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One can summarise the phenomenon (of inflammation)

shortly, and to the point: a defense reaction of mesodermal

cells against a foreign invader. These cells must destroy

invading microbes that are ingested and broken down - and

consequently healing is brought about (Metchnikoff, 1905)*
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ABSTRACT

Epidemiological studies confirming the correlation between

particular ABO blood groups and susceptibility to both recurrent

urinary tract infection and infection with Neisseria gonorrhoeae

have been undertaken and reported here. Host-parasite

interactions that may be involved in the increased incidence

of blood group B individuals with gonorrhoea have been investigated

by examining gonococcal interaction with phagocytes of the four

ABO blood groups under various conditions.

The survey of recurrent urinary tract infection revealed that

women of blood groups B and AB who were non-seoretors of blood

group substances showed a significant relative risk of recurrent

urinary tract infection of 3.12 (95/^ confidence limits, 1.49 and

6.52) in comparison with other types. This appears to be a

genuine example of synergy in which absence of anti-B isohaemagglutinin

combined with non-secretion of blood group substances confers

an increased risk of recurrent urinary tract infection.

Determination of blood group and secretor status may provide

clinicians with additional information for the identification of

women who are at increased risk of recurrent urinary tract infection.

ABO blood group and secretor status were determined for

patients attending a sexually transmitted diseases clinic.

This survey revealed that among patients with gonorrhoea, 20.1^
i

were of blood group B, whereas among those without gonorrhoea

only 12^ were of blood group B. A higher percentage (20.9^)
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of patients with no anti-B isohaemagglutinin had gonorrhoea

compared with those without gonorrhoea (12.1^) and this

difference was statistically significant (X = 4-.94-7, p<0.05)»

Using the relative risk method of Woolf (1954/55) the relative

risk of gonococcal infection was calculated to be 1.93 for

individuals without anti-B isohaemagglutinin. This means that

with all other considerations equal, they are 93$ more susceptible

to gonorrhoea than persons with anti-B isohaemagglutinin. There

were no significant differences in secretor status for patients

with or without gonorrhoea nor between the total patients and

controls. In contrast to the recurrent urinary tract infection

survey, no synergy between the non-secretion of blood group

substances and the absence of anti-B isohaemagglutinin was found.

Further research was carried out to determine the underlying

host-parasite interactions responsible for the increased

susceptibility to gonorrhoea for individuals with no anti-B

isohaemagglutinins. Initial experiments indicated very different

patterns of association for pilate and non-pilate gonococci to

polymorphonuclear leukocytes (IMN) and monocytes. FMN bound

appreciably more gonococci than monocytes and, as others have

found, FMN did not differ in their binding of pilate and non-pilate

variants of the same strain. Human monocytes, like epithelial

cells, showed an increased ability to bind pilate rather than

non-pilate gonococci.

The presenoe of pili was shown to affect the stimulation

of the intercellular oxygen-dependent bactericidal activity of

FMN. Non-pilate gonooocci stimulated nitroblue tetraiolium
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reduction significantly more than pilate gonococci. This

lowered stimulation of the phagocytes by pilate gonococci suggests

a role for pili in virulence in addition to their ability to

increase gonococcal binding to epithelial cells#

The association of gonooocci to phagocytes of the four

different ABO blood groups was examined under a variety of

conditions. In the absence of serum no differences were noted

for the association of gonococci to FMN or monocytes of the

four blood groups at 4°C or 37°C. In these experiments, strains

of gonococci with different LPS structures showed differences in

their ability to bind to PMN; those gonococci with a "complex"

LPS bound to a greater proportion of RSN than those with a "simple"

LPS. Thus the expression of ABO antigens on PMN is not important

in binding of gonococci, whereas the strain of gonooocci appeared

to be the factor that had the greater influence.

Binding of gonococci to monocytes of the four ABO groups

in the presence of heat inactivated autologous serum (HIS)

gave a statistically significant pattern in which group B

monocytes bound more gonococci than A, 0 or AB monocytes. The

. importance of isohaemagglutinins in opsonisation of gonococci

for monocytes was demonstrated by a reduction in association

after the absorption of isohaemagglutinins. This increase

was not dependent on the gonococcal strain used and contrasted

with the equivalent experiment using PMN. This series of

experiments showed no significant pattern in binding of gonococci

for PMN of the four ABO groups in the presence of autologous HIS.
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The association of gonococci to phagocytes was examined

for the presenoe of 'lectin-like' receptors capable of binding

these bacteria. The data suggests such 'lectin-like• receptors

are present on PMN and monocytes but that there are quantitative

and qualitative differences in expression of these receptors.

These findings may have importance in investigation of the

interaction of gonococci with phagocytes.

The epidemiological studies have confirmed previous findings

linking blood groups with susceptibility to recurrent urinary

tract infection and gonorrhoea. The studies on host-parasite

interactions have extended the current information on the

pathogenesis of gonorrhoea by defining the role of certain

components of the gonococcal outer surface and isohaemagglutinins

in the interaction of the bacteria with the phagocytic cells of

the immune system.
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&5TTSRAL INTRODUCTION

During the last century the western developed, countries

have come to live in relative freedom from the fatal infections

of the past. This has come about through improvements in

nutrition and living conditions as well as the successful

recognition of etiological agents of disease and development

of specific therapy such as prevention by vaccines. Various

diseases including smallpox and typhoid fever, have been

controlled by measures such as correct diagnosis and treatment

of infections, full implementation of immunisation programmes,

alert epidemiological surveillance and rigorous environmental

sanitation. There are however still a number of infections

for which the agent has been isolated and disease effectively

treated but for which there is no effective control. Both

urinary tract infection (UTl) and gonorrhoea are infections

against which the host does not appear to develop a long term

protective immune response. Repeated attacks of gonorrhoea

are common (Watt and Heckels, 1982); one of Edinburgh's most

famous citizens, James Boswell, recorded approximately 30

separate infections in his famous diary (Boswell, 1980).
UTI infections commonly recur (Bergstrom et al., 1968) and it

has been difficult to identify the protective immune response

(Holmgren and Smith, 1975), or indeed to determine to what extent

the immune response is helpful (Angell et al.. 1978). For the
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successful induction of an immune response, microbial antigens

must first become established in the host tissues and these

antigens must survive the effects of phagocytic degredation and

must be presented to the cells of the immune system in an

appropriate form. This study examines some of the susceptibility

factors that have a bearing on the outcome of bacterial infection

in the non-immune host, with particular emphasis on the

interactions of bacteria and phagocytes.

Recent work in this department has identified leotin-sugar

mediated interactions between bacteria and membranes of epithelial,

and phagocytic cells, the evidence for which will be described

in a following section. In view of this work, the role of the

ubiquitous ABO blood group sugar-containing antigens in these

lectin-sugar interactions presents a fertile area for investigation.

The ABO blood groups have been linked with susceptibility to

infectious diseases, but the nature of their relationship to

the host parasite interactions that ocour in gonorrhoea and

DTI have not been extensively characterized. The ABO substances

are expressed on the membranes of many cells, including phagocytes

and mucosal epithelial cells. They are also found in water

soluble forms in the body fluids of many individuals.

The purposes of this introduction are twofold:

1) to draw together evidence from various sources that might

explain the association between ABO blood groups, secretion of
i

water soluble blood group antigens and susceptibility to

infectious disease; 2) to review relevant aspects of the
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genetics and biochemistry of the ABO system, and the biology

of N. gonorrhoeae as it relates to the pathogenicity of the

infection and interaction with the immune system.



BLOOD &ROUPS AND GSNITOUBJNARY DISEASE

CORRELATIONS
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The ABO blood groups, secretor genes and Lewis system

1. Tfre ABQ b^ggd gr^p?

The history of "blood groups "begins in 1900 with Landsteiner's

discovery of the ABO "blood group system (Landsteiner, 1900). A

fuller account of his work appeared in 1901, in which he

described how humans could be divided into 3 distinct groups

which he named A, B and C (Landsteiner, 1901). These groups

were to be subsequently oalled A, B and 0. The fourth, and

rarest, blood group AB, was discovered in the following year

by two of Landsteiner's collaborators (Decastello and Sturli,

1902), Landsteiner appreciated that only two antigens, A and B,

were required to explain the four groups, and further that a

person's serum will not contain antibodies against the antigens

present on his own red blood cells. The present nomenclature

ABO, originated in 1910 by Von Dungren and Hirschfeld, was

accepted as the standard international nomenclature by the

Hygiene Commission of the League of Nations in 1928 (Von Dungern

and Hirschfeld, 1911)«
Von Dungern and Hirschfeld (1910) discovered that blood

groups were inherited as Mendelian characters. This discovery

increased the biological interests in blood groups, and was one

of the earliest achievements in human genetics (Vogel and

Motulsky, 1982). Until then it had not been possible to show

that the fundamental genetical work of Mendel fully applied to

man. In fact, Bateson in his book on 'Mendel's Principles of

Hereditary' stated that apart from eye colour there was little

evidence as yet for Mendelian inheritance of normal characteristics
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in man (Bateson, 1909)o

The exact manner of ABO inheritance was elucidated by

Bernstein (1924), who proposed the 'Three Genes Theory*•

Von Dungern and Hirschfeld (1911) however, had discovered the

A^ and A2 subgroups of A, and therefore, Thomsen et al. (1930)
extended Bernstein's theory by proposing the four allele theory

of inheritance. Table I shows how this four allele theory

gives ten possible genotypes and six phenotypes©

GSJOTYFBS HiENOTYPSS

A
1

A
2

B B
B

B 0

AgB
0 0 0

Table I. The A^AgBO groups as defined by anti-A, anti-A^ and anti-B
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2. Secretor genes

After the discovery of the ABO blood groups in 1900 intense

interest was generated in this field. Despite many workers

applying their talents to this new research, it was not until

1924 that Schiff was able to demonstrate the presence of ABO

antigens in serum (Schiff, 1924). Two years later Yamakami

demonstrated A and B antigens in saliva (Yamakami, 1926).

Sohiff and Sasaki (1932) showed that the ability to secrete

the A, B or 0 antigens in saliva was controlled by a pair of

allelic genes, now generally called Se_ and £e (s£ is the amorph

or non-secretor allele). Friedenreich and Hartmann concluded

that two forms of the ABO antigens were present (Friedenreich

and Hartmann, 1938)* These forms were: (1) an alcohol soluble

form, present in all tissues (except the brain) and; (2) a

water soluble form not present in red cells or serum but present

in most of the body fluids and organs of secretors. The presence

of this water soluble form is determined by the secretor gene.

Although the secretor genes are not linked to the ABO genes,

the water soluble form is influenced by the secretor gene in

that secretors will have in their body fluids and saliva the

A, B or H(o) substances corresponding to their particular blood

group.

i

3* The Lewis system

Lewis has been called a system rather than a blood group

as the antigens involved are primarily located in the secretions

and plasma (&rubb, 1950) and are only secondarily absorbed on
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to red cells (Sneath and Sneath, 1955)* G-rubb in 1948 noticed

that individuals whose red cells were Le (a+) were non-secretors

of ABH substances, those with Le (a-b+) were secretors, and those

whose red cells were Le (a-b-) could be either secretors or non-

secretors (Table II).

Table II0 Lewis phenotypes and ABH secretion

Lewis phenotype ABH secretor status Lewis secretor status

Le (a+b-) All ABH nonsecretors All Le& secretors

Le (a-b+) All ABH secretors All Lea and Le^5 secretors

Le (a-b-) 80% ABH secretors Secrete precursor
20% ABH nonsecretors substance

Two further Lewis antigens have been discovered Lec (iseki

et al.. 1957) and Le^ (Potapov, 1970)* Despite the independent

inheritance of these genes subsequent work has revealed a

remarkable and complex set of interactions between the Lewis,

secretor, Hh and ABO genes. An excellent review of the blood

group substances and the genetic pathways involved in their

production is given by Watkins (1972).

4o Biochemistry of the A. B, H and Lewis substances

The biochemistry of ABH and Lewis substances is presented

together because of the intimate relationship of the genes

that produce them. ABH antigens expressed on cells are

glycolipids and those in secretions, glycoproteins. On the
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basis of molar ratios of component sugars (Hakomori and Strycharz,

1968), it is strongly suggested that the serologically active

components are the same in both the glycolipid and glycoprotein

substances (Watkins, 1972). The ABH and Lewis substances

from secretions have their specifioity in the carbohydrate

portion of a glycoprotein molecule with molecular weight of

about 300,000 (Issitt and Issitt, 1979). The ABH and Lewis

substances are composed of a common basic structure, speoificity

being due to the sugar residues at the terminal nonreducing

end of the molecule. The common basic glycoprotein structures

are termed precursor substances and two types have been identified.

These chains differ in the linkage of the terminal galactose

molecule to the subterminal N-acetyl glucosamine molecule:

GALNAc - N-acetyl-p-galactosamine
GNAc - N-acetyl-Q-glucosamine
GAL — D-galactose
FUC — L-fucose

SE
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H specificity results from the addition of a fucose

molecule to either type "1 or type 2 chains:

01,3

The presence of this fucose unit is necessary for the

production of A and B antigens. A antigen specificity results

from the addition of N-acetylgalactosamine to the terminal

galactose residue of H active type 1 or type 2 chains;

B specificity results from the addition of galactose rather

than N-acetylgalactosamine as for A:
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& b
Lewis substances La and Le are derived from Type 1

c cL
precursor chain and Le and Le from Type 2 precursor chains.

Le substance results from the addition of fucose to carbon k

of the subterminal N-acetylglucosamine in Type 1 precursor

chains. Le substance results from the addition of fucose

to carbon 3 of the subterminal N-acetylglucosamine unit of
b

the Type 2 precursor chain. Le specificity results when

both fucose residues are present on the Type 1 precursor chain
d

and Le when both fucose residues are present on the Type 2

precursor chain:
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Prom the preceding figures it can be seen that the basic

differences between the ABH and Lewis substances are small.

The presence of the fucose unit that confers specificity to

the precursor chains is thought to be necessary for the production

of antigens A and B. It is not known whether the fucose residue

is part of the A or B antigen structure or whether the presence

of fucose causes changes in conformational shape necessary in

forming the A or B antigen structure. The structure of the

sugars that confer A and B specificity are shown in Figure 1.

Figure 1. The immunodominant monosaccharides of A (N-acetyl-4)-
galactosamine) and B (D-galactose) substances.

The fact that these sugars differ only at the substituents

occupying carbon 2 is an excellent example of the esquisite

specificity of antigen antibody recognition.
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ABO, secretor status and susceptibility to disease

1• Blood groups and disease associations

1.1 Introduction

Hirschfeld and Hirschfeld (1919) first showed that different

peoples had variations in ABO blood-group frequencies. Mourant

et al. (1976) in their book 'The Distribution of the Human Blood

G-roups and other Polymorphisms', provided convincing data on the

tremendous variation in blood group frequencies around the world.

In Western Europe there are considerable numbers of populations

differing significantly in ABO frequencies. Although slight

trends among Rh and M* blood groups are seen on a continental

scale, these are very much less than for ABO blood groups0

'There can be no doubt, however, as to the uneveness of

distribution of the ABO blood groups as compared with MN and

Rh groups, and it is probable that this is due to a greater

susceptibility of the ABO phenotypes than the MN and Rh ones

to be selected with regard to varying environmental conditions'

(Mourant et al.. 1976)0

This hypothesis linking disease susceptibility and ABO

phenotype is not a new one. Within three decades of the

discovery of the ABO blood groups comprehensive lists of

correlations between blood groups and disease were being

compiled. Buchanan and Higley (1921) carried out extensive

studies, blood grouping a total of 2446 patients suffering from

a variety of diseases. They concluded that 'Nationality should

be taken into consideration in the presentation of statistical

studies of blood-grouping', and that 'There is no relationship

between blood groups and any disease in which sufficient data
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are available to justify a conclusion'• Their comment

regarding consideration of nationality followed Hirschfeld

and Hirschfeld's (1919) work on variations in blood groups

among peoples, and they used this to criticise Alexander's

work on blood-groups and malignancy (Alexander, 1921)• They

could find no correlation between blood groups and malignancy

and conmented that Alexander failed to consider nationality

in his series. In fairness to Alexander, he did state that

he had too few numbers of cases (50) to draw definite conclusions.

This point was taken up again much later by Mourant et al. (1970)

commenting on Buchanan and Higley's (1921) conclusions that

there was no relationship between blood groups and disease,

'With hindsight it is possible to realise that the numbers

tested were much too small to yield statistically significant

results, even for disease where we now know that associations

exist'o

1.2 Criticisms of blood grouo and disease correlations

Almost as soon as correlations between blood groups and

various characters appeared, criticism also appeared,. It is

interesting to note the examples reviewed by Prokop and Uhlenbruck

(1969) in 'Human Blood and Serum Groups'0 They cited, among

others, a paper published in 1927 which stated 'hangover' is more

pronounced in group A persons and that group B persons defaecate

the most. It became fashionable to correlate psychological

conditions and blood group. One of the best examples of this
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work is that of Furakawa (1930) who concluded, 'We have shown

that there seems to be a correlation between blood-type and

temperament. It should therefore be possible to determine

temperament scientifically without the subjective judgement

of different observers' • Unfortunately this problem still

exists; an article entitled 'Blood Groups and Personality Traits'

was published as recently as December 19&4 (Cattell et al,. 19&4)

and received strong criticism, Weiner (1970) criticised

much of the work on correlations between blood groups and

disease; when diseases are selected at random and without

clear rationale, in order to determine correlation with blood

group, the a priori probabilities of an association are extremely

remote. In Furakawa'b paper of 1930 the a priori probabilities

of the claimed associations between blood groups and temperament

were never mentioned, much less taken into account,

A recent article on ABO blood groups and socio-economic

classes is a good example of the difficulties that arise in

interpretation (Beardmore and Karimi-Booshehri, 1983)*

This study reveals a highly significant excess of group A

individuals in socio-economic classes 1 and 2 and group 0

individuals in classes III, IV and V, The authors suggest

a genetic rationale for these findings. They state that either

pleiotropic effects of the ABO genes themselves or linked genes,

for which the ABO genes may be markers, might be responsible

for this socio-economic association. These conclusions are

speculative and a relatively long-standing differentiation

within the population may be more important as a oause of this
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association. A further criticism of this study is the

absence of sound a priori reasons for an association of socio¬

economic classes and ABO blood groups. Although these studies

give a highly significant result it is statistically erroneous

to survey data in search of correlations with no prior

consideration of a rationale for an association (R.A. Elton,

personal communication; Weiner, 1970)o

Weiner (1970), excluded the association between blood

groups and particular infectious diseases from criticism on

lack of a priori probabilities, as many micro-organisms have

been shown to have A, B and H-like antigens present (Springer,

1966). For a comprehensive account of blood group and disease

relationships the reader is referred to the book 'Blood Groups

and Disease' (Mourant et al.. 1978)•

20 ABO blood groups and susceptibility to infectious diseases

2e1 Early work

The original studies in the field of blood groups and

infection were those of Pettenkofer and Bickerich (i960), who

injeoted killed cultures of Pasteurella pestis into rabbits.

They detected anti-H antibodies and postulated that the bacillus

oontained H antigen0 They stated because persons of group A,

B and AB possess little H antigen, it is possible to assume they

are more able to produce anti-H than 0 persons; and thus, group

0 might be disadvantageous as regards natural selection. In

i960 Vogel, Pettenkofer and Helmbold put forward a comprehensive
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hypothesis concerning the relationship between the great epidemics

and the diversity of the world distribution of the ABO blood

groupso This hypothesis was based on: historical records of

the distribution and severity of recorded epidemics of plague,

smallpox and cholera; previous discoveries of blood-group-like

antigens in bacteria; and the finding of H-like activity in

Pasteurella pesti3. and an A-like one in vaccinia virus

(Pettenkofer and Bickerich, i960). From their observations

they deduced that group 0 individuals would have a raised

susceptibility to plague, and group A persons to smallpox0

In 1962 Springer and Weiner published a severe criticism of

their work. The most important objections raised were:

Pettenkofer et al.'s lack of knowledge on the antigenic structure

of the strains involved in these epidemics; the finding by

Springer et al. (1961) of no significant blood group activity

in 3 Pasteurella pestis strains; and the erroneous statement

in Pettenkofer*s hypothesis regarding the ability of non-0

individuals to form anti-H antibodies and thus have selective

advantage against P. pestis. Each of these, and other criticisms

of Springer and Weiner (1962) were replied to by Pettenkofer

et al. (1962). On the criticism of anti-H production by non-0

individuals, they stated that certain non-0 persons had no

H-antigen and were thus able to produce anti-H; and these

individuals were involved in the selection mechanism. This

reply was unconvincing as the non-0 individuals capable of

producing anti-H are very rare (Levine et al.. 1955; Levine

et al.. 1961) and thus unlikely to have been important in
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selection processes.

The idea that the world distribution of blood groups

is due to selection associated with disease is still open

to investigation although it is difficult to substantiate due to

the lack of verifiable scientific information on historic

epidemics# Muschel (1966) has reviewed this topic in detail#

3° ABO blood groups and infection correlations

There is much evidence to suggest that there are correlations

between an individual's ABO blood group and susceptibility to

certain infectious diseases (Table III).

3.1 Enteric bacteria

In studies of a Chilean population it was found that persons

of blood group B had a 50% greater probability than non-B persons

of Escherichia coli urinary tract infections (Cruz-Coke et al#.

1965)0 Robinson et al0 (1971) investigating enteric infections

found that patients of groups B and AB were more susceptible

to enteric infection, especially with E# coli and Salmonella

species# These findings agreed with Socha et al, (1969) who

found children of blood group B had a 55% greater risk of

having infantile diarrhoea than non-B children.

