sera were 
being used). If 'the test were negative it woul d indicate 
that the absorbing suspension was no longer taking up 
antibodies from t he serum and absorption could be considered 
complete. 

A second approach well worth trying would be a prelim
inary absorption of the serum with sensitised cells to 
remove the blocking type specific antibody. Neither of 
these approaches, however, were available to Tulloch. 

Another ma jor criticism of Tulloch 1s work is the use of 
an insufficient number of antisera . The ideal would be to 
have a serum corresponding to each strain and perform complete 
cross absorptions. Tulloch went to the other extreme and used 
a single antiserum . Four more antisera were subsequently 
selected from the strains not fitting into his ma jor group, 
and used to group the remaining strains into four groups. 
Eight organisms finally remained unplaced. 

To summarise, Tulloch found seventy two strains to be 
similar. He was not able to place the remainder convincingly 
and the suggestion advanced is that it was due to inadequate 
absorption. The ma jor defect of his work is the use of 
insufficient antisera. 

Hermanies37,38 (1921) investigated eighty five strains, 
all rough, with an inadequate number of antisera , and per
formed single absorptions. Unlike Torrey and Buckell, and 
Tulloch, he claimed to have demonstrated six distinct groups. 

His grouping is entirely the result of the method 
employed. Thus his first serum was more or less absorbed 
out by forty one strains. These were then segregated as his 
first group. A second sermn was prepared from the remaining 
strains and the process repeated. The strains absorbing out 
this serum were group two. A third serum was prepared from 
one of the still unclassified strains, and strains absorbing 
out the third serum were group three. This was continued 
until no strains were left. 

At first sight it is difficult to reconcile the results 
obtained by Hermanies with those obtained by other workers, 
especially Torrey and Buckell, and Tulloch. Hermanies gives 
the results of absorptions only with what he has termed the 
"more decisive dilutions". It is probable therefore that if 



a fuller range of serum dilutions were quoted a greater 
amount of cross reaction \tmuld become apparent. 
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Even at the "more decisive dilutions 11 nineteen of his 
type one strains were still unable to absorb out a 1 in a 
1000 dilution of his type one antiserum. There was only a 
one tube difference (a titre of 400 and 800) between some 
of his type two strains and some type one and type four 
strains; and only a fourfold (two tube) difference separated 
a further seven type two strains from other groups. 

Two of his type two strains (77 and 78) were less 
effective in removing agglutinins from the type two antiserum 
than at least fourteen type one strains. Thus there is even 
from the limited data given in Hermanies' tables a considerable 
degree of overlap between his type one and type two. 

If a relationship between these two types is accepted 
then seventy eight of his eighty five strains fall into one 
related group leaving four groups containing three, two, 
one, and one strains respectively. Two of these also 
partially absorbed out a type two antiserum. 

Hermanies' results on analysis are not clear cut but 
show a gradation from a fairly uniform type one (including 
the Torrey strains) into a more heterogeneous type two 
(Hermanies described four subgroups) and type four. Inter
preted in this way it may be stated that he has failed to 
produce Rny evidence of serological grouping of his eighty 
five gonococcal strains, and this viewpoint is confirmed by 
his statement that if his type one antiserum were diluted 
1 in a 100 instead of 1 in a 1000 it was then not absorbed 
out by about half of his type one strains. 

It serves to indicate that strains cannot be accepted 
as identical unless they completely exhaust each others 
sera and anything less than that is a bad second best. Thus 
the picture recorded by Hermanies is in essentials similar 
to that recorded by Torrey and Buckell, namely a variable 
degree of cross reaction in absorption tests with most 
strains and no evidence of distinct types. The explanation 
of the variability in behaviour is that rough gonococcal 
strains were used. 

One of the more impressive papers employing the 
agglutinin absorption technique was that of Segawa43 (1932). 
Using thirty recently isolated strains and twenty two 
antisera he found a variability in absorption but no 



evidence of di stinct serological types. Unfortunately 
no details of technique , or of results ar e given in this 
paper. 
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Most of the papers in this field have been described 
in the pr evious section and they do not contribute to any 
degree to the solution of the problem, other than by the 
failure of their r esults to fit into a particular pa ttern. 

To summarise, the agglutinin absorption tests tha t have 
been performed on gonococcal strains have f a iled to reveal 
the presenc e of clear cut antigenic groupings. 

On the contrary, the diversity of results recorded, the 
variability and overlapping of the r esults of absorption 
tests, all tend to emphasise the essential similarity of 
all gonococcal strains when investigated by these methods, 
and that the reason for the variability in their behaviour 
should be looked for elsewhere than in the hypothesis that 
these differenc es represent distinct antigenic types. 