3.2 Neisseria gonorrhoeae

In 1976 Foster and Labrum investigated the ABO blood groups

of 584 asymptomatic female carriers and found a high incidence
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of blood group B individuals among them0 Miler et al. (1977)

found that within a Caucasian population, group B persons

were more susceptible than non-B persons, but they could not

show the same susceptibility within a black population,

Johnson et al0 (1983) found no correlation with group B and

increased susceptibility to gonorrhoea in male Caucasians,

These findings suggest that the increased susceptibility to

gonorrhoea for group B individuals might only occur with females

and in well defined ethnic groups. Miler et al. (1977) studied

male and female gonorrhoea patients in their survey but made

no analysis of sex in their results,

3.3 Cholera

Barua and Paguio (1977) determined the ABO blood groups

of cholera patients and found an increased percentage of group 0

persons over controls. Chaudhuri and Das Adhikary (1978) also

found group 0 persons were significantly more susceptible to

cholera and further that non-secretors of blood group substances

were also more susceptible.

3.4 Viral infections

A higher incidence of influenza A£ virus infections among

group 0 individuals and a corresponding deficiency in group A

individuals has been observed (McDonald and Zuckerman, 1,962),

In the same study "the opposite trend was seen for adenovirus

infections, group A being more susceptible and group 0 being

less susceptible. Potter (19&9) also found that influenza A
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was more comnon in 0 persons, although more recent work "by-

Mackenzie and Fimmel (1978) found that group B individuals

were more susceptible. Possible reasons for the discrepancy

in these results could be that different strains of influenza

A were looked at0 Mackenzie and Fimmel (1978) were working

with influenza A (H3,N2) infections whereas the previous studies
were with influenza A (H2,N2), Mackenzie and Fimmel cited other

reports that expose the wide variation between blood groups

and susceptibility to influenza A infections. Their own

results suggested that genetic factors linked to ABO blood

groups are involved in this susceptibility, but that any

association must be indirect,

3,5 Miscellaneous infections

G-roup 0 and A£ individuals have been found to have a higher

incidence of periodontal disease, although in the same study

no differences were found between susceptibility of secretors

and non-secretors (Pradhan et al,. 1971), Susceptibility to

malaria has been correlated with blood group A (Gupta and

ChowcLhuri, 1980) and pulmonary tuberculosis with group 0 (Viskum,

1975).

Ao Secretor status and infection correlations

The inability to secrete the water soluble blood group

substances has been linked with the susceptibility to certain

infectious diseases as shown in Table IV, Chaudhuri and Das

Adhikaiy (1978) found that non-secretors were more susceptible
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Table III Correlations between ABO blood groups and infectious
agents/diseases

Infectious agent/disease Susceptible blood
group

Authors

E. coli (urinary) B Cruz-Coke et al», 19&5

E. coli (enteric) B Socha et al., 19&9

E. coli. Salmonella
(enteric)

N• gonorrhoeae

B+AB

B

Robinson et al,, 1971

Foster and Labrum, 1976
N, gonorrhoeae B Miler et al,, 1977

N. gonorrhoeae

Cholera

No correlation
found

0

Johnson et al,, 1983

Barua and Paguio, 1977
Cholera 0 Chaudhuri and Das

Adhikary, 1978
Influenza A^
Adenovirus

Influenza A

0

A

0

McDonald and Zuckerman,
1962
McDonald and Zuckerman,
1962
Potter, 1969

Influenza A B Mackenzie and Fimmel, 1978
Periodontal Disease 0+AB Pradhan et al,. 1971

Malaria A Gupta and Chowdhuri, 1980
M, tuberculosis
(pulmonary)

0 Viskum, 1975

Rheumatic fever and
rheumatic heart disease

ncn- 0 Haveikorn and Goslings,
1969 (16 pooled studies)

Table IV Correlations between aecretor status
agents/diseases

and infectious

Infectious agent/disease Susceptible group Authors

Cholera Non-seeretors Chaudhuri and Das Adhikary,
1978

Periodontal Disease

N, gonorrhoeae

Rheumatic fever

No correlation
found

No correlation
found

Non-secretors

Pradhan et al.. 1971

Johnson et al,. 1983

Glynn et al,. 1959
Rheumatic fever and
rheumatic heart disease

Carriage of Group A
streptococci

Non-secretors

Non-secretors

Haverkorn and Goslings,
1969 (9 pooled studies;
Haverkorn and Goslings,
1969
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to cholera0 Pradhan et al« (1970 found no correlation with

periodontal disease and secretor state. The relationship

between rheumatic fever and secretor status, first suggested

by Glynn et alo (195&)» probably the best documented example

of secretor status and disease correlation (Haverkorn and

Goslings, 1969)*
Haverkorn and Goslings (19^9) pooled a total of 16 studies

on relationships between ABO blood group and rheumatic fever

and concluded that persons of non-0 blood group were more

susceptible to rheumatic fever. In 8 of 9 studies of rheumatic

fever and secretor status they found that non-secretors were

more susceptible, Haverkorn and Gosling cultured the throats

of secretors and non-secretors and found an increased carriage

of group A streptococci among non-secretorso Their hypothesis

was that increase in carriage of group A streptococci among

non-secretors may account for the increased frequency of non-

secretors in rheumatic fever patients,

5, Common antigenic determinants between blood groups and bacteria

As with the H antigen detected in Pasteurella pestis and

the A antigen in vaccinia virus (Pettenkofer and Bickerich,

i960), many other micro-organisms have been shown to have blood

group like activity0 Springer et al. (1961), employing a

haemagglutination inhibition technique, demonstrated blood group

antigenic activity among many strains of Gram-negative bacteria.

They selected 282 Gram-negative bacteria from 12 different

genera and found blood group activity in half of them (Table V),
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High activity for group B and H substance was noted with no

bacteria having high A activityc Similarly, Drach et ale

(1971) found of 34 urinary tract pathogens with blood

group A and B activity, many with both group A and B activity

on the same strain of bacteria. Miler et al. ("1977) found

that gonococci were capable of absorbing anti-A and, to a

reduced degree anti-B, isohaemagglutinins. They suggested

that gonococci have group A and to a lesser extent group B

antigens on their surfaces0

Table V0 Distribution of blood-group activity among Gram-
negative bacteria (from Springer et al.. 1961).

Genus Strains
tested a1 b H(0) V a^h(o) bh(o) Inactive

Escherichia 135 8 18 22 6 3 3 4 71
Salmonella 19 1 2 9 0 0 1 0 6
Arizona 3 0 1 1 0 0 0 1 0
Klebsiella 42 2 6 4 3 1 1 5 20
Citrobacter 24 2 2 2 0 2 2 3 11
Pasteurella 8 0 1 0 0 0 0 2 5
Proteus 20 0 6 2 0 0 0 1 11
Pseudomonas 15 1 1 2 0 0 1 0 10
Serratia 2 0 0 2 0 0 0 0 0

Alcaligenes 8 0 0 0 0 0 1 1 6
Shigella 5 0 0 0 0 0 0 0 5
Herrellea 1 0 1 0 0 0 0 0 0

282 14 38 44 9 6 9 17 143

60 Aspects of ABO groups that might affect susceptibility to

infections ,

6.1 Direct action of isohaemagglutinin

The presence of blood group substances on bacteria provides

evidence for possible correlations between ABO blood group and
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bacterial infection. It might be predicted, that if the

bacteria possessed an antigen resembling that of blood group A,

then group A persons, being unable to make an anti-A antibody-

would be less protected than group 0 and B persons who already

have the anti-A antibody. The possible protective effects

of the isohaemagglutinins have been investigated. Muschel

and Osawa (1959) have shown anti-B to be bactericidal against

E. coli 086.

6.2 Isohaemagglutinin binding to bacteria

Check et al. (1972) found that anti-B was capable of

opsonising E. coli 086. Other effects of isohaemagglutinins,

such as interaction with blood group-like antigens on bacterial

cell walls, thus inhibiting attachment to mucosal cells, are

theoretically possible.

6.3 Effect of ABO antigens in attachment

Boat et al. (1978) found that water soluble ABO antigens

inhibited hemagglutination of influenza B virus and suggested

that some of these substances may interfere with access of

influenza virus to binding sites. One of the protective roles

of these blood group substances may be their ability to occupy

or in some way interfere with binding sites either on the

bacterium or on the epithelial cell, preventing attachment of

the bacteria,, The ABO antigens on epithelial cells, as in the

case of P antigens in pyelonephritis urinary tract infection

(Kallenius et al.. 1981), may be involved in binding of bacterial

adhesins.
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Epidemiological studies of genitourinary tract infections

1e Clinical and epidemiological aspects of urinary tract infections

101 General

Urinary tract infections (UTl) represent a common group of

diseases characterised by significant bacteriuria. Aerobic

Gram-negative bacilli cause the majority of UTI, but occasionally

other micro-organisms such as staphylococci or enterococci are

involved. E, coli is the predominant pathogen accounting for

80-90% of primary non-obstructive UTI (Holmgren and Smith, 1975) •

The symptoms and severity of the acute disease vary markedly

and UTI may be divided into pyelonephritis patients, and patients

with uncomplicated UTI. Uncomplicated UTI includes asymptomatic

bacteriuria patients and those patients with dysuria, frequency

and significant bacteriuria (cystitis). Pyelonephritis is an

ascending infection of the urinary tract which affects the

kidneys and is characterised by pyrexia, rigors, loin pain,

frequency, dysuria and significant bacteriuria0

1.2 C omplications

The risk of renal damage from UTI is considerable,) Winberg

et al. (1974) in a study of UTI in children, monitored patients

from their first known infection and noted a reduction in parenchyma

in 15% of boys and 4.5% of girls. This reduction in renal

parenchyma may result in renal insufficiency and hypertension.
i

1.3 Epidemiology

Urinary tract infection is probably one of the most common

nonepidemic bacterial infections. It is estimated that 10 to 20%
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of women, with otherwise normal urinary tracts, will have at

least one urinary tract infection during their lifetime and

many will have repeated infections (Santoro and Kaye, 1978)o

Recurrences of UTI are common, Bergstrom et al, (1968) noted

a recurrence rate of 30^ for children, and for those with

recurrences, 6C$ go on to have further infections©

In school screening programmes the prevalence of significant

bacteriuria is around 1^c in girls, and about of all girls

will have had at least one symptomatic infection before the

age of 10 years (Winberg et al,, 1974)# In males UTI is less

coanon (women outnumber men in the ratio of 30:1) but a high

frequency is found during the first years of life (Winberg

et al.. 1974-) • UTI is generally a disease of young women

with the probability of UTI increasing as they become sexually

active and begin to bear children. Several factors may give

an increased risk of UTI and these include vesicoureteric

reflux and incomplete bladder emptying.

The prevalence of UTI, as noted above, with the significant

risk of renal damage makes it an important cause of morbidity

whilst the majority of UTI are undramatic, a large population

nevertheless suffers from recurrent UTI and this makes

considerable demands on medical resources. Recurrences are

high and complications involving renal parenchymal reduction

(particularly in children) can be severe,. Thus, studies

examining underlying mechanisms of resistance or susceptibility

may be of value in recognising *at risk' populations.
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20 Clinical and epidemiological aspects of gonorrhoea

2.1 General

Gonorrhoea, an infection generally of the mucosal surfaces

of the genito-urinary tract with the bacterium Neisseria gonorrhoeae,

is transmitted mainly by sexual intercourse. Infection, in 90$
of males, is characterised by a purulent urethral discharge

4-10 days after contact and by dysuria and frequency of

micturition; also in males the infection may spread to the

epididymis and prost®Ltec In women the urethra and cervix

are commonly infected, and in 25-50$ of cases, the rectal mucosa

may also be involved. In contrast to males, gonorrhoea in

females is largely asymptomatic, and lack of treatment predisposes

to complicationso Pregnant women with gonorrhoea can transmit

eye infections to their infants during birth. Although eye

infections are rare in adults, pharyngeal colonisation occurs

occasionally (3-11$) in gonorrhoea patients of both sexes

(Noble et al«. 1979)• Homosexual men may also contract rectal

infections.

2.2 Complications

In most oases gonorrhoea is uncomplicated and is a

relatively innocent disease of the accesible membranes. However,

in about 10$ of women the infection may spread from the cervix

to the endometrium and fallopian tubes (salpingitis). Further,

in some 2 to 13$ of women, genital gonorrhoea may give rise to

pelvic inflammation (Falk, 19^5) which may result in infertility

(Westrom, 1980). Systemic spread of gonorrhoea, disseminated
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gonococcal infection (DGl), appears to occur in up to Jfo of

infected patients (Knapp and Holmes, 1975)« DGI nay give

rise to such manifestations as arthritis, endocarditis and

skin lesionso

2.3 Epidemiology

Gonorrhoea is a disease with world-wide distribution.

In the United States each year, approximately 2.6 million

infections occur. (Today's VD Control Problem, 1975)o Tbe

incidence of the disease in England and Wales fell after the

Second World War when there was a peak of 47,3^3 cases in

1946, to a trough of 17,53& cases reported in 1954, The

incidence began to rise in the late 1950's, and the figures for

1980 show 54,433 cases of gonorrhoea reported in that year

(Extract from the Annual Report of the Chief Medical Officer

of the Department of Health and Social Security 1981, 1983)*

Gonorrhoea is mainly a disease of young adults in the 15-24

year age group (WHO, 1978). Previously the incidence for

males was greater than that for females but now this ratio

is tending towards unity.

3o Aims of the epidemiological studies

The foregoing sections indicate the likelihood of associations

of blood group with UTI and gonorrhoea. Secretor status, although

implicated in various infections, has not been considered in

susceptibility to UTI or gonorrhoea - thus these studies set

out to confirm associations of blood group with UTI and
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gonorrhoea and to determine any associations with secretor

statuso The aims of the epidemiological studies were:

1o To determine if the distribution of ABO blood groups

among women with recurrent UTI differed from that of

the general population.

20 To determine if secretor status influenced susceptibility

to recurrent UTI in women.

3. To determine if ABO blood group influenced susceptibility

to gonococcal infection.

4. To determine if secretor status influenced susceptibility

to gonorrhoea.

5. If there were correlations of incidence of UTI and

gonorrhoea with blood group and/or secretor status,
to propose and test hypotheses that would e:xplain why

these factors influence susceptibility0



HOST-BftJtASITE INTERACTIONS

<
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Attachment in host-parasite interactions

1o General introduction

Although "bacteria can enter the host directly at sites of

trauma, attachment of the bacteria to host surfaces is generally

a prerequisite for infection to occur (Smith, 1977)*
Attachment to host oells can be viewed in two ways: as a

virulence attribute for micro-organisms assisting their

colonisation and invasion; or as an important initial step

in phagocytosis and killing of microbes* In some circumstances,

however, micro-organisms can resist phagocytic digestion and

this step is to the advantage of the micro-organism (Veale et al*.

1977} Smith, 1976; Novotny et al,* 1977)® Thus attachment

can be both beneficial and harmful for micro-organisms0

20 Contact and adherence in colonisation and invasion

The attachment process may be a passive adsorption of the

microbe to the cell surface or an active process in which the

motile organism actively moves towards its target site. Both

host and bacterial cell surfaces have anionic charge densities.

Van der Waal's forces, salt bridging and surface tension may

help to overcome these mutual charge repulsion effects0 In

addition both the host and parasite can exhibit cell surface

properties that help to reduce the effect of these electrostatic

forceSo
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201 Microbial factors

Bacterial characteristics that help to overcome the repulsion

of like charges include specialised structures such as pili,

capsules and surface arrays. For example, the carbohydrate-

rich coat of lactobacilli may alter the surface charge

attributes and so aid the adherence to chicken crop epithelium

(Brooker and Fuller, "1975) • Surface structures of bacteria

such as the pili of gonococci, or fimbriae of E. coli are cell

extensions that may be of great importance in attachment.

Cell extensions overcome the repulsive forces between bodies.

This repulsion is directly related to the radius; as the radius

becomes smaller so the energy barrier between the objects is

reducedo Pili or fimbriae are ideal for this purpose. Their

tips have extremely small radii that allow the bacterium to

approach the host surface closely enough for hydrogen or ionic

bonds to form. Once contact is made with the host cell,

various consequences may ensue: the initial weak contact

may be lost due to shearing; further appendages may attach;

or the probability of surface to surface contact may be

increased due to the proximity of the two cell membranes, and

in this way strong adhesion may occur0 A further consideration

is that in surface to surface interactions of physical bodies,

electrostatic forces are relatively long range, and as the

surfaces come closer, the shorter range attractive forces

between bodies come into play (Watt and Heckels, 1982). Such

interactions between micro-organism and host surface are essential
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for strong adherence to occur,, Neisseria gonorrhoeae would

appear to he capable of firm attachment as they can withstand

the fluid flows of micturition (Ward and Watt, 1972), and

commensal Neisseria remain attached despite pharyngeal washing

action (Weistraich and Baker, 1971)*

2,2 Host factors

Particular host cells may have receptors or extracellular

products for binding specific bacteria (Gibbons and van Houte,

1971) that are also capable of aiding the adhesion phenomena,

Fibronectin isolated from fibroblasts has been shown to actively

attach to Staphylococcus aureus (Kuusela, 1978), Many of

these interactions are very specific. The interaction between

the glycosphingolipid of the P blood group and F-fimbriae of

pyelonephritic strains of E, coli is a particularly good example

(Leffler and Svanborg-Eden, 1980; Kallenius et al.. 1981),
This glycosphingolipid, with a specific galactosyl-galactose

structure, is part of the P blood group antigens0 Among E, coli

strains isolated from the urinary tract of acute pyelonephritis

patients 91$ had P blood group-specific adhesions (P-fimbriae)

(Kallenius et al,, 1981)<, The P blood group antigens have

been proposed a3 receptors for the P-fimbriae of the pyelonephritis-

associated B0 coli. Only individuals of the rare blood group p
C

(1 in 10 ) have cell membrane glycolipids devoid of this receptor.

These receptors are present on many cell -types including red blood

cells and urinary tract epithelium,,

P-fimbriae can be considered to be a virulence marker and
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their detection on E. coli strains may be a useful indicator

of pyelonephritis in patients with bacteriuriac It has also

been suggested that persistence of E» coli with P-fimbriae in

the faecal and periurethral flora might be an indication for

long-term prophylaxis (KSllenius et al., 1981).

Individuals with the P-blood group antigens form the

majority of the population and screening patients for their

P-blood group, to determine risk groups, would be of little

clinical importance. This contrasts with the associations

of ABO blood group with infections whereby individuals are

considered to be more susceptible to an infection if they

belong to a particular blood group0 Examination of ABO

antigens for similar roles in bacterial adhesion is needed0

Contact and adherence of micro-organisms to host cell

surfaces is a complex event with many different physical

and chemical forces involvedc Specific surface properties

of both micro-organism and host cell must be considered in the

analysis of these interactions, and one of the recurring

criticisms of a number of studies on attachment of N. gonorrhoeae

to epithelial surfaces is that the buccal or HeLa cells used

are not target cells for the gonococcuso

3o Contact and adherence with phagocytes

Once the microbe has breached the mucosal barrier, the

phagocytic cells provide & second line of defence, enhancing

the elimination of the invading pathogen by phagocytosis and

intracellular killingo
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Macrophages, in addition, have an important role in

presentation of antigen to lymphocytes® For this to occur

the bacterium or its antigens have to adhere to the macrophage.

Reduction or prevention of such binding may interfere with

the induction of the immune response against a micro-organism0

Macrophages and neutrophils are both capable of chemotajds,

directed migration towards sites of infection and are part

of the inflammatory response. Many chemotactic factors

for PMN and macrophages have been described (Gallin, 1980),

most being chemotactic for both cells, but some have a

preferential effect on one cell type or another. Staphylococci

and streptococci attract more neutrophils than monocytes, the

opposite being true for typhoid and tubercle bacillie Bacterial

products themselves can be chemotactic and some, such as the

LPS of Gram-negative bacteria, activate complement and so

generate other chemotactic factors0 Gonococci are also capable

of budding off LPS (Stead et al.. 1975) which may further enhance

chemotaxis.

Once the phagocyte has migrated towards the bacterium adherence

may occur with subsequent phagocytosis. Both monocytes and

neutrophils have receptors for the Fc fragment of immunoglobulin

and for conplement conponents (Allison, 1982). These receptors

can function as recognition sites on phagocytic cells and

mediate the binding of bacteria coated with antibody and/or
i

complement. Certain bacteria can also activate the alternative

complement pathway and so can adhere via complement receptors,

in the absence of antibody (jasin, 1972)o
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In the non-immune host, in the absence of antibody and

without activation of complement, binding of bacteria to

phagocytes can still occur. The mechanisms whereby such

interactions take place are largely unclear and physicochemical

interactions such as charge effects and hydrophobic binding

have been proposed (Wilkinson, 1976)®

In the last few years lectin-like receptors on phagocytic

cells have been described,, These recognise bacterial cell

wall sugars and are responsible for adherence of bacteria

to the phagocyte membrane (Ogmundsdottir and Weir, 197&;

Freimer et al., 1978; Ogmundsdottir et al.. 1978; Glass et al..