Indeed, the suggestion can reasonably be advanc ed that 
all strains of N.gonorrhoeae share a common group antigen 
active in agglutination and complement-fixation, o.nd for 
the evidence for this statement one need look no further 
than their complete cross reaction in direct agglutina tion 
tests, a cross r eaction most striking when only r ecently 
isolated strains are used as w~s done in this work, and a lso 
by Tulloch. It is to this comm on antigen that the t er m 
group antigen has been employed in this thesis. 

In stating that all gonococci shar e a common group 
antigen, it is not i mplied tha t this antigen is identical 
in all strains. This, though highly probable, is as yet, 
unprovent and would require extremely l aborious absorption 
tests berore a final ans wer was found. 

If any antigenic differenc es are found, however, their 
relationship will be rather thnt of SaL~onella par a typhi A 
(I,II,XII) to Sa l monella paratyphi A var.dura zzo (II,XII), 
or of Saloonella derby (I,IV,XII) to Sal Lonella bredeny 
(I,IV,V,XII), r ather than distinct ant igenic variants. As yet 1 
however, no evidence of such variants exist$ · 

. . . . . . . . . . . . . 



CHAP'l'ER XXVIII. 

SEROLOGICAL GROUPING OF GONOCOCCI BY A RED CELL 

SENSITISATION TECHNIQUE. 

Whereas the techniques of agglutination and agglutinin 
absorption are directed against a group antigen common to 
all gonococcal strains the antigen reacting in the 
gonococcal haemolysis test is a polysaccharide which is not 
detectable by agglutination, and which does not fix complement. 

The situation, therefore, is in many respects analogous 
to that present in the pneumococcus. All pneurnococci share 
a common somatic antigen and a differentiation into types 
is made on the basis of a surface polysaccharide of which 
over forty types have been recorded. However, whereas the 
polysaccharide in the pneumococcus is in the form of a wide 
zone so that identification can be conveniently performed by 
the Quellung reaction, such an approach was not possible 
with regard to the gonococcus, and the absorption test with 
polysaccharide sensitised cells was devised to serve a 
similar purpose. 

Absorptions with sensitised cells differ from absorptions 
with whole organisms, in that a particular antigen is 
absorbing out only its specific antibody. Provided, however, 
that the principle of such an absorption is accepted, there 
is no reason why the same significance cannot be attached to 
the results as to the results of absorption with whole 
organisms. That the principle is valid can be shown by the 
consistency with which the homologous antiserum is exhausted 
in such absorption tests. 

The technique of absorption with sensitised cells in 
practice has proved extremely satisfactory. Not only is the 
absorption rapid, but seven or more successive absorptions 
on the ·sar.-1 e serum can be carried out in a single day. 

The progress of the absorption can be easily followed, 
both by the falling titre of antibodies in the seruru, as well 
as by the extremely elegant method of testing the absorbing 
cells for combined antibody. It is thus a technique that 
enables an absorption to be readily carried out to its 
logical conclusion, namely to the state where the absorbing 
antigen has completely exhausted the serum being absorbed 



of the corresponding antibody. 
96. 

With cells sensitised with the gonococcal polysaccharide 
the testing of the absorbing cells mer ely required the 
addition of complement. With other systems, however, such as 
erythrocytes sensitised with the salmonella Vi antigen, 
haemolysis did not occur with regularity on the addition of 
complewent. An alternative technique was therefore adopted 
in Vi haemagglutination, namely the addition of an anti
globulin serum. 

The appropriate antiglobulin serum had to be used 
depending on whether the serum being tested was human, 
rabbit, or horse, and, since sheep cells were sensitised in 
the test, natural antibodies against these cells had to be 
removed by preliminary absorption of the Coombs serum 
with sheep cells. 

In carrying out the test the Vi sensitised cells which 
had taken part in the antigen-antibody reaction were washed 
three times in saline to remove all traces of uncombined 
globulin and the diluted antiglobulin serum added. A positive 
reaction was indicated, after incubation, by a strong 
agglutination pattern; a negative by the usual button of 
deposited cells. 

The use of an antiglobulin serum introduced a further 
complication, namely the presence of an "incomplete" 
heterophile antibody. To remove this antibody absorption of 
antisera, particularly human, with normal sheep cells had to 
be prolonged and often repeated, the control of the serum 
with a normal sheep cell suspension being also tested with a 
Coombs serum before being consider ed negative. The presence 
of this "incomplete" heterophile antibody could be demonstrated 
even more convincingly by performing a titration for hetero
phile antibodies with papain treated sheep cells. 

Of these two methods, the addition of complement, and 
the addition of an antiglobulin serum, the former is far 
simpleri and to be preferred where it can be used. It was 
routine y employed in gonococcal work. 

In attempting to apply these principles to the inves
tigation of N.gonorrhoeae, the preliminary work was restricted 
to eighteen strains. With each strain the pr eparation of 
the antigens was completed within two weeks of primary 
isolation, and animal inoculation was comm enced as soon as 
the strain was obtained in pure culture, i.e. within 48 to 
72 hours of primary isolation. A large range of cross 
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absorptions were performed, and the absorptions were 
continued until it was demonstrated that they were complete. 