1981; Weir, 1980)o These receptors may be important in the

pathogenesis of bacterial infections and discussion of gonococcal

interaction with phagocytes will be covered in the next section.
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Neisseria gonorrhoeae

1o Introduction

Gonorrhoea is the model chosen to investigate the recognition

of genito-urinary pathogens "by phagocytic cells and the possible

role of ABO blood groups in binding interactions. Neisseria

gonorrhoeae is a small kidney-shaped Gram-negative diplococcus,

with the long axes parallel and the opposed surfaces slightly

concave. In addition Neisseria species are recognised by

their ability to oxidise dimethyl-, or tetramethyl-paraphenylene

diamine (oxidase reagent)0 The gonococcus cannot be distinguished

from other Neisseria by the oxidase test or microscopy; sugar

utilisation tests are required to distinguish one species from

another (Table VI).

•

Table 71 Sugar utilisation of Neisseria species

Species Glucose Kaltose Fructose Sucrose Lactose

N. gonorrhoeae

N. meningitidis

N. lactarnica

N. subflava

N. flava

N. perflava

N. sicca

' N. pharyngis

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

1.1 Colonial characteristics

G-onococci grown on solid medium give rise to a variety of

different colony forms. Kellogg et al. (19^3) described four
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frequently observed colony types, naming them T1 to TAe They

observed that only certain colony types were virulent when

inoculated into the urethra of male volunteers and that T1

colonies predominate in primary cultures from clinical material.

Additional colony types have been recognised, T5 (Jephcott and

Reyn, 1971) and (Chan and Wiseman, 1975)• Chan and Wiseman

(1975), investigating the virulence of these colony types in
1

the chick embryo found , T2 and to be virulent whereas Ty
and are essentially the avirulent laboratory associated

1
typeso Daily selective subculture of and colonies

is required if these colonies are to be maintained in vitro

as non-selective subculture leads to the emergence of T^,
. and colonies0

Swanson (1978a)noted that each of these colony types may

represent a combination of several phenotypic characteristics,

including pilation, degree of pilation, colour and opacity0

All of these phenotypic characteristics may have relevance

in virulence, particularly colony opacity and pilation (Swanson,

1980)o Although the majority of gonococci isolated from males

or females give or T2 colonies (Sparling and Yobs, 1967)»
variations in degree of pilation and colonial opacity occur

particularly among women at different stages of their menstrual

cycle (Swanson, 1980)0
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2„ The gonococcal cell envelope

Figure 2 Schematic diagram of* the gonococcal outer surface
(from Watt and Heckels, 1982)

2,1 General oomments

The gonococcal cell envelope (Figure 2) conforms to the

general characteristics of a Gram-negative cell: outer membrane

structure, peptidoglycan layer and an inner cytoplasmic membrane

(Swanson et al,« 1971)• Components of the gonococcal cell

envelope will be discussed with regard to their importance

in host parasite interactions0
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2.2 Pili - structure

Non-flagellar protein appendages were termed 'fimbriae' by

Duguid et al. (1955) but Brinton (19^5) suggested that 'pili'

should replace this term. Although fimbriae was the first

designation given to these appendages, workers studying gonococci

use the term pili, and to avoid confusion this term will be used

here.

Pili are filamentous protein appendages which extend several

microns from the surface of gonococci. Swanson et al. (1971)

observed that virulent colonial types of gonococci were pilate

whereas non-virulent colonial, types were not. Following this

observation attention was focused on pili as a virulence factor.

Earlier, Kellogg et al. (19^3) had shown that type 1 colonies

were virulent, producing infection in volunteers. Type 4, the

non-pilate gonococci, were unable to produce infection0 Similar

results were obtained with chinpanzees (Brown et al., 1972) and

in the chick embryo model (Buchanan and Gotschlich, 1973)*
The association of pilation with adhesion and increased

virulence has promoted considerable interest in the structure

and immunochemistry of pili. Gonococcal pili have been analysed

by several workers. They consist of a repeating polymeric array

of a single pilin protein subunit of molecular weight between

17,000 and 21,030 daltons depending on the individual strain

(Buchanan ^d Pearce, 197&)o
i

Pili from different strains are similar in overall amino

acid composition and have a high proportion of hydrophobic amino
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acids (Robertson et al., 1977 ; Heraodsen et al.. 1973) .

Robertson et al. (1977) detected additional pilus components

including phosphate groups, galactose and trace amounts of glucose.

Despite some structural homogeneity, pili can show considerable

antigenic heterogeneity between strains (Buchanan, 1978) and

within strains (Lambden et al.. 1980 and Lambden et al.. 1981).

Antigenic intra-strain variation was found among the pili from

opaque and transparent colonies of a number of strains (Salit

et al.. 1980). Further variation has been noted during the

course of natural gonorrhoea infections (Watt and Heckels, 1982)

and these observations suggest a role for pilus variation in the

pathogenesis of gonorrhoea. The apparent ability of gonococci

to modify their immunodominant regions and create unique antigenic

types is important in considering the development of anti-pilus

vaccine in prevention of gonorrhoea.

Lambden et al. (1980) have shown two distinct types of pili

from isogenic variants of strain P9. These pili, termed alpha

and beta, are from transparent and intermediate/opaque colony

types respectively. They differ not only in the molecular

weight of their subunits, alpha having subunits of 19,500 and

beta of 20,500 Daltons, but also in their attachment to buccal

epithelial cells.

2.3 The attachment role of pili in virulence

The importance of attachment in colonisation and infection

was described earlier, as was the mutual repulsion of electrostatic

forces between negatively charged bacteria and host cells. An
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explanation of the association of pili with virulence and adherence

is offered by Heckels et al. (1976)# Experiments using gonococci

which have "been chemically modified to alter their surfaoe charge

suggest that one role of pili in adhesion is to overcome the

repulsive electrostatic barrier existing between gonococci and

the host cell surface. Initial attachment by pili would increase

the probability of a close approach and favour attachment since

attractive forces act over shorter range than the repulsive forces.

Stable adhesion would then occur by direct interactions of the

two surfaces. These interactions would presumably occur at a

lower frequency in non-pilate gonococci,

Pilate gonococci have been found to adhere more efficiently

to certain human tissues than non-pilate organisms; epithelial

cells (Punsalang and Sawyer, 1973)» sperm cells (James-Holmquest

et al,. 1974), erythrocytes (Punsalang and Sawyer, 1973), vaginal

epithelial cells (Mardh and We3trom, 1976), fallopian tube

epithelium (Ward et al,. 1974), and tissue culture cells - human

amnion (Swanson, 1973) and HeLa (Swanson et al.. 1975)*

Punsalang and Sawyer (1973) preincubated pili with the

following simple sugars; B-gluoose, maltose, B-mannitol, dulcitol,

B-sorbitol, raffinose, saccharose, lactose, B-fruetose, B-galactose,

B-mannose and inulin. They were unable to demonstrate any

inhibition of pili binding to rabbit erythrocytes. The

specificity of the pilus-eell interaction has also been investigated

by comparing the binding of pilate and non-pilate variants to

buccal epithelial cells. Attachment was unaffected by the presence

of the simple sugars, lactose,melibiose, mannose,eC-methyl mannoside,
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galactose, o<-methyl galactoside, ^-methyl galactoside, fucose,

N-acetylglucosamine and N-acetylgalactosamine (Trust et al., 1980)0
Attachment of pilate gonococci, however, was reduced to the lower

level of non-pilate gonococci by the action of the following

mixture of glycosidases on the host cell membrane: <X- and £-N-

acetylhexosaminidase, o<- and ^-mannosidase, oc- and ^-glucosidase,
oc- and ^-galactosidase, -L-fucosidase and -xylosida.se.

They suggested that an oligosaccharide on the surface of the

host cell may function as a pilus receptor.

Buchanan et al0 (1978) came to a similar conclusion from
125

binding studies of I-labelled purified pili to a range of human

cell types. Attachment to buccal cells was inhibited by gangliosides

suggesting that an oligosaccharide structurally related to the

ganglioside was present in a surface glycolipid or glycoprotein>

acting as a pilus receptor. This may be similar to the glyco-

sphingolipid associated with the adhesion of pyelonephritic

E. coli to erythrocytes and uroepithelial cells described

previously (Leffler and Svanborg-Eden, 1980)o

Host and bacterial factors involved in the binding of

gonococci vary during the course of a natural infection. The

gonococci are found in different anatomical locations in contact

with different epithelial cell types and there are variations

in their environment such as pH and fluid flows. James and

Swanson (1978) found that pilate gonococci varied in their ability

to attach to vaginal epithelial cells depending on the course

of the menstrual cycle0
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As described previously, there is also great variation

in the pili themselves; intra-strain variation in pili can

result in differences in binding to buccal cells (Lambden et al,.

1980; Lambden et al., 1981), Alpha pili bound optimally at

pH 6,5 and beta pili at the more acidic pH of 4.5« In general

alpha bound better than beta. Alpha also differed from beta

pili in that the removal of sialic acid residues from buccal

cell surface carbohydrates by neuraminidase markedly reduced

alpha pili binding but had no effect on beta-pili binding.

Further treatment of the neuraminidase - modified cells by

a mixture of exoglycosidases, removing sugar residues, reduced

the level of alpha binding to that of the beta pili. It was

suggested that alpha pili bind to buccal cells through a

specific receptor involving sialic acid and other unspecified

sugar residues whereas beta pili are unable to recognise such

receptors (Lambden et al,. 1980), Heckels (1982) has shown,

in adhesion studies, that 4 different pilus types from strain

P9, have specificities that vary with cell type0 He has also

shown that pilus type may differ within the same strain depending

on the environment, for example, cervix and urethra of females

and the urethra of a male partner. These facts suggest that

during their growth in vivo, gonococci are capable of varying

their structural make-up, with effects on their affinity for

various target cells.

Properties of pili that are not associated with adhesion,

but may be involved in virulence have been described, for example

in their interaction with phagocytes. Whilst no difference
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has been observed between binding of pilate and non-pilate

gonococci to polymorphonuclear leukocytes (FKN) (Swanson et al..

1974; Swanson et al.. 1975), pili do appear to slow down

ingestion of gonococci (Thomas et al.. 1973) and pilate

gonococci may be more resistant to phagocytosis than non-pilate

variants (Dilworth et al.. 1975; Blake and Swanson, 1975)*
Densen and Mandell (1978) suggested that pilate gonococci

adhering to FMN have pili radiating across the FMN surfaoe

which may disrupt membrane motility and thus interfere with

phagocytosis,

Pilate gonococci may be more capable of binding iron than

non-pilate gonococci (Payne and Pinkelston, 1975)* This may

enhance the virulence of pilate gonococci in the in vivo

situation as iron in vitro enhances growth (Kellogg et al.. 19^3)

and competition with the host for iron is held to be em important

factor in establishment of many bacterial infections (Weinberg,

1974).

Lastly, pili may be involved in exchange of genetic materieil

between gonocoooi. It has been found that pilate gonococci are

highly efficient in the uptake of transforming DNA (Sparling
et al.. 1980). During the course of the natural infection,

transformation may play an important role in the rapid exchange

of genetic information between strains.

2.4' Outer membrane proteins

Analysis of the gonococcal outer membrane has shown that,

like other Gram-negative bacteria, it contains lipopolysaccharide
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and relatively few proteins. The outer membrane protein profile

of gonococci varies considerably even within a single strain.

The major proteins present, however, can be classified into

three major types: I, II and III,

Protein I, formerly called the major or principal outer

membrane protein (Swanson and Heckels, 1980), comprises 5Of" of
the total protein in the outer membrane (Sanastrcm et al,, 1982b),
is present in all gonococcal phenotypes and has a subunit molecular

weight between 32,OCX) and 40,000 depending on the strain0

Protein I probably exists as a trimer (Newhall et al,. I98O)

spanning the outer membrane, linked to the underlying peptidoglycan

(Heckels, 1979) and extending onto the surface0 The structure

of the Protein I trimer suggests its function is structural in

maintaining a hydrophilic diffusion pore analagous to the

transmembrane proteins of E, coli allowing access into the

cell of essential nutrients (Heckels and James, 1980), Douglas

et al. (1981) have, to a large extent, confirmed this hypothesis.

One or more types of Protein II can be found in gonococci

from opaque colonies and have molecular weights varying from

24,000 to 30,000 (Swanson, 1978k). Proteins I and II are both
125

readily labelled by I and lacto-peroxidase, indicating their

presence on the gonococcal surface (Heckels, 1978 and Swanson,

1978b)t This contrasts with protein III, which is poorly

labelled (Heckels, 1978) suggesting it is largely absent from

the cell surfaceo Protein III has a molecular weight of 3^,000

and is probably found in close association with protein I,

perhaps replacing one unit in a protein I trimer (Swanson, 1981),
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In colonial variants of the same strain, protein II can vary-

to such an extent that less than 5^ shared antigenicity can

be detected when antisera raised against one type of protein

II is reacted with other protein II species (Diaz and Heckels,

1982), Protein III cross reactivity between strains is

considerable, suggesting it would not be of value in serological

typing (Swanson, 1981).

Serological classification systems based primarily on

protein antigens have been developed (Johnston et al0. 1976;

Wang et al.« 1977; Buchanan and Hildebrandt, 1981; Sandstrom

and Danielsson, 1980). Protein I, stable within a strain, is

the principal protein involved in these typing systems0

These protein I serotypes would appear to have clinical

significanceo Sandstrdm and Danielsson (1980) have developed

a W-antigen serological classification which divides gonococci

into two major (WI and WIl) and one minor (Will) serogroup by

coagglutination (CQA). These serogroups correlate with different

clinical syndromes. WI serogroup has been correlated with

disseminated gonococcal infection (DG-l) and resistance to the

bactericidal action of normal human serum; WII and Will sero¬

groups have been correlated with resistance to antimicrobial

agents; and Will serogroup is uniformly sensitive to the

bactericidal action of normal human serum (SandstrSm et al.„ 1982a).

Buchanan and Hildebrandt (1981), vising purified protein I have
i

defined nine different serotypes, and it would appear that

different clinical syndromes such as salpingitis, may be associated
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with particular protein I serotypes (Buchanan et al.t 1980)c

These various protein I "based typing schemes overlape The

CQA reagents, however, detect the more common antigenic

determinants and other serotyping schemes can detect subsets

within the COA serogroups (Sandstrom et al., 1982a) e

2.5 The role of outer membrane proteins in adhesion to

epithelial cells

Lambden et alo (1979) have shown that opaque variants with

various protein II profiles show enhanced binding to buccal

cells over the transparent variants without protein II0

Heckels and James (1980) confirmed this finding and further

found that trypsin treatment reduced protein II binding to that

of the non-protein II or transparent variants. No decrease in

binding occurred within trypsin treated transparent variants that

had protein I but no protein II. This suggested that protein I

does not play a significant role in adhesion to buccal cells.

Buccal cells are not the natural target cell for gonococci and

although these data demonstrate the importance of protein H

species in attachment of opaque colony forms to buccal cells,

this adhesion model is obviously not ideal. James et al. (1980)

have shown that with different tissue culture lines - two HeLa

and one human embryonic lung fibroblast line - transparent variants

can attach more than opaque variants.

An explanation for the isolation of transparent colonies

from salpingitis cases is offered by Draper et al. (1980) who
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found an increased adhesion of transparent variants over opaque

to human fallopian tubes. Lambden et ale (1979) have shown

that specificity in attachment occurs not only between opaque

and transparent forms, but also between gonococci with different

protein II species in the same strain. Further differences in

attachment to buccal and tissue culture cells for gonococci

with different protein II species have been demonstrated

(Heckels, 1982). This differential adhesion to different

cell types suggests that variations in outer membrane protein

structure may play an important part in gonococcal colonisation

of different surfaces in the natural infection.

2,6 The role of outer membrane proteins in attachment

to phagocytes

King and Swanson (1978) have isolated a protein of 28,000

or 29,000 Daltons, (depending on the strain) which mediates the

attachment of gonococci to PUT. Antisera raised against this

protein inhibits binding of the bacteria to PMS. King and

Swanson have termed this protein leukocyte association protein

(LAP) and find abundant quantities on some gonococci (LA+) and

much smaller quantities on other gonococci (LA-). LA+ and LA-

designations are independent of colonial opacity or degree of

pilation. LAP binding may be mediated by a sugar moiety as

periodate treatment of gonococci markedly reduced association.
i

King and Swanson (1978) were unable to block gonococcal binding

to PMN with the single sugars mannose, galactose, fucose and

xylose but paradoxically found that pretreatment of LA+ GC with
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periodate markedly reduced the association with PUN. They

concluded that the contribution of sugars in LAP and other

components of the "bacterial outer surface to interaction "between

PUN sued gonococci is unclear. Heckel3 (1982) found variations

in attachment to leukocytes that depend on differences in protein

II species of the gonococci. This suggests that variations

in protein II can influence attachment to phagocytic cells

as well a3 epithelial cells.

2.7 Lipo-oolysaccharide

Lip©polysaccharide (LPS) is located on the outermost aspect

of the G-ram-negative cell envelope (Shands, 19^5) (Figure 2)0

The detailed structure of gonococcal lipopolysaccharide (LFS)

has not yet been elucidated, but two types of LPS, rough (R.)

and smooth (S) are possible. These are diagramatically

represented below:

S-type
LPS

O-POLTSAC CHAT?TOE
CCBE

OLIGOSACCHARIDE
LIPID A

O-POLYSACCHARTDE CORE
OLIGOSACCHARIDE

LIPID A

©

R-type
LPS

CORE
OLIGOSACCHARIDE LIPID A

CORE
OLIGOSACCHARIDE LIPID A r
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Contradictory reports have appeared on the ability of gonococci

to produce rough or smooth LPS. Stead et alc (1975) suggested

an R-type LPS structure for gonococci with lipid A attached

through 2-keto-3-8eoxyoctulosonic acid (KDO) to an oligosaccharide

containing glucose, galactose, glucosamine and heptose. Perry

et al. (1975) confirmed this, although they found pilate gonococci

had additional O-polysaccharides containing sugars such as

galactosamine, rhamnose, xylose or fucose depending on the

strain examined. Wiseman and Caird (1977) reported analyses

that suggested smooth type LPS for all colony types of gonococci,

but that rhamnose was only present in non-pilate variants.

However, Perry (1978) reported that S-type LPS could only be

detected in minor amounts. Since it has been shown that LPS

can be affected by factors such as environmental conditions

(McDonald and Adams, 1971)» it is possible that these differences

were due to variations in media and cultural conditions.

Watt and Heckels (1982) state that from their own and other

unpublished observations, gonococci grown under usual conditions

(unspecified) have largely, if not entirely, LPS of the R-type

with a short oligosaccharide linked to lipid A.

Immunochemical evidence suggests that LPS from different

strains have a large degree of structural homology (Wallace et al..

1978)o

Differences in LPS structure, presumably due to differences

in sugar linkages in the oligosaccharide, have been detected by

ELISA and immunodiffusion techniques, and used as a serotyping

scheme (Apicella and G-agliardi, 1979)* Th® receptor site for
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the rod type (2,-type) pyocins of P3eudomona3 aeruginosa has

"been shown to be in the LPS of Pseudomonas (Govan, 197A; Koval

and Meadows, 1977)o A similar location has been found for these

R-type pyocins in gonococci (Sadoff et al.» "197S) • Kageyama (1975)
proposed pyocin receptor sites for his groups R1-R5 in the LPS

of Pseudomonas. and these are depicted diagraaatieally below:

The 'R' numbers correspond to sites thought to be essential for

attachment of each group of pyocins; mutants lacking the

receptor for R3 were resistant to these pyocins but still had

RA, B.2, E.1 and R5 receptor sites, and were sensitive to those

pyocin groupso Gonococci were found to be sensitive to pyocins

of groups R1 and R5, suggesting that there may be similarities

in the 'deeper' portions of the LPS of Pseudomonas and Neisseria.

Gonococcal strains have been classified into two broad groups:

group I strains, that were sensitive to Kageyama group R5 pyocins

and group II strains, that were sensitive to groups R5 and- R1.

The LPS of group I strains was termed 'simple* and the LPS of

group H strains ' complex'• The major application of the pyoein

typing system has been to define these two groups that interact

very differently with the immune system (Blackwell et al., 1979?

Winatanley et al.. 1983)«
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2.8 Biological role of lipopolysaccharide

G-onococcal LPS possesses endotoxic activity and gonococci

can bud off outer membrane containing LPS (Stead et al0. 1975)o

LPS released from gonococci can be lethal to ciliated cells of

the human fallopian tube (Melly et alc. 1981). Thus LPS may

contribute to virulence and anti-LFS antibodies have been shown

to be protective in embryonated eggs, from hens which were pre-

immunised with LPS (Diena et al.. 1978).

Antibodies directed against LPS are bactericidal for gonococci

and are more effective in killing than antibodies raised against

purified outer membrane proteins or pili (Ward et al.. 1978).

The bactericidal effect of normal human serum is largely due to

the presence of antibodies cross-reactive with LPS (Rice and Kasper,
♦

1977)* Gonococci.that are not sensitive to the bactericidal

effect of normal human serum lack the LPS antigen to which the

lytic antibody is directed (Schneider et al.. 1981)o Further

in vitro evidence for this has been reported by Winstanley et al..

(1983), who examined gonococcal strains that differed in their

LPS components. Gonococci were classified, as described previously,

into two broad groups: group I and group II0 Group H strains,

those with a complex LPS, were found to be serum sensitive and

group I strains, those with a simple LPS, were resistant. This

suggests that the bactericidal effect of normal human serum (NHS)

for strains of N. gonorrhoeae is mediated by antibodies directed

against an LPS component only present in gonococci of group H.

Group I strains are resistant to NIB which may be due to the

absence of the more distal LPS component(s) associated with

group II strainso
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Frasch (1980) suggested that LPS is the specific outer

membrane component involved in agglutination of gonococci by

wheat germ agglutinin (specific for N-acetyl-glucosamine)c

Watt et al. (1978) suggested that the terminal sugar groups

on gonococcal LPS might be involved in attachment to receptors

present on host cell surfaces. They tested their hypothesis

by preparing liposomes with the immunpdeterminants of the LPS

expressed at the surface and carried out binding assays with

HEp-2 cellso Non-specific binding of liposomes occurred at

high concentrations. At very low concentrations of liposomes,

however, they found enhanced binding, compatible with specific

binding to receptors that are present in only small numbers.

Thus these terminal LPS sugar groups would seem to be capable

of binding to specific receptors on the surface of the epithelial

cellSo This adhesive role for sugar groups on the gonococcal

surface was further supported by the abolition of binding to

HEp-2 cells and 50^ reduction in binding to buccal cells after

chemical disruption of the gonococcal surface sugars® This

data suggests that sugar residues on the gonococcus may be

involved in attachment and that these residues could be the

terminal LPS sugar groupsc Sugar residues may however be

associated with other gonococcal surface components but the

detailed structure of the major proteins has yet to be resolved

with respect to their carbohydrate contento

2®9 Capsule

Gonococcal capsular-like material has been described for
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organisms grown in a variety of special conditions (Hendley

et al.. 1977; James and Swanson, 1977; Richardson and Sadoff,

1977; Demarco de Hormaeche et al.. 1978). More recent

observations suggest that this capsule may be an artefact

(Melly et al«, 1979)* Demarco de Hormaeche et al. (1983)

compared "encapsulated" and "non-encapsulated" variants and

found only the encapsulated variant could produce infection

in chambers subcutaneously implanted in mice. These encapsulated

and non-encapsulated variants also differed in their serum

sensitivities and antigenic composition,, It appears that there

is some controversy about the existence of a gonococcal capsule,

and until capsular material is isolated and characterised, its

significance in gonorrhoea cannot be properly assessed,

3. The pathogenesis of gonorrhoea

Having described the major components of the gonococcal

outer membrane and their possible roles in virulence, it is

now necessary to consider the pathogenesis of gonorrhoea,

3„1 Attachment of gonooocci to mucosal surfaces

Transmission of gonococcal infection requires close physical

contact allowing gonococci to pass from one infected mucosal

surface to another. This is probably because gonococci are

susceptible to drying and do not readily survive outside the

human body, Gonorrhoea is usually transmitted during intimate

sexual contact. Exceptions to this are gonococcal conjunctivitis

and oro-gastric infeotion, either or both of which can be passed
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on to babies born to mothers with genital gonorrhoea (Handsfield

et al,. 1973)* The most common sites of infection are the

genital mucosa, but the rectal and pharyngeal mucosa can also

be involved following ano-genital and oro-genital contact

respectively#

Onoe deposited on a mucosal surface, gonococci establish

themselves rapidly# This is suggested by the observation that

micturition after exposure is not protective (Holmes et al#. 1970)*

The mechanisms by which gonooocci attach to and invade epithelial

cells is unknown, but it is likely to involve both gonococcal

and epithelial surface structures# As described previously,

gonococcal binding may be affected by pili, surface proteins

and the terminal sugar residues of LPS attaching to receptors

on the mucosal epithelial cell# Whether any one of these

gonococcal components is solely involved in binding is uncertain#

There are likely to be differences in the relative importance

of each, in infection of different host sites. It is interesting

to note that non-pilate gonococci are common in specimens of

pus from patients (Novotny etjal., 1975} Evans, 1977)*
Furthermore, non-pilate gonococci can attach to and invade

epithelial cells (Taylor-Robinson et al#. 1974) suggesting that

pili are not essential for attachment and invasion# It is more

likely that the particular host environment may determine the

predominant binding mechanisms involved, and it is possible

that two or more specific mechanisms may be involved in sequenoe#

G-cnocoeci attach to organ cultures of human genital mucosa
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but not to non-human cells, suggesting that gonococcal receptors

are only found on human cells (Taylor-Robinson et al.. 1974;

Johnson et al,. 1977)• This finding may explain why man is

the only known natural host for the gonococcus.

3.2 Invasion

Once established on a mucosal surface, gonococci penetrate

the epithelial layer and multiply in the subepithelial tissue

(Harkness, 1948). Electron microscopy of urethral scrapings

has shown gonococci attaching and entering urethral epithelial

cells, apparently by endocytosis (Ward and Watt, 1972). This

endocytosis by epithelial cells differs from invasion by other

bacteria such as salmonellae, which enter the intestinal cell

by erosion of the brush border. It is not clear whether

gonococci can also invade by a similar mechanism as gonococcal

LPS can cause tissue damage (Mardh et al.. 1979> Gregg et til..

1981).

4. Interaction of gonooocci with host defence mechanisms

4.1 Non-specific defence mechanisms - phagocytic cells

Once gonooooci have penetrated into the sub-mucosa, the

initial response consists of an inflammatory reaction with large

numbers of FMN infiltrating the site of infection. What initiates

the inflammatory response is as yet unclear, but FMN may be

attracted by gonococcal oytotoxins (James and Williams, 1978)
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or by activation of complement (Ward et al.. 1978). As

described previously, the surface protein 'leucocyte association

factor' (IAP) (King and Swanson, 1978) has been reported as the

major factor involved in association of gonococci to FMN.

However, its influence on the severity of the disease is unknown.

Other surface components that may exert an antiphagocytic role

include pili (Dilworth et al.. 1975; Ofek et al.. 1974;

Thomas et al., 1973) and a material whose expression is affected

by EDTA that may be LPS (Rosenthal et al.. 1977). Polymorphs

degraaulate normally into vacuoles containing gonococci and

damaged gonooocci can be visualised in older vacuoles (WHO, 1978).

Some polymorphs containing large numbers of gonococci are themselves

damaged by the infection, releasing viable gonococci. Veale

and Smith (1975) suggested that gonococci can multiply in healthy

polymorphs. Also, a recent study suggested that viable gonococci

produce a cytotoxin that lyses PMN (Casey et al.. 1983).

Electron microscopic studies of gonorrhoea! exudate

apparently show that gonococci can survive and grow within

phagocytic leukocytes (Novotny et al., 1975). The leukocytes

die and the resulting clusters of gonococci surrounded by the

remnants of dead leukocytes have been termed 'infectious units'

(Novotny et al.. 1977). Novotny et al. (1977) have suggested

that gonococci in 'infectious units', that is surrounded by

leukocyte remnants, may be protected from humoral and cellular

immunity. These infectious units have an affinity for epithelial

cells and the gonococci multiply utilising the host cell remnants,
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then damage the epithelial cells and infiltrate the submucosa,,

Free gonococci are phagocytosed. There is evidence based on

electron microscopic histology that suggests the host cell

remnants are macrophage derived. Novotny's hypothesis

suggests that if gonococci are phagocytosed by PUN they are

killed but, if phagocytosed by macrophages, they interfere in

some way with the internal regulation of the macrophage and multiply.

These multiplying gonococci become surrounded by remnants of the

killed macrophage forming an 'infectious unit' capable of infecting

more epithelial cells. When gonorrhoea is transmitted, presumably

infectious units and free gonococci are passed on and begin the

'infectious unit* cycle in the new host. This hypothesis implies

that it i3 advantageous to the gonococcus to be phagocytosed by

macrophages and detrimental if phagocytosed by FMT.

GONOCOCCAL
INFECTION

BY

FREE NON-MULTT-^ MULTIPLYING GC
PLYING GONOCOCCI IN INFECTIOUS UNITS

Figure 3 Summary of gonococcal infectious process
(modified from Novotny at al.. 1977 and Casey et al.. 1983)
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4.2 Disseminated gonococcal infection

In 1 to 3 per cent of patients, gonococci may spread

haematogenously from the primary infection site giving

disseminated gonococcal infection (DGl) (Barr and Danielsson,

1971) which may result in endocarditis, arthritis and skin lesions.

Patients deficient in the terminal components of complement are

particularly at risk of DGI (Peterson et al», 1976; Lee et al».

1978), suggesting that complement's "bactericidal effect is a

major factor in preventing haematogenous spread of gonococci.

The bactericidal activity of serum is dependent on activation

of the classical complement pathway, typically initiated by

antigen-antibody reactions (Ingwer et_al., 1978), In general

most gonococcal strains isolated from DGI are resistant to the

complement-dependent bactericidal activity of normal human serum,

whereas gonococci from uncomplicated gonorrhoea are very

sensitive (Schoolnik et al,, 1976). Also the majority of

gonococci isolated from DGI are very sensitive to penicillin,

belong to the auxotype Arg", Hyx", Ura~, and are resistant to

the bactericidal activity of normal human serum (Knapp and

Holmes, 1975; Eisenstein et al.. 1977)*
This 'natural' bactericidal activity of normal human serum

is associated with the IgM class of immunoglobulins (Schoolnik

et al.. 1979; Michael and Rosen, 1963) and appears to be

directed towards LPS (Glynn and Ward, 1970; Rice and Kasper,

1977) and possibly outer membrane proteins (Tramont et al». 1974)*

Schneider et al. (1982) investigated the imnunological basis
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of serum resistance in certain strains of Neisseria gonorrhoeae.

They found that serum resistance was not due to intrinsic

resistance to activated complement, inaccessibility of the cell

membrane to C5b, or IgA or IgG- 'blocking' antibody0 They

concluded that serum resistance resulted from the absence of

specific LPS determinants to which the lytic antibody of normal

human sera is directed. As previously described, Winstanley

et al. (1985) grouped gonococcal strains into two broad categories

(group I and group II) according to their sensitivities to R-type

pyocins. They found that group I were serum resistant and

group II were serum sensitive. This would imply that group II

should be restricted to localised infection whereas group I would

predominate in DG-I. Analysis of data from a previous study

(Blackwell et al.. 1979) revealed that 13«6$ of isolates from

localised infections were of group I and 86.l+fo group IIC In

contrast 1+1.6% of isolates from DG-I were group I and 58.3^

group IIo Thus there was an increased percentage of group I

strains in localised infections than in DGI. G-roup II organisms

have been isolated from DG-I indicating that LPS type does not

seem to be the sole factor in the serum resistance of a disseminated

strain.

As previously described, the coaggLutination serogroup WI

has been correlated with DG-I and resistance to the bactericidal

effect of normal human serum. This suggestion that DGI and

serum resistance are associated with particular protein I types

was first put forward by Hildebrandt et al. (1978)o They

postulated that this protein may in some way mask the LPS surface
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antigens and prevent their recognition by bactericidal antibodies

in human serum. Clearly correlation of protein I type (by

coagglutination for exaaple) and the LPS (by pyocin sensitivity),

is required for strains exhibiting serum resistance and involved

in DG-Io

James and Swanson (1978) reported that gonococci from

opaque colonies are serum sensitive whereas those from transparent

colonies are relatively resistant. Transparent colonies are

isolated from the cervix around the time of menstruation (James

and Swanson, 1978) which is when DGI in females is most likely

to occur (Holmes et al., 1970®

4»3 Specific immune responses

Cohen (1967) has shown by indirect fluorescence tests that

both normal sera and sera from patients with gonorrhoea contain

Ig£» and IgA classes of anti-gonococcal immunoglobulins.

McMillan et al. (1979a) examined urethral exudates from patients

with gonorrhoea and found gonococcal antibodies of the IgA class

to be present in 98%, IgG in 90% and IgM in 49%» In a similar

study of anti-gonococcal antibodies in cervical secretions

of infected female patients, a comparable distribution of

immunoglobulin classes was found (McMillan et al.. 1979b).

The development of a specific cell-mediated immune response

to gonorrhoea has been demonstrated by the blastogenic response
i

of lymphocytes in patients with gonorrhoea after exposure to

gonococcal antigens (Kearns et al.. 1973h)»
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Although specific immune responses are found following

infection the organism appears to evade the host response in

a number of ways and patients may suffer repeated attacksc

One explanation may be the wide antigenic heterogeneity of the

components of the gonococcal outer membrane surface noted

previously. Thus the possibility exists that an individual

once infected with a particular gonococcal strain may be

resistant to reinfection with the homologous strain but not

to gonococci with different antigenic profiles0 Buchanan

et alo (1930) found that an episode of gonococcal salpingitis

may provide immunity to a further episode of salpingitis with

the same protein I serotype but does not prevent reinfection

at other sites. Thus it is feasible that immune responses

may provide a site specific and serotype-specific protection

against gonococcal salpingitis.

In males gonorrhoea is, with prompt treatment, generally

of short duration as the incubation period is short and onset

of symptoms fast. This limits the exposure of gonococcal

antigens to the host's immune system0 In females, many

infections are asymptomatic, allowing more time for antigenic

stimulation before treatment0 Novotny's 'infectious unit'

hypothesis suggests protection of the gonococci from host defence

mechanisms by the physical covering of gonococci with host

derived substances (Novotny et al.. 1977)«

Another factor to consider in terms of susceptibility to

gonococcal reinfection is the ability of gonococci to produce a

proteolytic enzyme capable of cleaving antibodies of the IgA 1



62

subclass at the hinge region (Plaut et al.. 1975). This enzyme

has no effect however against the IgG- and IgM also found in

genital secretions (McMillan et al.. 1979a and McMillan et al..

"1979b), and therefore its significance is unclear0 It has

been suggested that secretory IgA, which appears early in

gonococcal infections, might act by coating or agglutinating

gonococci, thus limiting their replication or preventing attachment

and invasion of mucosal surfaces (Kearns et al.. 1973&5 O'Reilly

et al.. 1976)o

In conclusion, it appears that because of the limitation

of human studies, no clear understanding has yet emerged of the

extent and significance in protection of the anti-gonococcal

immune responsec
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ABO blood group and susceptibility to gonorrhoea - the hypotheses

Anti-gonococcal antibodies of classes IgG-, IgK and IgA

have been found both in individuals with no history of gonorrhoea

(natural antibodies) and in patients with gonorrhoea (induced

antibodies) (Cohen, 1967)0 As described previously, IgM is

the natural antibody associated with normal serum bactericidal

activity (ingwer et al.. 1978). Miler et al0 (1977) found

that anti-A and anti-B isohaemagglutinins induced by gonococcal

infection are predominately of the IgM class, as are isohaemagglutinins

of normal sera. They also found that gonococci are capable

of absorbing both anti-A and anti-B isohaemagglutinins suggesting

the presence of A- and B-like antigens on gonococci. Two

hypotheses have been suggested to explain the increased susceptibility

of group B individuals to gonorrhoea -

1) as with E» coli 086 (Muschel and Osawa, 1959)* anti-B is

bactericidal for particular strains of gonococci,

2) as with E. coli 086 (Check et al.. 1972), anti-B is capable

of opsonising particular strains of gonococci0

The first hypothesis, that differences in susceptibility

to gonorrhoea might be associated with the bactericidal effect

of anti-B isohaemagglutinins present in individuals of blood

groups A and 0, has been tested. Winstanley et al. (1983)

examined normal human serum for bactericidal activity against

gonococci from individuals of blood groups A and Bo They

concluded that the bactericidal activity of normal human serum

was not associated with anti-A or anti-B isohaemagglutinins0

There is evidence for the second hypothesis from a number
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of sources. Natural IgG ha3 "been ascribed the role of heat-stable

opsonin involved in phagocytosis of gonococci by FMN (Schiller

et al.» 1979)« They also found that IgG—mediated phagocytosis

could be enhanced in the presence of complement, although

complement itself was not capable of promoting phagocytosis.

Haegart (1979) demonstrated the presence of IgM receptors on

human peripheral monocytes, suggesting that IgM antibodies

could be involved in opsonisation0 I$! or IgG is required

for the heat-labile opsonic activity of the alternative

complement pathway (Jasin, 1972). Foster and Labrum (1976)

suggested that the anti-B isohaemagglutinin might be a more

efficient opsonin than the anti-A isohaemagglutinin.

In addition to differences in isohaemagglutinins, individuals

of the four ABO blood groups have different antigens expressed

on their cells.- These differences are summarised diagramatically

below:

0 individual A individual

H antigen
.—-v/" ^ antigens

( Cell J £r
anti-A, anti- B anti-B

B individual AB individual

/ antigens

[CMJ-CB
/ v-C A antigens

(^>B
anti-A
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These are stable host characters that are not significantly-

altered by environmental factors such as the hormones of the

menstrual cycle. All tissues colonised b3r gonococci have the

ABH antigens present (Miler et al.. 1977)> as have leukocytes.

The structure and important biological roles of pili and LPS

have been described previously. The pyocin sensitivities

that reflect composition of LPS groups I and II have been

shown to be stable over a long period (Blackwell et al.. 197S)•

Pilation of gonococci is consistent with colony morphology which

is readily checked by viewing colonies and verified by electron-

microscopy. These characteristics of the gonococci were examined

in their interaction with leukocytes of different ABO groups

under various conditions0

Interaction between gonococci and PMN or monocytes may

be mediated by lectins present either on the bacterium or the

leukocyte. These lectins, or sugar-binding proteins, can be

demonstrated by inhibition of binding reactions after preincubation

of cells or bacteria with sugars. Various workers have attempted

to demonstrate lectins of gonococci involved in binding to host

cells, as described in the sections on the gonococcal outer

surface. Punsalang and Sawyer (1973) using eleven simple sugars,

were unable to inhibit the binding of pili to rabbit erythrocytes.

Trust et al. (1980) were also unable to inhibit attachment of

gonococci to buccal cells with ten simple sugars. They did

however find evidence to suggest that an oligosaccharide on the

surface of the epithelial oell may act as a pilus receptor.

Buchanan et al. (1978) came to a similar conclusion as did Lambden
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et al. (1980)o King and Swanson (1978) were unable to block

gonococcal binding to PliN with four simple sugars but found

that pretreatment of specific gonococci with perioaate which

disrupts sugar moieties reduced the binding of gonococci to

PMN. They concluded that in gonococcal binding to PMN the

importance of sugars on proteins and other components of the

gonococcal outer surface is unclear. Watt et alc (1978)

investigated the possibility that gonococcal surface lectins

may bind to sugar groups of human fallopian tube cells0 They

found no inhibition of binding using lectins specific for the

following sugars; N-acetyl-galactosamine, galactose, fucose

(incidentally the immunodominant sugars of blood group substances

A, B and H) and N-acetyl-glucosamine, Watt et al, (1978)

however, presented evidence suggesting that sugar groups of

gonococcal LFS can bind to HEp-2 cells. This evidence has

been described earlier in the section on LPS, Watt et al.

concluded that sugars on the gonococcal surface are likely to

be involved in attachment to mucosal cells but that appropriate

inhibition experiments were required.

Aims of the studies on host-parasite interaction

These studies were carried out to examine the host-parasite

interactions that might underly the reported increase in susceptibility

of blood group B individuals to gonorrhoea, ABH antigens on

leukocytes might be part of a mechanism similar to that reported

for P blood group antigens and P-fimbriate E, coli. Because

of the different roles suggested for PMN and monocytes/macrophages
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in gonococcal infection, these host cells were investigated

to determine if there were differences in their interaction

with gonococci.

The aims of the host-parasite studies were:

1o To examine the non-immune, possibly lectin-mediated

interactions, and binding characteristics of pilate and

non-pilate gonococci of LPS groups I and II to FMN,

monocytes and macrophages«

2. to determine the role, if any, of ABH antigens in this

binding.

3. to determine if the isohaemagglutinins in nonnal human

serum were capable of opsonising gonococci of group I

and group II as assessed by attachment to PMN and monocytes;

and if so, were there differences in attachment to phagocytes

of the four ABO blood groups in the presence of autologous

sera.

4o to determine if pilation or LPS group influenced the

stimulation of intracellular bactericidal activity in

phagocytes as determined by the nitroblue tetrazolium

(KBT) reaction.



SUBJECTS. MATERIALS AND METHODS

4
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Subjeots

1 • Subjects for recurrent urinary tract infection (Pn) survey

At the pyelonephritis clinic of the City Hospital, Edinburgh,

regular attenders were asked to provide a specimen of blood and

saliva for determination of blood group and secretor status.

All patients in this survey were females aged 10-80 (mean A9)

years. None had predisposing factors such as obstructions

or stones.

The patients were divided prospectively into two categories:

a) Pyelonephritis patients

(i) Those with unequivocal radiological evidence of

ohronic pyelonephritis, that is, focal loss of

parenchyma associated with distortion of calyces,

or,

(ii) those with a history and clinical and laboratory

findings consistent with acute pyelonephritis.

b) Uncomplicated PTI patients

Those patients with normal intravenous pyelograms, but

a history of recurrent UTI and the detection of significant

bacteriuria (10 organisms/ml).

2. Subjects for sexually transmitted diseases (S.TjO survey

During a three-month period all new patients attending

the department of genitourinary medicine at the Royal Infirmary,

Edinburgh, were asked to provide a specimen of blood and saliva

for determination of blood group and secretor status.
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3o Control populations

ABO blood group and secretor status control data were

produced by testing 334 plasma samples of female donors from

the survey area, age-ranges 18-60, for the presence of secretor

substances. Further control data for blood group frequency

were available for 6662 donors from the same area as that

from which our patients were drawn (Kopec, 1970),

Materials

1, Buffers and reagents

All chemicals were analytical grade obtained from BDH

Chemicals Ltd,, Poole, Dorset unless otherwise statedo

1,1 Phosphate buffered saline (PBS)

PBS pH 7.2, 10n^ phosphate buffer, containing 0,15 MHa CI,

1 02 Dulbeoco's phosphate buffered saline (modified) (D.PBS)

This was prepared by dissolving 8,0g NaCl, 0,2g KC1, 1,08g

NagHPO^, 0.2g KHgPO^, 0.089g CaCl2.2H20 and 0.203g Mg312.6H20
up to 1 litre with distilled water (pH 7.3).