Of these eighteen strains, fifteen were serologically 
identical and were grouped as type I. Three, although 
exhausting each others' sera in absorption tests, were unable 
to absorb out the type I antisera, and were grouped together 
as type II. · 

A larger series of strains were then investigated by 
performing absorption tests a gainst type I and type II 
antisera. In this way a total of sixty seven gonococcal 
strains were tested. Of these, fifty nine proved to be 
type I strains, and eight type II strains. 

One strain not included in this series partially removed 
the antibodies from type I and type II antisera, but was 
unable to exhaust either, and was provisionally termed a 
type III gonococcus. 

The Relationship of N.meningitidis. 

The present day status of meningococcal. typing by 
agglutination methods is much the same as that prevailing 
in relation to the gonococcus. There has been a tendency 
to distinguish between epidemic strains which appear 
homogeneous, and those responsible for sporadi~ cases which 
are said to be heterogeneous. Wilson and Milesb5 (1946) have 
summarised the position by stating that "no sharp line of 
demarcation can be drawn between different types of 
meningococci". 

It is probable that much of what has been already said 
in relation to the gonococcus is equally applicable to the 
meningococcus . 

Using smooth strains, and antisera prepared with 
smooth gonococcal strains, no cross reaction in an agglutin
ation test was demonstrated. It was concluded therefore, 
that the two organisms have different group antigens . Further 
differentiation into types may be made on the basis of a 
surface polysaccharide of which three have been identified 
in relationship to sixty eight gonococcal strains, and three 
similar if not identical polysaccharides in relationship to 
five meningococcal strains. 



The Serological Identification of the Gonococcus. 

This problem has only been partially answered. The 
polysaccharide antigens are also shared by the meningo
coccus so that the gonococcal haemolysis test will be of 
limited value. 

The variability of the agglutination test renders it 
unsatisfactory for routine work although this variability 
may be of less importance when only smooth strains and 
antisera prepared with smooth strains, are used. 

In practicei however, differentiation of the meningo
coccus offers ittle problem. Apart from fermentation 
reactions, the colonial appearances on chocolate agar 

98. 

are characteristic. The meningococcus appears as a large, 
shiny, mucoid, dome-shaped colony rather like a l arge 
coliform colony, as contrasted with the smaller more delicate 
gonococcus. 
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A Serological Investigation of Neisseria Gonorrhoeae Using 

a Red Cell Sensitisation Technique. 

SUMMARY 

Investigation of a series of recently isolated, smooth, 
strains of N. gonorrhoeae revealed the presence of two 
antigens. 

1. A surface polysaccharide which was type specific. 
2. A somatic group antigen. 

The polysaccharide fraction was obtained by alkaline 
solution and alcoholic precipitation and had the following 
features g 

l.It was heat stable, gave a positive molisch, and a 
negative biuret test. 

2.It could be extracted from recently isolated gonococcal 
strains, but was lost by these same strains after they 
had been on artificial media for a few months. 

3.The polysaccharide was unable to fix complement in the 
presence of a gonococcal antiserum. Its presence, 
however, could be detected by adsorption on to red 
blood cells. Cells sensitised in this manner reacted 
specifically with gonococcal antisera (gonococcal 
h a emolysis test). 

4.A gonococcal antiserum could be absorbed out with red 
cells sensitised with the gonococcal polysaccharide. 
A serum which was absorbed out in this manner was now 
negative in the gonococcal haemolysis test. ThE absorbed 
serum, however, showed no loss of activity whatsoever in 
an agglutination or complement-fixation test. 

It was concluded, therefore, that gonococcal antisera 
prepared with smooth strains have at least two demonstrable 
antibodies; the one active against the polysaccharide fraction 
in the gonococcal haemolysis test, and the other active in an 
agglutination and complement-fixation test against the 
somatic antigen. 

After a variable period on artificial media the gonococcus 
undergoes an S-R change with the loss of the polysaccharide 
antigen. 

. Using an absorption technique with red cells sensitised 
with the gonococcal polysaccharide sixty eight smooth gono
coccal strains were investigated, and three gonococcal types 
demonstrated. These types shared a common group antigen 
detectable by agglutination and complement-fixation. 

Five freshly isolated strains of N. meningitidis were 
investigated and found to possess similar, if not identical, 
type specific polysaccharides to the gonococcus. The two 
organisms differed in the possession of distinctive group 
antigens since there was no cross reaction in agglutination 
tests. 

The literature on the serology of the gonococcus is 
reviewed and the failure of other workers to obtain 
reproducable results was largely ascribed to the use of 
rough gonococcal strains. 
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