1o3 HEPES buffer

HEPES buffer was prepared by dissolving 23.83g of HEPES

buffer (Flow Laboratories, Irvine, Scotland, UK) in approximately

90ml distilled water. Sufficient 5N NaOH (about 5 «l) was
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added to adjust the pH to 7.6 - 7.7 and "the final solution

was adjusted to 100 ml with distilled water. This gave a

one molar solution.

1 ,4 Eagle's minimum essential medium (MEM)

Eagle's MEM was prepared by mixing 10 ml to 10 times

concentrated Eagle's MEM (Flow Laboratories, Irvine, Scotland,

UK), 3 ml 1M HEFES buffer, 1 ml of 0.2M glutamine and 0o1 ml

of penicillin and streptomycin (200,000 U.ml ) and adjusting

the volume to 1 litre with distilled water (pH 7*3)o

1.5 RPMI

RPMI 1640 (Flow Laboratories, Irvine, Scotland, UK) was

supplemented with 0,2 ml of penicillin and streptomycin (200,000

U.ml ) and 10 mis of foetal calf serum, per 100 ml (pH 7*2),

106 Lysis buffer

This was prepared by dissolving 8.2g NH^Cl, 1o0g KHCO^ and
0,037g Na,, EDTA. in 1 litre of distilled water (pH 7»h)o

1.7 PPO/POPOP scintillation fluid

This solution was prepared by dissolving 2c3g 2,5-diphenyloxazole

(PPO) and 0.15g 1,4-bis-/2-(5-phenyloxazolyl)_7-benzene in toluene
made up to a volume of 1 litre.

1.8 Ficoll-Hypaque solution

Ficoll-Hypaque (Ficoll, Pharmacia, London) solution was
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made by combining 9$ (*/▼) Ficoll solution with 33.5Yf° (w/v)

Hypaque solution. These solutions were mixed in a ratio

of one part Hypaque solution to 2.4 parts of Ficoll solution.

0o1$ (w/v) Na£ EDTA. was added. The specific gravity of the
final solution was 1.078o

2e Stains

2.1 White cell diluting fluid

A stock solution was prepared by adding 0.1g gentian violet

to 100 ml of 1$ acetic acid0 For use, the stock was diluted 1:10

with 1$ acetic acide 1 part cell suspension was added to 9

parts stain.

2.2 May G-runwald/Gicmsa stain

May Grunwald stain was diluted 1:5 with PBS. G-iemsa

stain was diluted 1:50 with FES•

3o Bacterial culture media

3.1 GC agar

GC medium (Difco) was autoclaved and the following addition

per 960 ml were made: 0.5$ (w/v) ferric nitrate (British Drug

House) 10 ml, 20$ (w/v) glucose 10 ml and 20 ml of GC supplement

which was made up in the following way: 0.5g L-glutamine (Koch

Light Chemicals), O.OOlgcocarboxylase (British Drug House),

water to 100 ml0 Media were used within 5 days of preparation.
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3.2 Modified New York City medium (MNYC)

MNYC medium was prepared using Difco GC medium base enriched

with 10$ (w/v) human blood lysed with 0.5$ (w/v) saponin, 2.5$

(w/v) yeast dialysate (Faur et al.. 1973), 0.1$ (w/v) glucose,

lincomycin (1.0 ;ug/ml), colistin (6;ug/ml), amphotericin B

(1.0 ng/ml) and trimethoprim lactate (6.5 jjg/ml)0 Media were

used within 4 days of preparation.

3.3 ANM liquid media

This medium was prepared by mixing Proteose Peptone

(Difco, Detroit, Michigan, USA) 15g, corn or soluble starch

1.0g, NaCl 5.0g, KgPO^ 1.0g, KH2P°4 1 *°s Na®°3 °»15g and
distilled water to 1 litre0

3.4 GC broth

This broth was prepared as for GC medium but without

the addition of agar.

4. Long term storage media for N. gonorrhoeae

4.1 Trypticase soy broth

Trypticase soy broth (Oxoid) was supplemented with

lactose and aliquoted into bijoux for use0 Gonococcal
o

were made in the broth and then frozen at -70 C.

suspensions

4o2 Skimmed m-nv storage

Bijoux of skimmed milk were used to suspend gonococci
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which were than snap frozen in a mixture of dry ice and acetonec

The bijoux were stored frozen at -70°C and thawed when required.

Methods

1o ABO blood group and secretor status determination

Blood from each patient was collected at the clinic and

stored in heparinized tubes. The saliva from each patient

was boiled for 20 min, centrifuge! at 5000 x £ for 10 min

and the supernate stored briefly at 4°C until tested for the

presence of blood group antigen0

Blood group was determined by agglutination tests in

plastic wells. Secretor status was determined as described

by Mollinson (1979) with saliva or plasma samples. Saliva

or plasma from secretors and non-secretors representative

of the four blood groups were used as controls for each

experimento Agglutinins used were anti-A and anti-B sera

and Ulex europaeus lectin. The red blood cells used were Ag,
B and 0. Tables VII and VIII depict how these tests were

carried out and how the results were reado The Blood

Transfusion Service, Royal Infirmary, Edinburgh, kindly supplied

the reagents for blood grouping and determination of secretor

status and also did random verification checks on selected

saliva samples (50) and plasma samples (48).
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Table "VTI Screening inhibition technique

Doubling dilutions eg.
Agglutinin 1/2 1/4 1/8 1/16 1/32

Anti-A

Anti-B

Anti-H
(Ulez europaeus)

(a) 100 zil of test saliva was added to each of the 15 wells
containing the above dilutions of agglutinin.

(b) These were incubated at 20 C, 20 min,A2, B or 0 cells were
added to the appropriate wellsc

(c) Agglutination was recorded.

Table VIII Interpretation of results

Blood
Group

Substances
secreted

Agglutination
A B H

Secretors 0 H only + + -

A A + H - + -

B B + H + - -

AB A, B + H - - -

Non-seeretors 0, Ay By AB None + + +

i
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2. Bacteria

2.1 Bacterial strains

Neisseria gonorrhoeae strains PI52 and E757 recently-

isolated from patients attending the Department of Genito¬

urinary Medicine were used throughout these experimentsc

A further six strains were used in the nitroblue tetrazolium

reduction assay and these are listed with PI52 and E757 in

Table IX. Table IX shows the pyocin sensitivities of the

eight strains and divides them into two major groups according

to their pyocin sensitivities (Blackwell et al.. 1979)* Group

I strains were sensitive to pyocins attaching to structures

nearest the cytoplasmic membrane whereas group II were sensitive

to the same pyocins, but in addition, to pyocins attaching

to LPS components in positions more distal from the cytoplasmic

membrane (Blackwell et al.. 1983)* PI52 and E757 were used

throughout the attachment studies; PI52 belonged to coaglutination

group WI and E757 to group WII (K. Raid, personal communication;

Sandstrom and Danielson, 1980).

Opaque colony types 2 (pilate) (T2) and 3 (non-pilate) (T^)
were differentiated with a Zeiss stereoscope microscope with

a double system of substage lighting and selectively sub-

cultured and maintained on GC agar (Figure 4)o T2 and
growths, with more than 95^ of the colonies stable, were employed.

Bacteria were harvested from GC agar plates at 14-16 hr,

suspended in Dulbeeco's phosphate buffered saline (D.FBS) by

gentle pipetting, washed and finally resuspended gently in

D.FBS e



Table
IX

Fyocin
types
of
N.

gonorrhoeae
strains

R1

strain

Unclassifiedstrain

R2

strain
R3

strain
R4

strain

strain
ISD

2285
IS4
is
6

IS
8

R205

9579

ISB

R21

43O

ISE

ISA

ISC

Group
IE757

-

-

-

-

-

-

+

-

-

-

-

+

+mm

M9131

-

-

-

-

-

-

+

-

mm

+

+

Group
II

F62

+

+

+

+

+

+

+

-

-

-

-

+

+

9

+

-

+

+

+

+

+

-

-

+

+

M8865

+

+

+

+

+

+

+

_

-

+

+

E760

+

-

+

+

+

+

+

-

-

+'

+

P152

+

-

+

+

+

+

+

-

-

+

+

M6967

+

-

+

+

+

+

+

-

—

-

_

+

+

+

inhibition;
-

inhibition
with
some

growth;
-

no

inhibition
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Figure 4 and T (arrow) opaque colonies grown on GC
agarc X 30o

i
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Bacterial concentrations were determined at E650nro on

a CE292 spectrophotometer (Cecil Instruments, Cambridge,

England) by reference to standards enumerated by microscope

counts with a counting chamber (Figure 5)0

202 Removal of nili

The gonococcal pili were sheared by vortexing a suspension

of gonococci in D.PBS with a Rotamixer Deluxe (Hook and Tucker

Ltd., England) at maximum setting for 5 min. Electron

microscopy confirmed the presence of pili on type 2 gonococci

and their absence on type 3 and vortexed type 2 and 3 gonococci

(Figures 6 and 7)0

2.3 Viable counts

Viable counts were performed by making serial ten-fold

dilutions of the appropriate suspensions, and plating 3 x 20 jjI

drops of each dilution onto the appropriate growth medium0

Duplicate plates were used, and the viable count was made

from the mean of the 6 x 20 nl drops of the dilution giving

the highest number of colonies which could be reliably counted.

2.4 Incubation

Standard incubation conditions were overnight at 37°C
in an aerobic C0o-enrlched (10 per oent) humidified atmosphere.

i

o
Broth cultures were incubated at 37 C in an orbital incubator.
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Figure 5 Calibration curve for determination of gonococcal ((rC)
concentration in PBS0
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Figure 6 Shadowed electronmicrograph showing a pilate
gonococcus. X 55,000

Figure 7 Shadowed electronmicrograph showing a non-pilate
gonococcus0 X 100,000
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3o Assays with phagocytic cells

3.1 Phagocytes

Blood from healthy donors with no history of gonorrhoea

was collected in plastic tubes containing 10 u. of heparin ml ^e
Monocytes and PMN were separated on Ficoll-Hypaque cushions,

at AOOg for 30 min according to the method of Boyum (1968)0

After the interface cells (monocytes and lymphocytes) were

collected, the pellet containing granulocytes and red "blood

cells were re-suspended in 0»82fo ammonium chloride to lyse

the erythrocytes (Boyle, 1968). The separated cells were

finally washed twice in D.PBS.

3.2 Preparation of monolayers

PMN and monocytes were re-suspended in Eagle's MEM to
5

give a total cell count of 2 x 10 /ml. One millilitre of the

above cell preparations was layered onto 13™& diameter (No0 1)

glass coverslips in 16mm well diameter tissue culture plates

(Costar, 295 Broadway, Cambridge, Mass.) and incubated for 1 hr

at 37°C. Non-adherent cells were removed by washing seven

times with D.HJS.

3o3 Binding assay

Coverslips with monolayers of PMN or monocytes were overlaid

with 1 ml of gonococci in D.FBS containing Cm** and Mg"4^ ions
(0.9 0*5 respectively) and incubated for either

30 min at 37°C or 2 hr at 4°C o In those experiments involving

Si
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sera, 0.1 ml of the appropriate sera was added to the 0<,9 ml

of gonococci in D.FBS. Non-attached organisms were removed by

repeated washing with D.FBS. Coverslips were air dried, fixed

in methanol and stained with May Grunwald for 3 n&n, rinsed

and stained with Giemsa for 3 ndn. Bacterial binding was

estimated by counting monocytes with bacteria attached at two

or more discrete points. Duplicate coverslips were used:

for each coverslip, 200 leucocytes were counted and the results

expressed as the percentage of cells binding organisms.

3.4 Sera

For those experiments which involved opsonisation autologous

sera was obtained at the same time as the blood for the cells

was taken. In some experiments heat inactivated sera (HIS)
was used and this was obtained by inactivating sera in a

water bath at 56°C for 30 min. Fresh human sera (FHS) and

heat inactivated sera (HIS) were used at a final concentration

of 1($o The isohaemagglutinin levels of all sera used were the

same (titres equal to 64)•

3«5 Absorption of ABO antibodies

The group 0 sera used for these experiments had both anti-A

and anti-B titres equal to 256. The isohaemagglutinins

anti-A and anti-B were absorbed by an equal mixture of A^ and
B washed BBC for 1 hour at 37°C and then overnight at 4°C.
The absorption mixture of sera and BBC was approximately 50^

(vol/vol). The antibody titres were rechecked after absorption
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and where necessary absorption was repeated until both anti-A

and anti-B titres were reduced to zero. Haemagglutination

tests to check original titres and titres after absorption

were carried out as described by Miler et ale (1977)o

3.6 Nitroblue tetrazolium (NBT) reduction

The NBT reduction in FMN was assayed as described by Kowolik

and Moody (1979) with pilate and non-pilate variants of gonococcal

strains of group I and group IIc Blood for these experiments

was from healthy donors of blood group 0, with no history of

gonorrhoea. Percentage positive counts (i.eQ cells containing

formazan deposits) were made of the preparations and the mean

of 10 counts compared statistically by a paired tytest with

the unstimulated control cells performed at the same time0

4o Radiolabellina techniques

4o1 Radiolabelling bacteria

E757 gonococci were grown overnight in ANM liquid medium,
o

in an orbital shaker at 37 C.

Radiolabelled bacteria (3 z 10~^ cpn/bacterium) were obtained

by inoculating approximately 5 x 10^ bacteria into 50 ml of ANM

containing 10 j£i/ml of tritium labelled thymidine. After 18h

of growth the bacteria were washed three times in PBS and

adjusted photometrically to a concentration of 10^ bacteria/ml.
i

Viable counts of bacteria were performed and stability of colony

type was checked,,



84

4.2 Preparation of phagocyte monolayers for radiolabelling

Monocyte and Pi£,~ monolayers were prepared as previously

described on the day of the experiment. Three days prior to

the experiment monocyte monolayers were prepared,, These

monolayers were prepared in the normal manner and cultured

in a humidified incubator with 5-"!C$ C02 at 37°C . Daily changes
of RPMI minimum essential medium were made. Monocytes were

viewed daily using a reverse microscope and the change from

monocyte to macrophage monolayer was noted0 All phagocyte

monolayers were prepared using 1 ml aliquots of 2 x 10^ cells/ml.

4o3 Radiolabelled bacteria to phagocyte assays

These assays were carried out essentially in the same

manner as the other gonococci-phagocyte association experiments.

Four coverslips were used for each determination: two coverslips

for the assessment of binding of tritium labelled gonococci

and two coverslips for the assessment of binding by microscopy.

Coverslips for radioactivity determination were washed repeatedly,

removed from the wells and air dried. The dry coverslip was

then placed in 3 ml of PP0/P0P0P liquid scintillation fluid and

the scintillations (cpm) were recorded by a liquid scintillation

counter. Coverslips with phagocyte monolayers to which no

radiolabelled bacteria had been added were used as background

controls.
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5. Studies on sugar inhibition of gonococcal binding to

phagocytea

Monocyte and PMN monolayers were prepared as described

previously. Cell monolayers were preincubated with 0.5 ml
o

of the appropriate sugar solution for 20 min at If C. Sugar

solutions were: D-galactose; N-aoetyl-D-galactosamine;
BE CS

D-galactosamine; N-acetyl-D-glucosamine; D-glucose; L-fucose

and D-glucosamineo These sugar solutions were used at 5 mmol 1 ,=
-1 -1

10 mmol 1 and 20 mmol 1 concentrations in D.FBS with 0.9mM

Ca++ and 0.5mM Mg++ ions. The cells were then washed and the

binding assay performed at 2f°C for 2 hours. Pilate gonococci

were used at a concentration which gave approximately 50%

binding for both monocyte and PMN controls..
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6 c Electron microscopy techniques

6.1 Negative staining

Negative staining was carried out using 2?c (w/v) phosphotungstic

acid (PTA) buffered at pH 7»0« Equal volumes of gonococcal

suspension and PTA were mixed on a clean glass slide0 A drop

of the suspension was then transferred by means of a fine

platinum loop on to the surface of collodion membrane supported

on a copper electronmicroscope grid. Excess fluid was removed

after 30 seconds by touching the edge of the specimen drop with

a piece of filter paper. The specimen was then either left to

dry overnight or dried in a dessicator over anhydrous calcium

carbonate, AH grids were examined in an Hitachi HTJ12A electron

microscope,

6.2 Shadowed preparations

Shadowed preparations were made from gonococcal suspensions

by washing and resuspending in (w/v) ammonium acetate and then

a drop of the bacterial suspension was transferred to the surface

of an electron microscope grid. The preparation was allowed

to dry for 5 min in a dessicator over anhydrous calcium carbonate,

The grids were then transferred to a special holder and exposed

to gold-palladium vapour under vacuum in an Edward's vacuum

coater, model 306,

i

603 Thin sections
8 ,

1 ml of 10 cfu/ml E757 P + gonococci were incubated for

30 nrin at 37°C with 1 ml of PMN or monocyte preparations (10^ cells/ml).
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Tubes were centrifuged at 600g for 10 mill. Cells were fixed

in 2.5?o glutaraldehyde in sodium cacodylate buffer at pH 7*4,

washed three times in cacodylate buffer and fixed in 1ft osmium

in cacodylate buffer for 1 hour. The cells were washed again

and blocked in 2?/o Nobel agar. The blocks were dehydrated by

passing them twice through 50/£ (▼/▼) ethanol for 10 min followed

by absolute alcohol for 15 mine

Cells were cleared and embedded to the following schedule:

epoxy propane for 15 min, twice; infiltrated with epoxy propane/

araldite mixture overnight and then embedded in fresh araldite

and cured at 60°C overnight.
o

Sections were cut at 2»jOO A and stained with saturated uranyl

acetate in 50?° (v/v) ethanol for 30 min in the dark. Sections

were washed in alcohol and counterstained in 2j£ lead citrate

for 2 min. The grids were finally washed 3 times in distilled

water and blotted dry before viewing.

7o Statistics

Linear logistic multiple regression, Armitage (1971),
was used to compare the UTI with control groups for ABO blood

group and secretor status0 This method also enables estimation

and gives confidence limits for relative risk of DTI among

secretors and non-secretors of the 4 blood groups. Chi-squared

tests were used for analysis of two-way frequency tables.

The relative risk method of Woolf (1954/55) was employed in

the analysis of data from the survey of patients attending the

STD clinicso Analyses of gonococci-phagocyte association assays



88

were performed with paired sample t^tests. Two factor

analysis of variance was used to examine the effect of blood

group and other variables on gonococci-monocyte association.

When no specific statistical tests were employed, means and

standard errors are given. In some bar charts, standard errors

are not shown, and the significance tests are given in an

accompanying table.



RESULTS



SECTION I

EFTDEKTOLOG-ICAL STUDIES
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1. ABO and secretor status survey of recurrent urinary tract

infection patients

This surrey was undertaken to determine if there was any

correlation "between ABO blood group, secretor status and recurrent

urinary tract infection (UTI). Table X shows the ABO blood

group and secretor status distribution for the two recurrent

UTI diagnostic groups: a) pyelonephritis patients; b) uncomplicated

UTI patients. No significant differences in the proportion of

secretors or the distribution of ABO blood groups were found

between the two diagnostic categories of UTI patients;

319 patients were considered as one group for comparisons with

controls.

Table X0 Secretor status and ABO blood group distribution in
the two diagnostic groups of UTI

Diagnostic
group

Secretor
status

0 A B AB Total
Totals within

each

diagnostic group

a
Secretor

non-secretor

23
16

14

7

9

2

3

1

49
26

75

Secretor 87 48 23 4 162
244b

non-secretor 36 21 16 9 82

Total 162 90 30 17 319

Table XI shows the frequencies of different blood groups and

secretor status for the UTI patients and for the smaller series

of controls for whom secretor status has been determined. For

the UTI group, the table shows also the ratios of observed
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Table XI Frequencies for UTI patients (n = 3*19) controls
(n = 334) classified by ABO blood group and secretor
status. Figures in brackets for UTI patients are
ratios of observed frequencies to those expected
from the control data

Blood Group
0 A B AB

Secretor 124 IK 35 12
Controls

Non-secretor 49 30 7 3

Secretor 110 62 32 7

UTI (0.93) (0.88) (0.96) (0.64)
Non-secretor 32 28 18 10

(1.11) (0.98) (2.69) (3.49)

Table XII Frequencies for controls (n = 6662) and UTI patients
(n = 319) classified by ABO blood group

Blood Group
0 A B AB # B + AB

Control 3323 2410 715 214 12$

UTI 162 90 50 17 21#
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frequencies to those expected from the pattern found in controls,.

To test the dependence of U'l'i risk on ABO "blood group or secretor

status, a linear logistic multiple regression was carried out

on the two samples. This examines the influence of the three

main effects (anti-A, anti-B and secretor status) and their

interactions on the proportion of subjects with UTI, using

approximate chi-squared tests0 Presence or absence of anti-A

was found not to have a significant effect, but there was a

significant interaction between the anti-B and secretor effects;

subjects lacking both anti-B and secretor substance i.ec those

of blood group B and AB who are non-secretors, ("B/AB, non-S"),
had a higher risk of recurrent UTI, whereas subjects lacking

only one of these two did not differ significantly in risk

from those with both factors presento Thus the data fit
2

extremely well (X. = 1.86, 6 d.f.) to a model in which the

"B/AB, non-S" group have a highly significant excess risk

CX_2 = 9.12, 1 d.f., P< 0.01) over all types. The relative
risk of UTI for "B/AB, non-S" subjects as compared with other

types was estimated as 3*12, with 95^ confidence limits of

1.49 and 6.52. This appears to be a genuine example of synergy

with absence of both anti-B and secretor substance being

necessary to give an increased risk of UTI. The observed/

expected ratios in Table U illustrate this finding clearly,

with only those for B non-secretors and AB non-secretors

differing substantially from unity.

Although there was no significant difference in the

frequency of "B/AB, non-S" subjects between the two diagnostic
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categories of UTI patients, only 3 out of the 28 UTI patients

who were "B/AB, non-S" subjects were in category V0 The

incidence rate (4$) for "B/AB, non-S" subjects in category's'

was not significantly different from that of the controls (tf).
Thus while "B/AB, non-S" is more common in categoryV (incidence

rate of 10$) than in controls, the position of category Vis
equivocal, and a larger study is required to determine whether

it is more like category V or controls in terms of"B/AB, non-S"

incidenceo

The larger series of controls (in whom only ABO group but

not secretor status was known) did not differ significantly

from the smaller series in their blood group frequencies, but
2

showed a highly significant difference (X. = 16.34, 3 d.f.,

P < 0.001) from the UTI patients (Table XII). This confirms

previous findings and is consistent with the suggested model

in which "B/AB, non-S" subjects have an increased likelihood

of recurrent UTI. The proportion of anti-B negative patients

in the UTI sample is inflated by the excess frequency of those

who are also non-secretors, even though anti-B negative secretors

are not at a higher risk. Thus absence of anti-B, when

considered alone, show3 a significant risk relative to presence

of anti-B (95^ confidence limits of 1.24 and 2107 from Table XIl).

This level of risk is lower than the three fold increase risk

found for "B/AB, non-S" because the anti-B negative group is

diluted with anti-B negative secretors.
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20 ABO and secretor status survey of new patients attending

a sexually transmitted diseases clinic

This survey was undertaken to determine if there was any

correlation between ABO blood group, secretor status and

susceptibility to gonorrhoea.

The breakdown of all 5&7 patients into ABO, secretor status

and diagnostic groups is presented in Table XIII. As can be

seen from this table many patients had more than one species

of Neisseria isolated from them.

The distribution of blood groups of patients with and without

gonorrhoea and of the controls is given in Table XIV. The blood

group frequencies of the controls and the total number of patients

P >0o1). The frequency of blood group B in these patients with

gonorrhoea was 21.1$ compared to 12$ in those without. This
. 2

difference was not, however, significant (X^) = 5.103, P > 0.1;.
When the frequency of blood group B in the patients with gonorrhoea

was compared (21.1$) with that of the controls (10.7$) the
2

difference (X_^= 8.404, P < 0.05) *«-s significant.
The effect of the presence or absence of anti-B on

susceptibility to gonorrhoea is shown in Table XV. A higher

percentage (20.9$) of patients with no anti-B isohaemagglutinin

had gonorrhoea compared with those with anti-B isohaemagglutinin

(12.1$) (X. = 4*947, P < 0.05)o Using the relative risk method

of Woolf we found that the relative risk of gonorrhoea was 1.93

for individuals without anti-B isohaemagglutinin0 This means

attending the clinic showed
2

2
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Table XIII Distribution of ABO and secretor status groups
among diagnostic categories

Micro-organism isolated
0

s NS

A

S NS

B

S NS S

AB

NS

N. gonorrhoeae only 18 7 13 5 9 3 2 0 57

N. gonorrhoeae and
N. meningitidis

4 5 4 1 4 0 0 0 18

N. gonorrhoeae and
N. lactamica

1 0 0 0 0 0 0 0 1

N. meningitidis only 22 9 13 11 11 0 1 0 67

N. lactamica only 2 0 0 0 0 1 0 0 3

Chlamydia 14 10 6 4 8 2 0 0 44

No micro-organism
■1 nnl n+.fifl 137 53 101 41 23 14 6 2 377

Table XIV Distribution of ABO blood groups in 567 patients with
and without gonorrhoea and controls

Blood group

Culture results for
N< gonorrhoeae

No. OQ
negative

No.00
positive

Total No0
of

patients

OS) No. 00
of

controls

0 247(50.3)
A 176!(35.8
B 59 ((12.0)
AB 9< 1.8)
Total 4911(99.9)

35(4-6.1)
23(30.3)
16(21.1)
2(2.6)
76(100.1)

282(49.7)
199(35.1)
75(13.2)
11(1.9)
567(99.9)

3323(49.9)
2410(3602)
715(10.7)
214(3.2)
6662(l00o0)
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that they are 935$ more susceptible to gonorrhoea than persons

with anti-B isohaemagglutinin.

The distribution of secretor status for patients with and

without gonorrhoea and controls is given in Table XVT. No

significant differences were noted between the total patients
2

and the controls (X. = 0.917, P > 0.1) nor between those patients
2

with and without gonorrhoea (X. = 0.168, P > 0o5)c

Table XVTI gives the breakdown of the survey results in

terms of sex, secretor status, ABO blood group and patients

with and without gonorrhoea.

Table XVTII shows the distribution of ABO blood groups

among male and female patients with and without gonorrhoea0

A chi-squared test reveals no significant heterogeneity within
. 2

these distributions (*(7) = 8.894, P > 0.1 )6
Table XIX gives the analysis of data from Table XVTII by

presence and absence of anti-B isohaemagglutinin. For patients

of blood groups B and AB (anti-B absent), there is a higher

percentage of females with gonorrhoea (2601^) than males (15/S) •

Both these frequencies are higher than those found for male

and female patients of groups A and 0 (anti-B present), with

gonorrhoeae Multiple logistic regression of culture results

on sex and presence and absenoe of anti-B showed no significant
2

interaction (X. = 1#72, 1 d.f.). Thus we found no significant

evidence that differences in susceptibility between patients

with and without anti-B were related to sex. The reduced

percentage of gonorrhoea infected males without anti-B, 1552
as opposed to 2601?Z for females, is closer to the 12.7$ figure
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Table XV Analysis of data from Table Xlllby presence or
absence of anti-B isohaemagglutinin

Anti-b
Culture results for N. gonorrhoeae

Total
No. (%) negative No. (%) positive

Present (0 ana a)
Absent (b and ab)
Total

423(87.9) 58(12.1)
68(79.1) 18(20.9)

491 76

481 (100)
86(100)

567

Table XVI Distribution of secretor status for patients with and
without gonorrhoea and controls

Secretor status
Culture results for

N. gonorrhoeae Total

No.(£) No.(Jb) of
negative positive patients

No.(jS)
of

controls

Secretor
Non-secretor
Total

344(70.1) 55(72.4) 399(70.4)
147(29.9) 21(27.6) 168(29.6)
491(100) 76(100) 567(100)

245(73.4)
89(26.6)
334(100)

Table XVTI Distribution of blood group, secretor status and sex

among 567 patients with and without gonorrhoea

Culture results
for

no gonorrhoeae

0 A B AB

Secretor status M F M F M F m F

Positive
Secretor 10 13 9 85
Non-secretor 8 44 20

8 1 1

3 0 0

Negative
Secretor 88 87 62 58 21

Non-secretor 35 37 28 28 9

21 3 4

8 1 1
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for males with gonorrhoea who had anti-B in their serum. It

is feasible that there is an increased susceptibility to

gonorrhoea only for females of groups B and AB and a larger

study would be required to show this.



Table
XVTII

Distribution
of

ABO

blood
groups
among
male
and

female
patients
with
and

without
gonorrhoea

Culture
results
for

N.

Konorrhoeae
0

Male

Female

Male
A

B

Female

Male

Female

AB

Male

Female

Positive

18

17

13

(43.6$

(35.1$
10

5

11

(25.6$

(13.590
(28.2$
1(2.750

(2.650

Negative

123(49.4$
124

A

90

(51.2%)

(37.89S)
86

30

29

(33.990

(11.2$
(12.8^)

(2.150

Table
XIX

Analysis
of

data
from
Table
VI
by

presence
or

absence
of

anti-B

isohaemagglutinin

Anti-B

Culture
results
for
N»

gonorrhoeae

Total

No.($
negative

No.($
positive

Present(0

and
A)

MaleFemale

213

(87.3)
210

(88.6)

31

(12.7)
27

(11.4)

244237

Absent(0

and
A)

Male

34

(85.0)

6

(15.0)

40

Female

34

(73.9)

12

(26.1)

46

Total

491

76

567



SECTION II

HOST-PARASITE INTERACTION STUDIES
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1. Association of Neisseria gonorrhoeae and phagocj'tes

These assays were set up to examine the binding interactions

of non-opsonised,pilate and non-pilate gonococci to PMN, monocytes

and macrophages. These experiments were carried out as a necessary

preliminary to the examination of the role of ABO blood group

characteristics on binding to phagocytes0 The association of

pilate and non-pilate gonococci with PMN and monocytes was

determined. Dose response experiments indicated the optimum
8.

concentration of gonococci was 10 /ml. The binding level varied

markedly with concentration and emphasises the importance of

using accurately calibrated suspensions0 A comparison of the

total count (chamber count) and viable count (colony count),
revealed a viability of only 11$ for gonococci harvested and

suspended in PBS. MNYC plates gave a greater percent viability

(11$) when compared to GC plates (8fo)» Spectrophotometric

assessment of bacterial concentration, calibrated to standards

determined by chamber counts, was rapid and more accurate than

viable counts, particularly as the gonococci-phagocyte assays

did not involve discrimination between viable and non-viable

o
organisms. Time course experiments suggested that 57 C for

30 min and 4°C for 2 hourB, was idealo Monolayers of 10^/oells
per coverslip facilitated microscopic counting while giving

clearly separated cells.

i

1o1 Association of pilate and non-pilate variants

Figure 8 summarises the results of three experiments comparing

the attachment of pilate (T^) and non-pilate (T^) gonococci to PMN
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PMN MONOCYTES

Figure 8 Association of pilate (T^) and non-pilate (T )
gonococci with PMN and monocytes. Clear
"bars = pilate, shaded bars = non-pilate0
Each bar represents the mean of three
experimentso

and macrophage So There was no significant difference in

association of the two types to PMN at either 4°C or 57°C (P>0.5).

The association of pilate T^ cells with monocytes was significantly
greater than that observed with non-pilate Tj cells at both 4°C
(P < 0.02) and J7°C (P < 0.01). The significance tests for the

difference in gonococcal association with PMN and monocytes is

shown in Table XX. A significantly greater number of PMN than

monocytes bound both pilate and non-pilate gonococci (P < 0.01 )©
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PMN MONOCYTES

Figure 9 Association of both T^ and T, gonococci to PUN
and monocytes following mechanical shearing treatment
of the gonococcio Each point represents the mean
of three experiments.

1.2 Effect of removal of pili

Figure 9 represents the effect on binding of both and

T_ cells to PMN and monocytes following vortex treatment of the
j

gonococci. The difference in binding of and T^ cells to
monocytes illustrated in Figure 8 was abolished by removal of

pili from Tg cells by mechanical shearing,, While there was a
slight overall reduction in binding of gonococoi to the phagocytes

following shearing treatment (Table XXI) there was still a

significantly greater number of PMN than monocytes binding gonococci

(P < 0.05).



Table
XX

Association
of

pilate
(Tj

and

non-pilate
(T-)

gonococci
with
PMN

and

monoqytes
at

J7°C

n,n^
4
C

with

percent
differences
and

significance
values

N.

gonorrhoeaeE757

Temperature
Percentage
binding

to

PMN

Monocytes
5?

difference
P

value

T2

37°C

94.17

21.17

73.005?

<

0.01

4°C

97.33

23.67

63.665?

<

0.001

T

37°C

93.17

7.00

86.175?

<

0.01

X3

4°c

92.17

6.50

85.675?

<

0.01

Table
XXI

Effect
of

loss
of

pili
on

association
of

gonococci
with
PMN

and

monocytes
at

J7°C

and
4
C

with

peroent
differences

and

significance
values

N.

gonorrhoeaeE757

Temperature
Percentage
binding

to

PMN

Monocytes
5?

difference
P

value

T2

37
°C

75.67

10.25

65.475?

<

0.02

(vortexed)
4°C

61.67

6.33

55.345?

<

0.05

T3

37°C

70.25

8.33

61.925?

<0.05

(vortexed)
4°C

58.58

9.33

49.255?

<0.05
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1.3 Comparison of 4°C and 37°C assays

The results for the assays done at 4°C represent attachment

only as the monocytes and P® do not phagocytose at this

temperatureo The JJ°C assays are for attachment and phagocytosis,

i.e. association© Differentiation between phagocytosis and

attachment was not done, but the general trends in phagocyte-
o o

gonococci association at 4 C and 37 C were consistent and

suggest that the type of attachment seen at 4°C also occurs

at physiological temperatures at which phagocytosis takes place.

Phagocytosis of gonococci by both monocytes and PMN occurred

readily at 37°C as determined by thin section electron microscopy

(Figures 10 and 11 )0

1.4 Association of radiolabelled gonococci to phagocytes

Hunan macrophages are generally located in tissues rather

than blood, and are not available for experiments. Human

monocytes, when maintained under appropriate conditions, undergo

a monocyte to macrophage change after two or three days (W.H. McBride

and M, Norval, personal communication)© Visual features of this

change are increases in cytoplasmic granules and overall size.

Association of macrophage monolayers, prepared in this way,

could not be assayed microscopically in the same way as monocytes

and PMN, This was due to increases in size and numbers of

intracellular components that did not permit accurate visual

counting, Radiolabelling of gonococci was carried out in an

attempt to overcome this problem© Concentrations of bacteria

and phagocytes were as described previously© Assays by light
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Figure 10 Thin section electronmicrograph of human peripheral
blood monocyte with phagocytosed gonococcio
X 15,000.

i
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Figure 11 Enlargement of Figure 10 showing attachment of
a gonococcus to the monocyte membrane.
X 52,500.

i
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microscopy were performed on monocytes and PMN at the same time

as radiolahelling assays on all three types of cells. The

microscopy assays were carried out to check association of

gonococci to phagocytes and to calibrate cpm with microscopic

binding counts. Microseope counts gave binding levels of

gonococci to monocytes of around which corresponded to

approximately 250 cpm; binding of gonococci to FMN gave

around 100^ binding which corresponded to 530 cpm.

Figure 12 shows the association of gonococci to monocytes,

neutrophils and 3 day cultured monocytes0 The association

of gonococci to macrophages is greater than to PMN which is

in turn greater than monocytes. The association of pilate

gonococci to PMN and macrophages is not significantly different

from that of non-pilate gonococci0 The association of pilate

gonococci to monocytes however shows an increased level of pilate

over non-pilate association but this increase is not statistically

significant and the large standard errors demonstrate a rather

large variability in the radiolabelling assay. This did not

compare well with the technically simpler microscopic assay,

and the radiolabelling assay was therefore not used for further

studies0
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cpm
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Neutrophi Is
P+ P-
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Figure 12 Association of pilate (P+) and non-pilate (P-)
gonococci with monocytes, PMN and macrophages0
Each bar represents the mean of three experiments,
± 1 SEMo
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1 .5 Sugar inhibition of gonococcal binding to phagocytes

These studies were undertaken to examine possible lectin-

mediated interactions of gonococci with PMN and monocytes.

These lectins, present on either bacterium or phagocyte may

bind through sugar residues present on either the bacterium or

phagocyte. ' Lectin-like' interactions can be demonstrated by

binding inhibition after preincubation of cells with simple

sugars. As noted previously, various workers using a variety

of sugars, have been unable to demonstrate lectins of gonococci

that can bind to host cells (Trust et al., 1980; King and Swanson,

1978)0

Preliminary experiments with gonococci and leukocytes

supported the findings of other workers (Trust et al.. 1980;

King and Swanson, 1978) and indicated the absence of simple sugar

inhibitable lectins on gonococcio Efforts were therefore directed

at examining sugar inhibitable lectins on phagocytes that might

recognise gonococcal cell wall sugars. That such a mechanism

might exist is suggested by the work of Watt et al, (1978) and

King and Swanson (1978)o Furthermore phagocytes have been

shown to express lectins that bind a variety of bacterial species

(Weir, 1980)0

Figure 13 (a, b, c and d) show the results of sugar inhibition

studies on binding of gonococci (pilate, E757) "to phagocytes (of
. o

group 0) at 4 C for 2 hours. Each Figure shows the effect on

binding of preincubation of the phagocytes with sugar at three

different concentrations. G-onococcal binding to FWN and monocytes
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Figure 13 (a. b. c and d) These figures show the effect of
preincubation of phagocytes with the named monosaccharide
on the binding of pilate gonococci of strain E757»
The assays were carried out with PMN (= X ) and
monocytes (= • ) of blood group 0 at 4°C for 2 hours.
Each point represents the mean of three experiments
± 1 SEM.
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can be inhibited by D-galactose, N-acetyl-D-galactosamine,

D-galactosamine and D-glucosamine. Each of these inhibitions

follows a dose response pattern, with the highest concentration

20 mmol 1~^ giving the greatest binding inhibition. N-acetyl-D-

glucosamine and D-glucose had no effect on the binding of gonococci

to either PMN or monocytes. L-fucose inhibited binding of gonococci

to monocytes in a dose response fashion but did not inhibit binding

of gonococci to PMN. Differences in inhibition for FKN and

monocytes were also seen with D-galactosamine, D-galactose and

D-glucosamine, with the dose response inhibition of each of these

sugars at a lower level for monocytes than FMN.

1 .6 Factors affecting nitroblue tetrazolium reduction

These experiments were carried out to determine if differences

in LFS among gonococcal strains or differences in pilation within

strains affected the activation of intracellular bactericidal

activities of FMN. Pilate and non-pilate variants of group I

and group II strains were assessed for their potential to

stimulate nitroblue tetrazolium (NBT) reductase in FMN. Two

strains of group I (M9131 and E757) and 5 strains of group II

(F62, M8865, M6967, E760 and 9) were used. No differences in

the number of formazan-containing PMN were found in NBT tests

with non-pilate variants of the two groups (Table XXII)• In

contrast for each strain tested, the presence of pili resulted

in a significantly lower number of PMN containing formazan deposits

compared to results obtained with its non-pilate variant (Table XXIII).
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Table XXII Stimulation of NBT reduction by non-pilate (T4) variants
of gonococci of groups I and II (percentage PMN
containing formazan)

Mean percentage PMN conte.ining
formazan (SE)

Strain
Number of

experiments
Unstimulated

(control)
Stimulated

(test)
Group I

M91 31 3 3.1 (0.62} 8.87 (2.8)
E757 2 3.8 (0.55) 24.2 (4)

Group II

F62 3 5.9 < 1.1 24.03 (2.1)
M6967 2 8.4 < 2.9) 22.4 (0.5)
9 2 3.9 iil.5) 13.9 (2.1)
M8865 3 3.1 I(0.62) 19.3 (2.1)
E760 5 6.0 IJ 2.2) 27.6 (606)

Table XXIII The effect of pilation on NBT reduction with gonococci
of group I and group II (percentage PMN containing
formazan)

Strain
Number of

experiments

Mean percentage PMN containing
formazan (SE)

Unstimulated

(control)
Stimulated

(test)
Group I

E757 (T4)
non-pilate

E757 (T1)
pilate

Group II

F62 (T4)
non-pilate
F62 (T1)
pilate
E760 (T4)
non-pilate
E760 (T1)
pilate

1

1

5

5

3.8 (0.55)

3o8 (0.55)

10o6

10.6

6 (202)

6 (2.2)

24.2 (4)*

7 (4.5)t

25.9*

10.6i

27.6 (6.6)*

11.3 (3)i

* P < 0.001

t N.S •
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20 Association of Neisseria gonorrhoeae to phagocytes of the

four ABO blood groups

Experiments were undertaken in the absence of serum, that

is in L.FBS, to determine if the ABO blood group antigens expressed

on the phagocytes influenced binding of gonococci. The gonococcal

strains used differed in their LPS (E757 of pyocin sensitivity

group I; PI52 was group II) and protein I type (E757 was COA

group WII; P152 was COA group Wl) (Blackwell et al.. 1983;

Sandstrom and Danielsson, 1980). Further gonococcal binding

assays were carried out with PMN and monocytes of the four ABO

blood groups in their autologous heat inactivated serum (HIS)

to examine any opsonising ability of the anti-A and anti-B

is ohaemagglutinins.

2C1 Association of gonococci to PMN

Gonococcal strains E757 and PI52 were examined in their

interactions with PMN of the four different ABO blood groupsc

0
In D.FBS, similar patterns of association were seen at 4 C

(Figure 12+.) and 37 C (Figure 15), in that gonococci of strain

PI52 gave higher binding levels with PMN than strain E757o

When the association of gonooocci to PMN was examined

in the presence of HIS (Figure 16), the previously noted increased

binding in D.FBS for strain PI52 over E757 was reduced. Heat

inactivation of serum was necessary because strain P152 was

complement sensitive and gave very low association levels when

autologous fresh human serum (FHS) assays were carried out.

These FHS assays were not continued. In HIS (Figure 16) as
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in D.PBS (Figures 14 and 15), no significant pattern in binding

was seen for PMN of the four ABO blood groups, nor were there

any significant differences in binding between pilate ana non-

pilate gonococcic

2.2 Association of gonococci to monocytes

Figure 17 shows the association of pilate gonococci to

monocytes of different ABO blood groups under various conditions;

Dulbecco's Fhosphate Buffered Saline (D.FBS) at 37°C for 30 min,

D.PBS at 4°C for 2 hours and autologous heat inactivated serum (HIS)
0

at 37 C for 30 min. Each bar represents the mean of three

experiments, different individuals were used for each experiment,,

Two factor analysis of variance was used to examine the

effects of blood group and. of the various conditions on association

of gonococci to monocytes for each strain separately.

A significant interaction in this analysis indicates that

the effect of blood group on association varied between the
0 o

different conditions. When D.PBS 37 C and 4 C were compared

in this way, no significant interaction was found for either

strain, but when HIS was also included there was a significant

interaction for both E757 (P < oOOl) and PI52 (P < 0.01)„
As Figure 17 shows this is mainly due to the fact that association

was greater for group B subjects when HIS was used whereas there

was little difference in association between the blood groups

when D.FBS was used0

A similar analysis was carried out to examine the effects

of blood group and strain on association for each condition
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separately. There was a significant interaction for HIS (P < 0.05)
o o

hut not for D.PBS at 37 C or 4 C„ In the presence of HIS, strain

E757 shows more association with group A subjects than with those

of groups 0 or AB, whereas strain PI 52 gives little difference

in association between these three blood groups (Figure 17)o

Thus strain may not be important in association of gonococci to

monocytes in D.FBS but may be important when serum is present.
o

Comparing the association in HIS and D.PBS at 37 C there

is an overall increase in association for HIS throughout the

blood groups with the exception of blood group AB. Blood group

AB sera contain no isohaemagglutinins in contrast to A, B and 0.

Figure 18 shows the effect of removal of isohaemagglutinins
o

on association of gonococci to monocytes at 37 C. Croup 0

monocytes and sera,from different donors,were used for each of

three experiments. Absorption of both anti-A and anti-B

isohaemagglutinins from HIS reduces binding levels to that

of D.FBS. Absorption of only one isohaemagglutinin also

reduced binding levels but not to the same extent as absorption

of both isohaemagglutinins suggesting that both anti-A and anti-B

isohaemagglutinins may be responsible for the increased binding

levels of HIS above D.PBS. It is feasible therefore that

although there are differences in binding patterns between strains,

the significant interaction or binding pattern mentioned previously

for HIS is due to the presence of isohaemagglutinins in the

autologous sera0 '
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1 o Recurrent- urinary tract infection survey

The highly significant excess of non-secretors of blood

groups B or AB in the study group strongly suggests a synergistic

link between the absence of anti-B isohaemagglutinin and secretor

substances and an increased risk of recurrent urinary tract

infection in women0 In the controls the prevalence of non-

secretors of 26.6fo reflects an increased incidence of non-

secretors found in Scottish and Irish ethnic groups compared

with that reported for other regions in the United Kingdom

(Lincoln and Dodd, 1972). This highlights the need to use

local control groups in surveys of this nature. Within our

controls bias in ABO groups is unlikely, and certainly not

specifically in B or AB non-secretors versus other types. The

results suggest an aetiological model whereby the presence of

either anti-B or secretor substances (or both) is enough to

reduce the risk of infection, and conversely, absence of both

anti-B and secretor substances synergistically increases the

relative risk of recurrent UTI.

Association of infections with ABO blood group and secretor

status has led to investigation of the mechanisms concerned

(Miler et al.. 1977; Springer et al.. 19&1; Muschel and Osawa,
•m

1959). Many bacteria cross-react with ABO blood groups (Springer,

1971). Drach et alo (1971) found A and B blood group activity

in of urinary tract pathogens0 Isohaemagglutinins may

have an important role against these cross-reacting bacteria

(Muschel and Osawa, 1959; Check et al.. 1972). The finding

that individuals of blood groups B and AB with no anti-B
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isohaemagglutinins are more susceptible to urinary tract infection

is interesting in that Drach et al. (1971) found antigens like

those of blood groups A and B on urinary tract pathogens, often

with group A and group B activity on the same bacterium. These

workers noted that anti-B titres were sometimes raised in the

disease but anti-A ones were not, suggesting that the antigen

of blood group A was less immunogenic on the bacteria or that

there were deficiencies in recognition of antigens of blood

group A. Springer (1970) found E. ooli 086:B 7 to be highly

blood group active. Musohel and Osawa (1959) bave shown anti-B

isohaemagglutinin to be bactericidal for E. coli 086. Isohaem¬

agglutinins may also interact with blood group like antigens

on bacterial cell walls to inhibit attachment to uroepithelial

or periurethral cells. Thus persons capable of producing

anti-B isohaemagglutinins may have a greater degree of protection

against urinary tract infection. In general, the extent of

bacterial cross-reaction with ABO blood groups suggests that a

selective advantage linked to ABO blood group might operate in

combating infections.

Secretor status is associated with certain differences in

immunoglobulin concentrations in that anti-B serum IgA and

(in white people) serum IgG concentrations are lower in non-secretors

than in secretors (G-rundbacher et al.. 1970j Grundbacher, 1972).
This suggests that non-secretors may have less effective immune

protection than secretors and is consistent with our findings

that non-secretors were more susceptible to recurrent urinary

tract infection. This probably entails the participation of
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other factors, and the finding that excretion of blood group

substances in urine is an active process in the kidney and not

a simple filtration process (Kalinowski, 1972) suggests that

these substances may have a protective part to play in secretions.

Boat et al. (1978) found that ABH blood group substances of

saliva inhibited haemagglutination of influenza B virus and

suggested that some of these substances may interfere with

access of influenza virus to binding sites. One of the

protective roles of these blood group substances may be their

ability to occupy or in some way interfere with binding sites

either on the bacterium or on the epithelial cell with possible

effects on bacterial colonisation and subsequent infection

Figure 19 A postulated role for secretor substances in the
competitive inhibition of binding of bacteria
to epithelial cells.

(Figure 19).

secretor substances
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The clinical value of screening patients "by ABO blood

group and secretor state, to determine individuals with increased

risk, is not greatc This screening would miss 91% of UTI

patients who are not B or AB, non-secretors6 Determination

of blood groups and secretor status however, may provide

additional information in identifying individuals who are at

risko The importance of UTI is obvious considering its prevalence

and the significant risk of renal damage. Although the majority

of UTI are undramatic, a large proportion of the population suffer

from recurrent UTI and this makes considerable demands on medical

resources. Few if any tests are available for providing prognostic

information for adults with a normal urinary tract and a history

of recurrent infection. Blood group and secretor status ma;/

be of relatively minor importance in relation to all other

aspects of susceptibility. Nevertheless, it may be worthwhile

for the clinician to take this into account in addition to already

established factors in the assessment of patients with urinary

tract infection when considering their long-term susceptibility

and management. Meanwhile, there is a good case for research

workers concerned with mechanisms of microbial pathogenicity to

add this to an extending list of host factors that bear on host-

parasite interactions,

20 Sexually transmitted disease survey

The significant excess of gonorrhoea patients with no anti-B

isohaemagglutinin present when compared to the gonorrhoea negative
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patients would seem to confirm the findings of others that B

individuals are more susceptible to gonorrhoea. These results

would further suggest that it is the absence of anti-B iso-

haemagglutinin that is important in the previously noted susceptibility

of group B individuals to gonorrhoea. Johnson et alc (1983)

found no increased incidence of blood group B in symptomatic male

gonorrhoea persons. Johnson (personal communication) suggested

that the differences in our published studies might be accounted

for by sex, racial or symptomatic differences in our study

populations. Our study was carried out during the non-holiday

period. In the Edinburgh area the population is almost completely

Caucasian and with the exception of the holiday season and the

international Festival period there is a very low proportion of

Asians, Negroes and West Indians© The breakdown of patients

into symptomatic and asymptomatic attenders was not done; our

study group will have been a mixture of both. Data on the sex

of our STD clinic attenders was available and the appropriate

analyses were carried out and are presented in the results section.

Although our percentage of females with gonorrhoea (26.1$) is

higher than males 05$), there was no evidence that significant

differences in susceptibility between anti-B positive and negative

patients were related to sex. However, our results are consistent

with Foster and Labrum (197&) in that susceptibility is higher

in anti-B negative (mainly group B) females. The reduced
i

percentage of anti-B absent males with gonorrhoea, 15$ as opposed

to 26.1$ for females, is closer to the 12.7$ figure for males with

gonorrhoea in the anti-B prssent category. Thus there is a tendency
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to agree with Johnson et al. (1983) who found no increased

susceptibility to gonorrhoea for group B males. It is feasible

that there is an increased susceptibility to gonorrhoea only for

females of groups B and AB and a larger study would be required

to show thiso

There was no significant difference between secretors and

non-secretors in the gonorrhoea positive and negative categories

and Johnson et al. (1983) have made a similar observation.

Although there was a significant increase in the number of B and

A3 individuals with gonorrhoea, there was no synergy between

the absence of anti-B isohaemagglutinin and non-secretion of

water soluble blood group antigens as found in patients with

urinary tract infections.

The underlying host-parasite interactions responsible for

the increased susceptibility of individuals of blood groups B

and AB to gonorrhoea are not yet known; they appear, however,

to differ from those involved with urinary tract infections with

G-ram-negative bacteria. These epidemiological results, however,

suggest an aetiological model whereby the absence of anti-B

isohaemagglutinin increases the likelihood of gonococcal infection.

This hypothesis may only apply to females and the epidemiological

data on whether this hypothesis also applies to males is equivocal.

Host-parasite interactions that would result in females with no

anti-B isohaemagglutinin being more susceptible should be considered.

Solish et al. (19^1) have demonstrated the presence of isohaemagglutinins

in the cervical secretions of women. These cervical secretions

will be present during intercourse and anti-B isohaemagglutinin

might protect against transmission of gonorrhoea. Anti-B
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isohaemagglutinin's possible protective role will be dealt with

in more detail, subsequentlye

3. Interactions of gonococci with phagocytes

The preliminary experiments, employing monocytes and PMN

of blood group 0 in attachment assays with strain E757, were

carried out to identify conditions affecting interactions

between phagocytes and gonococci. Ihese preliminary experiments

revealed differences in phagocyte recognition of gonococci.

The finding that PMN do not appear to discriminate in

their ability to bind pilate and non-pilate variants of the

strain used, supports observations made by others (Swanson

et al.. 1975). Monocytes, in contrast, showed an increased

binding of pilate gonococci similar to that observed for various

epithelial cells (Punsalang and Sawyer, 1973; James-Holmquest

et al.. 1974; Tramont and Wilson, 1977; Swanson, 1973) and other

tissue cell types (Punsalang and Sawyer, 1973; James-Holmquest

et al.. 1974)# The removal of pili from gonococci by mechanical

shearing abolished the inoreased binding of pilate over non-pilate

gonococci to monocytes, suggesting pili are important in the

increased binding of pilate variants over non-pilate variants.

The overall binding of gonococci to PMN is much greater

than that for monocytes indicating that there are other differences

in the binding mechanisms of these phagocytes. Althou^i pili

enhance association to monocytes, binding still occurs in the

absence of pili. Non-pilus components of the gonococcal outer

surface, described in the introduction, may have a role in
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association to phagocytes, e«g. the 'leukocyte association

protein' of King and Swanson (1978)• Protein II, present in

both the opaque, pilate and non-pilate -variants used in this

study, has been found to have a role in the binding of gonococci

to buccal cells (Lambden et al.. 1979; Heckels and James, 1980)
and leukocytes (Heckels, 1982). Protein I, in contrast, has

been shown not to play a significant role in adhesion to buccal

cells (Heckels and James, 1980). Another mechanism may be the

'lectin-like' receptors on phagocytes for gonococcal surface

carbohydrates. The terminal sugar groups on the LPS of gonococci

may be involved in attachment to receptors present on host cells

(Watt et al.. 1978) such as the lectin-like receptors of phagocytes

(Weir, 1980). Izhar et al. (1982) have demonstrated that binding

of Shigella flexneri to guinea pig colonic cells is mediated by

a lectin on these epithelial cells. Their results indicated

that the surface carbohydrate for their lectin may be in the

LPS of the Shigella.

3.1 Sugar inhibition studies

The results presented reveal that phagocytes are capable

of binding gonococci by various sugar inhibitable 'lectin-like*

interactions. Each of the four sugars giving clear dose

response inhibition; D-galactose, D-galactosamine, N-acetyl-D-

galactosamine and D-glucosamine are present in the gonococcal

outer surface (Wiseman and Caird, 1977; Perry et al.. 1975;

Stead et al.. 1975)*
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D-glucose has been detected on the gonococcal outer surface,

but did not inhibit binding. Work in our laboratory (G-lass et al..

1981) has shown that D-glucose did not inhibit binding of

Staphylococcus albus to human or guinea pig PMN indicating the

absence of a D-glucose specific lectin on the phagocytes. In

contrast human monocytes do express a D-glucose specific lectin

and the failure to inhibit gonococcal attachment to these cells

by D-glucose suggests that the D-glucose present on the gonococcal

outer surface was somehow shielded or not exposed exteriorly.

There was a notable difference in the ability of L-fucose to

inhibit binding of gonococci in that inhibition occurred with

monocytes but not with FMN. L-fucose has the same orientation

at as D-glucose and this orientation has been shown to be

important in binding of glycoprotein components to rat alveolar

macrophages (Stahl et al.. 1978; Weir et al.. 1983)* Thus the

differences noted between PMN and monocytes with L-fucose may be

due to the absence of the D-glucose-specific lectin on FKN.

Further, quantitative differences are seen with D-galactosamine

and D-glucosamine in their binding to PMN and monocytes, PMN

in both cases were more readily inhibited than monocytes,

presumably reflecting the numbers of •lectin-like' receptors on

the two cell types,

D-glucosamine does inhibit binding of gonococci to human

OJN in contrast to the lack of inhibition by D-glucose, Thus

the amine group on C2 appears to determine recognition. Previous

work on the mannosyl, fucosyl, N-acetyl-glucosaminyl receptor
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on rat alveolar macrophages had also implicated C2 as a determinant

of specificity (Stahl et al.. 1978; Weir et al.. 1983)* The

failure of N-acetyl-D-glucosamine to inhibit binding of gonococci

to either FMN or monocytes may reflect either the absenoe of this

sugar from the gonococcal cell wall or the inhibition of recognition

on adding the acetyl group to D-glucosamine. D-galactose, D-

galactosaffiine and N-acetyl-D-galactosamine in contrast are found

in the gonococcal cell wall and inhibit binding of gonococci to

both PMN and monocytes.

The details of the specificity of phagocj'te lectins for

different sugars are not understood. Lectins in general,

whilst showing preferential specificity for particular sugars,

•oan also interact to a lesser degree with other sugars e.g.

concanavalin A with its main specificity for oc -methyl mannoside

oan also interact with D-mannose, D-fructose, maltose, iso-

maltose, trehalose and various lipopolysaccharides and bacterial

polysaccharides.

The recent finding in our laboratories that there is an

association between the mouse phagocyte lectin that recognises

cell wall sugars of Staphylococcus albus and la antigens of the

major histocompatibility complex (Stewart et al.. 1982) further

suggests that lectins may show a degree of polygamy in their

ability to recognise carbohydrate determinants. It is known

that only a small number of genes code for the I region antigens

and, whilst there is extensive polymorphism in a species,

polymorphism in an individual is necessarily limited. The I
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region antigens of macrophages are thought to be involved in

antigen presentation to T-lymphocytes, to carry out this function

the I region must be able to recognise a wide range of determinants

(Howie and McBride, 1982).
Little is known of the role of the human major histocompatibility

complex (MHC) in determining susceptibility or resistance to

gonorrhoea. A recent study in Singapore does however indicate

that certain HLA haplotypes (A11 and B15) are associated with

resistance to gonorrhoea and syphilis amongst Chinese prostitutes,

HLA-B17 being associated with susceptibility. The B17 haplotype

was found in 26^2 of prostitutes with combined infections of

syphilis and gonorrhoea compared to 1% in the control population.

This haplotype was absent in the prostitutes who were resistant

to these infections (Chan and Rajan, 1982). The susoeptible

group in addition, were found to have poor blastogenic responses

in lymphocyte transformation assays to treponemal and gonococcal

antigens, compared to the resistant group. So far there is no

evidenoe of any association with the HLA-D region (equivalent

to the mouse I region). The importance of the class II MHC

antigens in generation of the immune response to bacteria is

widely aocepted with T-helper cells recognising bacterial antigens

in association with class II antigens on macrophages. The

findings in the present study point to the need to explore further

the recognition of gonococci by phagocytes and possible association

with class II MHC antigens as determinants of susceptibility.
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3.2 Gonococcal stimulation of the NBT reduction in FKN

The finding that pilate gonococci provoke less stimulation

of superoxide production (detected by NBT reduction) in human

B£N than non-pilate gonococci agrees with the previous report

of Kreiger et al. (1980). They observed a minimal increase

in glucose oxidation and oxygen consumption of FWN to which

pilate gonococoi were attached compared with the marked increase

found with non-pilate gonococci. Densen and Mandell (1978)

in contrast reported that in the presence of serum non-pilate

gonococci gave only a slight increase in oxygen consumption

over pilate gonococoi. Kreiger et al. suggested that the

differences between their study and Densen and Mandell's were

due to strain differences. The former workers used DG-I strains

whereas the latter used F62 a laboratory strain. In the present

study a number of strains from localised infections as well as

F62 were U3ed, In each case there was a lower percentage of

foraazan containing FMN in the presence of pilate variants in

comparison with non-pilate variants of the same strain. This

study suggests a further role for pili as a virulence factor,

as decreased stimulation of PMN is likely to result in decreased

bactericidal activity.

3.3 The role of pili in gonococcal Infection

Two roles have been suggested for pili in the establishment

of gonococcal infection: (1) pili assist the organism in attaching

to mucosal surfaces (Swanson, 1973; Ward et al.. 1974); and (2)

pili increases gonococcal resistance to phagocytosis "by FHN
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(Tramont and Wilson, 1977; Swanson et al.. 1971; Thongthai and

Sawyer, 1973; Ofek et al.. 1974)# Support for this second role

of pili was given by the NBT reduction assays discussed in the

previous section. The finding that pilate gonooocci bind better

to monocytes suggests a third role for pili in conjunction with

Novotny's hypothesis that 'gonorrhoea appears to be a specific

disease of human macrophages' (Novotny et al.. 1977)* If pili

increase the binding of gonococci to monocytes, this might

increase the probability of gonococci attaching to and being

phagocytosed by monocytes, resulting in the formation of

'infectious units'.

f¥N bind appreciably more gonococci than monocytes. The

large difference shown in binding of gonococci (whether pilate,

non-pilate or vortexed) to PMN and monocytes is most striking

and contrasts with work done on Staphylococcus albus in our

department. There were no differences in the binding of

staphylococci to FMN and monocytes (Glass et al.. 1981). These

results obtained with gonococci may provide one explanation for

recurrence of infection in addition to the idea of broad

heterogeneity of the gonococcal antigens (Kasper et al.. 1977;

McMillan et al.. 1979b; McMillan et al.. 1979c)« An

ineffective immune response may be explained by the much greater

ability of PMN to take up the organism in comparison with the

smaller numbers that are recognised and taken up by monocytes.

If those that are taken up by macrophages are largely incorporated

into 'infectious units' and survive while destroying the macrophage,

the presentation of gonococcal antigen by macrophages to lymphocytes



13if

will "be reduced.

On the other hand, pili are not readily demonstrated on

gonococci in human tissues (Novotny et al., 1975; Evans, 1977)*
If proteolytic enzymes in pus and tissues remove these from the

surface of the organism, the probability of attachment to monocytes

would be further reduced. As pili seem to enhance attachment

to epithelial cells and macrophages, loss of pili would be

likely to limit colonisation and to reduce the possibility of

the development of infectious units in macrophages with a

consequent reduction in virulence,

4. Association of Neisseria gonorrhoeae with PMN of the four

ABO blood groups

These results indicate that there are no significant patterns

in binding of gonococci to PMN of different ABO blood groups

in the presence or absence of autologous heat inactivated serum

(HIS), These findings with PMN do not support the hypothesis

of Foster and Labrum (197°) that anti-B isohaemagglutinin is a

more effective opsonin than anti-A isohaemagglutinin.

They do however indicate that differences in binding to PMN

may be dependent on the strain of gonococci used. In the

absenoe of autologous serum strain P152 bound to a greater

proportion of PMN than strain E757» although this increase

was not seen in the presenoe of HIS, Strain PI52 has a pyocin

type consistent with group II (Blackwell et al,. 1985) and a

coagglutination pattern, WI (Sandstrom and Danielson, 1980),

E757, in contrast, has the pyocin type of a group I strain and
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and a coagglutination pattern WII. This increased association

of P152 over E757 in D.PBS at 4°C and 37°C may be due to a

greater ability to bind on account of its LPS type or protein I

type. Heckels and James (1980) pointed out that protein I is

not involved to a great extent in the binding of gonococci to

buccal epithelial oells. These results suggest that the

bacterial surface antigens, and particularly the LPS, may be

important in interaction between FMN and gonococci.

This increased binding of group H gonococci to PMN may

be a virulence attribute. A mechanism for this has been

suggested by Winstanley et al. (submitted for publication) in

our laboratory, based on the increased binding of group II

gonococci to FMN and the findings of Casey et al. (1983) that

viable gonococci had a toxic effect on HTN. The suggested

mechanism is that the increased binding of group II gonococci

to PMN may result in an enhanced ability to kill PMN by means

of this cytotoxin. In addition to the destruction of functional

PMN, the lysed PMN may release proteases and other intracellular

substances inimical to complement components. These intracellular

substances may reduce the ability of complement to kill the

complement sensitive group H gonooocci and thu3 these gonococci

may be indirectly protected from complement by their increased

binding to PMN.

I

5. Association of Neisseria gonorrhoeae with monocytes of the four ABO

blood groups

The results indicate that there are no differences in
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gonococcal association to monocytes of different ABO blood groups

in the absence of autologous heat inactivated sera. This

suggests that differences in ABO blood group antigen expression

on monocytes does not influence gonococcal attachment (4°C) or

phagocytosis and/or attachment (37°C). There were no significant

differences between strains Pi32 and E757 in their binding in
o o

D.FBS at both 4 C and 37 C. This contrasts with work on PMN

which shows marked differences in binding between strains.

The association of gonococci to monocytes of different

ABO blood groups in homologous heat inactivated sera showed a

significant pattern of binding for each strain, Pi52 (p <1 0.01)

and E757 (p «C0.001) with an increased level of association for

group B monocytes. A further statistical analysis showed

significant differences in pattern of association to different

ABO monocytes for P152 and E757 (p < 0.05). Thus strain is

important in gonococcal association with monocytes in autologous

HIS. HIS increases the association of both strains to monocytes

of all blood groups except AB, i.e. the blood group with no

isohaemagglutinins. Miler et al. (1977) found that the

isohaemagglutinins induced by gonococci were predominantly of

the immunoglobulin M class as are isohaemagglutinins of normal

sera. Haegart (1979) Has demonstrated the presence of IgM

receptors on human peripheral monocytes. The experiments

indioate that isohaemagglutinins were responsible for the

inoreased association of gonococci to monocytes in HIS over

that found in D.FBS. This differs from the findings for FMN

where various isohaemagglutinins gave no significant increase
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in association.

These results would seem to contradict predictions that

blood group B individuals may be more susceptible to the disease

due to the absence of anti-B isohaemagglutinin in their serum.

The possible consequences of increased binding of pilate gonococci

to monocytes has been discussed (section 3»3) in relation to

Novotny's hypothesis (Novotny et al.. 1977)# If the increased

association of gonococci to group B monocytes resulted in the

formation of more "infectious units", this might be part of

the explanation for the increased susceptibility of group B

individuals to gonorrhoea.

The reasons for this increase in binding to group B

monocytes in autologous HIS in comparison with monocytes of

other blood groups in autologous HIS may, as has been stated,

be due to the isohaemagglutinins present. The results indicate,

however, that anti-A and anti-B isohaemagglutinins are both

capable of opsonisation and an explanation of how anti-A

isohaemagglutinin may result in increased binding is given

by Miler et al. (1977)• They found that anti-A isohaemagglutinin

was absorbed from serum by gonococci much more readily than anti-

B. Group 0 autologous HIS has both anti-A and anti-B isohaemagglutinins

present however there is no increased binding seen. The titre of

anti-A in both the B sera and 0 sera used in these assays were

similar# The sera of 0 individuals, "anti-A,B" is not simply

a mixture of anti-A and anti-B isohaemagglutinins as there is

cross-reactivity of both isohaemagglutinins with the A and B

antigens (Race and Sanger, 1975)» The reduced binding of
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gonococci opsonised with 0 serum compared to B serum may be

due to the anti-A isohaemagglutinin having to compete with the

anti-B isohaemagglutinin, either of which may be cross-reacting

with A or B antigens of gonococci. This distribution of

isohaemagglutinin would also be affected by the representations

of A and B-like antigens on the gonococcal surface. If the

B-like antigens were situated close to the A-like antigens then

opsonisation might be reduced by steric hindrance brou^it about

by the proximity of bound anti-A and anti-B in an analogous

fashion to the prozone phenomenon seen with agglutinins (issitt

and Issitt, 1979)* Further studies using different strains

of gonococci with possible variations in expression of A- and

B-like antigens may help to elucidate these issues.

Suggestions for further studies on ABO groups and host-parasite

interactions

These studies have not positively identified the link

between blood group and susceptibility to gonorrhoea. They

have however elucidated a number of aspects of interactions

between gonococci and phagocytic cells that may be of importance

in the pathogenesis of the disease and indicated areas for

future investigation. These studies particularly emphasise
i

that in experimental models of infections characteristics of

both the host and parasite must be carefully considered.
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From these studies and others in our laboratory the only

immunological link between blood group and susceptibility to

gonorrhoea appears to be the increased association of gonococci

to monocytes of group B. The next stages of the investigation

should include:

1• Study of intracellular killing of pilate and non-pilate

variants of group I and group II gonococci by monocytes of the

various ABO blood groups.

2. Studies on antigen presentation by the monocytes,of these

bacteria and Neisseria meningitidis using a lymphocyte proliferation

assay.

The first would examine Novotny's assertion that gonococci

inactivate intracellular killing within the monocyte with

subsequent formation of infectious units. The second study

would explore the findings that although gonococci and meningococci

are related organisms an effective immune response is produced

against meningococci but not gonococci. The response against

meningococci is long lived, but that for gonococci is transient.

Differences in sites of the disease process may account for

these differences in immune protection, but comparison of the

ability of monocytes to present gonococcal and meningococcal

antigens to lymphocytes may provide evidence for fundamental

differences in the host response to these two agents.

Whilst studies so far have not demonstrated lectin-like

molecules on gonococci, various studies have suggested there

may be lectins capable of binding oligosaccharide, thus the

ABO carbohydrate containing antigenB could mediate binding of
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gonococci to epithelial cell surfaces* Studies on attachment

of pilate and non-pilate variants of group I and group II to

uroepithelial cells from Individuals of different ABO blood

may provide evidence for this hypothesis*
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Introduction

Correlation between ABO blood group and susceptibility to
certain infectious diseases is well documented.1-6 In studies of a
Chilean population, patients of blood group B had 50% greater
probability than those of other blood groups of contracting
Escherichia coli urinary tract infections.4
The antigens of ABO blood groups are present in two forms:

(a) alcohol-soluble in tissues of all subjects, and (b) water-soluble
in most body fluids and organs of secretors. The non-secretor
state has been linked with the susceptibility to certain infectious
agents.7-9 Haverkorn and Goslings7 found that patients in
blood groups other than O and non-secretor patients were most
susceptible to rheumatic fever and rheumatic heart disease, and
carriage of group A streptococci was observed more often in
non-secretors.

We analysed the distribution of ABO blood groups and
secretor state among women with recurrent urinary tract
infections in Edinburgh.

Subjects

Regular attenders at the pyelonephritis clinic of the City Hospital,
Edinburgh, were asked to provide a specimen of blood and saliva for
determination of blood group and secretor state. All patients in this
survey were girls and women aged 10-80 (mean 49) years. None had
predisposing factors such as stones.
The patients were divided prospectively into two categories:
Patients with pyelonephritis—Those with unequivocal radiological

evidence of chronic pyelonephritis—that is, focal loss of parenchyma
associated with distortion of calyces—or those with a history and
clinical and laboratory findings consistent with acute pyelonephritis.
Patients with uncomplicated urinary tract infections—Those patients

with normal appearance on intravenous pyelograms, but with appreci¬
able bacteriuria (105 organisms/ml) and a history of recurrent urinary
tract infections.
Controls—Control data were produced by testing 334 samples of

plasma from female donors (age range 18-60) from the survey area
for the presence of secretor substances. Further control data for
distribution of blood groups were available for 6662 donors from the
same area as that from which our patients were drawn.10

Methods

Blood from each patient was collected at the clinic and stored in
heparinised tubes. The saliva from each patient was boiled for 20 min,
centrifuged at 5000 xg for 10 min, and the supernate stored briefly
at 4°C until tested for the presence of blood group antigen. Blood
group was determined by agglutination tests in plastic wells. Secretor
state was determined as described by Mollinson11 with saliva or
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plasma samples. Saliva or plasma from secretors and non-secretors
representative of the four blood groups were used as controls for each
experiment. Agglutinins used were anti-A and anti-B sera and Ulex
europaeus lectin. The red blood cells used were A2, B, and O.
Linear logistic multiple regression1'2 was used to compare the ABO

blood group and secretor state categories of the study and control
groups. This also gave estimates and confidence limits for relative risk
of urinary tract infection between categories, x2 tests were used for
analysis of two-way frequency tables.

Results

No significant differences in the proportion of secretors or the
distribution of ABO blood groups were found between the two
diagnostic categories of patients with urinary tract infections; all 319
patients were considered as one group for comparisons with controls.
The table shows the distribution of different blood groups and
secretor state for the study group and for the smaller series of controls
in whom secretor status had been determined. For the study group,
the table shows also the ratios of observed prevalences to those
expected from the pattern found in controls.

Distribution of blood groups in study group and in two groups of controls, those
in whom secretor slate was determined (group 1) and those in whom it was
unknown (group 2) (numbers in parentheses are ratios of distribution found in
study group to that expected from control data)

Blood group

O A B AB

Control group 1 (n = 334):
Secretors
Non-secretors

Study group (n = 319):
Secretors
Non-secretors

Control group 2 (n = 6662)

124 74 35 12
49 30 7 3

110 (0-93) 63 (0-88) 32 (0-96) 7(0-64)
52 (1 11) 28 (0 98) 18 (2-69) 10 (3-49)
3323 2410 715 214

To test the dependence of risk of urinary tract infection on ABO
blood group or secretor state, a linear logistic multiple regression was
carried out on the two samples. This examines the influence of the
three main effects (anti-A, anti-B, and secretor state) and their inter¬
actions on the proportion of subjects with urinary tract infection, using
approximate yf tests. Presence or absence of anti-A was found not to
have a significant effect, but there was a significant interaction between
the anti-B and secretor effects; subjects lacking both anti-B and
secretor substance—that is, those of blood groups B and AB who are
non-secretors—had a higher risk of recurrent urinary tract infection,
whereas subjects lacking only one of these two did not differ signifi-
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cantly in risk from those with both factors present. Thus the data fit
extremely well (-/2=T86, 6 df) to a model in which the non-secretor
in blood groups B and AB have a highly significant excess risk
(y_2 = 912, 1 df, p<0-01) over all other types. The relative risk of
urinary tract infection for these subjects as compared with other
types was estimated as 312, with 95% confidence limits of 1-49 and
6-52. This appears to be a genuine example of synergy with absence
of both anti-B and secretor substance being necessary to give an
increased risk of urinary tract infection. The ratios of observed to
expected prevalence in the table show this finding clearly, with only
those for non-secretors in blood groups B and AB differing substantially
from unity.
The larger series of controls (in whom only ABO group and not

secretor state was known) did not differ significantly from the smaller
series in their blood group frequencies, but showed a highly significant
difference (/2 = 16-34, 3 df, p <0-001) from the patients with urinary
tract infections (table) (14% in blood groups B and AB v 21%). This
confirms previous findings and is consistent with the suggested model
in which non-secretors in blood groups B and AB have an increased
likelihood of recurrent urinary tract infection. The proportion of
anti-B negative patients in the study group is inflated by the excess
prevalence of those who are also non-secretors, even though anti-B
negative secretors are not at a higher risk. Thus, absence of anti-B
when considered alone shows a significant risk relative to presence of
anti-B (95% confidence limits of 1-24 and 21-7 (table)). This risk is
lower than the threefold increase in risk found for non-secretors in
blood groups B and AB, because the anti-B negative group is "diluted"
with anti-B negative secretors.

Discussion

The highly significant excess of non-secretors in blood groups
B or AB in the study group strongly suggests a synergistic link
between the absence of anti-B isohaemagglutinin and secretor
substances and an increased risk of recurrent urinary tract
infection in women. In the controls the prevalence of non-
secretors of 26-6°,', reflects an increased incidence of non-
secretors found in Scottish and Irish ethnic groups compared
with that reported for other regions in the United Kingdom.13
This highlights the need to use local control groups in surveys
of this nature.

The association of infections with ABO blood group and
secretor state1 9 has led to investigation of the mechanisms
concerned.6 14 15 Many bacteria cross-react with ABO blood
groups.14 '20 Drach et alla found A and B blood group activity in
47% of 34 urinary tract pathogens. Isohaemagglutinins may have
an important protective role against these cross-reacting
bacteria.15 19 Our finding that individuals of blood groups B and
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AB with no anti-B isohaemagglutinins are more susceptible to
urinary tract infection is interesting in that Drach18 20 found
antigens like those of blood groups A and B on urinary tract
pathogens, often with both group A and group B activity on the
same bacterium. These workers noted that anti-B titres were

sometimes raised in the disease but anti-A ones were not,
suggesting that the antigen to blood group A was less immuno¬
genic on the bacteria or that there were deficiencies in recognition
of antigens of blood group A. Springer et al's found E coh 086
B:7 to be highly interactive with the blood group: thus growth
was retarded in the presence of anti-B sera; if complement was
added a bactericidal reaction ensued. Isohaemagglutmins may
also interact with blood group like antigens on bacterial cell walls
to inhibit attachment to uroepithelial or periurethral cells. Thus
persons capable of producing anti-B isohaemagglutinins may have
a greater degree of protection against urinary tract infection. In
general, the extent of bacterial cross-reaction with ABO blood
groups suggests that a selective advantage linked to ABO blood
group might operate in combating infections.
Secretor state is associated with certain differences in immuno¬

globulin concentrations in that anti-B serum IgA and (in white
people) serum IgG concentrations are lower in non-secretors
than in secretors.21 22 This suggests that non-secretors may have
less effective immune protection than secretors and is consistent
with our findings that non-secretors were more susceptible to
recurrent urinary tract infection. This probably entails the
participation of other factors, and the finding that excretion of
blood group substances in urine is an active process in the kidney
and not a simple filtration process23 suggests that these substances
may have a protective part to play in secretions. Boat et al2'
found that ABH blood group substances of saliva inhibited
haemagglutination of influenza B virus and suggested that some
of these substances may interfere with access of influenza virus
to binding sites. One of the protective roles of these blood group
substances may be their ability to occupy or in some way
interfere with binding sites either on the bacterium or on the
epithelial cell with possible effects on bacterial colonisation and
subsequent invasion and infection; this appeared to be the case
in our studies on diabetic mice.25
Determination of blood groups and secretor state may provide

additional information in identifying individuals who are at
risk. In children under the age of 5 the combination of infection
and vesicoureteral reflux predisposes to renal scarring.26 Few if
any tests are available for providing prognostic information for
adults with a normal urinary tract and a history of recurrent
infection. Blood group and secretor state may be of relatively
minor importance in relation to all other aspects of susceptibility.
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Nevertheless, it may be worthwhile for the clinician to take
account of ABO and secretor state in addition to already
established factors in the assessment of patients with urinary
tract infection when considering their long-term susceptibility
and management. Meanwhile, there is a good case for research
workers concerned with mechanisms of microbial pathogenicity
to add this consideration to an extending list of host factors that
bear on host-parasite interactions.

This work was supported by grant K/MRS/50/C22 from the
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PHAGOCYTE RECOGNITION OF

NEISSERIA GONORRHOEAE

D. F. Kinane, C. C. Blackwell, D. M. Weir and F. P. Winstanley
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Edinburgh EH8 9AG, Scotland, UK
(Received 15 February 1982)

SUMMARY Human monocytes show an increased ability to bind pilate rather than non-pilate
gonococci. Polymorphonuclear leucocytes (PMN) do not discriminate between pilate and non-pilate
variants. PMN, however, bind appreciably more gonococci (either pilate or non-pilate) than
monocytes. The results help to explain the role of pili on gonococci as virulence factors and in the
immune response.

itroduction Materials and Methods

ttachment of Neisseria gonorrhoeae to mucosal cells
id their subsequent invasion are the initial steps in
e establishment of gonococcal infection. When the
ganisms have penetrated the mucosal barriers, the
itcome then largely depends on their interaction with
lagocytic cells. Attachment and uptake by polymorpho-
lclear leucocytes (PMN) may lead to destruction of the
ganism. Attachment to macrophages is likely to lead to
itiation of an immune response by presentation of
icrobial antigen to the lymphoid cells. The interaction
itween phagocytes and bacteria is clearly an important
:terminant in the pathogenesis of the disease. Binding
the phagocyte membrane is dependent on the presence

appropriate adhesin receptor interactions between
icteria and phagocytes (1).
The virulence of N. gonorrhoeae has been linked with
trticular colonial types, pilate types Tt and T2, but not
ith non-pilate types T3 and T4 (2). Pilate gonococci
ive been found to adhere more efficiently to certain
iman tissues than non-pilate organisms, e.g. epithelial
lis (3), sperm cells (4), buccal cells (5), erythrocytes (3)
id tissue culture cells (6, 7). No difference in binding to
MN has been observed with pilate and non-pilate
inococci (7, 8); attachment of gonococci to PMN
ipears to be mediated by another surface component,
ie leukocyte association factor (9).
In view of the different roles PMN and macrophages
ay in host defence, we sought differences in the ability

"

these cells to bind pilate and non-pilate gonococci
cently isolated from an infected patient.

irrespondence: Dr. D. M. Weir, Reader, Immunology Laboratory,
:partment of Bacteriology, University Medical School, Teviot Place,
linburgh EH8 9AG, Scotland, UK.

Bacterial Strain
Neisseria gonorrhoeae strain E757, recently isolated from a patient

attending the Department ofGenitourinary Medicine was used through¬
out these experiments. Opaque colony types 2 (T2) and 3 (T3) were
differentiated with a Zeiss stereoscopic microscope with a double
system of substage lighting and selectively subcultured and maintained
on Difco GC base supplemented as described by Young (10) (GC agar).
T2 and T3 growths, with more than 95 % of the colonies stable, were
employed/Bacteria were harvested from GC agar plates at 14-16 hr,
suspended in Dulbecco's phosphate buffered saline (D.PBS) by gentle
pipetting, washed and finally re-suspended gently in D.PBS. The pili
were sheared by vortexing a suspension of gonococci in D.PBS with a
Rotamixer Deluxe (Hook and Tucker Ltd., England) at maximum
setting for 5 min.
Grids negatively stained with phosphotungstic acid were examined

by electron microscopy (Hitachi HU12A). This confirmed the presence
of pili on type 2 gonococci and their absence on type 3 and vortexed
type 2 and 3 gonococci (3,11).
Bacterial concentrations were determined at E650 nm on a CE292

spectrophotometer (Cecil Instruments, Cambridge, England) by
reference to standards enumerated by microscope counts with a

counting chamber. Dose response experiments indicated that the
optimal concentration of gonococci for these assays was 108 organisms/
ml and this concentration was used throughout.

Phagocytes
BloocT from healthy donors with no history of gonorrhoea was

collected in plastic tubes containing 10 units of heparin ml-1. Mono¬
cytes and PMN were separated on Ficoll-Hypaque cushions (Ficoll,
Pharmacia, London)—specific gravity 1 078—according to the method
of Boyum (12). After the interface cells (monocytes and lymphocytes)
were collected, the pellet containing granulocytes and red blood cells
was re-suspended in 0-82% ammonium chloride to lyse the erythrocytes
(13). The separated cells were finally washed twice with D.PBS.

Preparation ofMonolayers
PMN and monocytes were re-suspended in Eagle's minimum essential

medium (MEM) without serum, buffered at pH 7-3 with HEPES (final
concentration, 30 mM; Wellcome Research Laboratories, Beckenham),
and supplemented with penicillin/streptomycin (final concentration,
100 u.mP1 of each) and glutamine (final concentration, 2 mM) to give

41-2760/82/1200-0169 S03.50 © 1982 TEVIOT SCIENTIFIC PUBLICATIONS 169



a total cell count of 2x l05/ml. Aliquots (1ml) of the above cell
preparations were layered onto 13 mm diameter (No. 1) glass coverslips
in tissue culture plates 16 mm well diameter; (Costar, 295 Broadway,
Cambridge, Mass.) and incubated for 1 hr at 37°C to allow adhesion.
Non-adherent cells were removed by repeated washing with D.PBS.

Binding Assay
Coverslips were overlaid with 1 ml of gonococci in D.PBS containing

Ca++ and Mg++ ions (0-9 mM and 0-5 mM, respectively) and
incubated for: (1) 30min at 37°C, and (2) 2hr at 4°C. Non-attached
organisms were removed by repeated washing with D.PBS. Coverslips
were air dried, fixed in methanol and stained with May Grunwald/
Giemsa. Bacterial binding was estimated by counting leucocytes with
bacteria attached at two or more discrete points. Duplicate coverslips
were used; for each coverslip, 200 leucocytes were counted and the
results expressed as the percentage of cells binding organisms.

Analysis ofResults
Statistical analysis of the results was by paired sample t tests.

Results

Attachment ofPilate and Non-pilate Variants
Figure 1 summarises the results of three experiments

comparing the attachment of pilate (T2) and non-pilate
(T3) gonococci to PMN and macrophages. There was no
significant difference in association of the two types to
PMN at either 4°C or 37°C (P > 0-5). The association of
T2 cells with monocytes was significantly greater than
that observed with T3 cells at both 4°C (P < 0-02)
and 37°C (P < 0 01). A significantly greater number of
PMN than monocytes bound both T2 and T3 gonococci
(P < 0-01) (table 1).

Effect ofRemoval ofPili
Figure 2 shows that the difference in binding of T2 and

T3 cells to monocytes illustrated in Figure 1 was abolished
by removal of pili from T2 cells by mechanical shearing.
While there was a slight overall reduction in binding of
gonococci to the phagocytes following shearing treatment
(table 2), there was still a significantly greater number of
PMN than monocytes binding gonococci (P < 0 05).

Comparison of4°C and 37°C Assays
The results for the assays done at 4°C represent

attachment only as the monocytes and PMN do not
phagocytose at this temperature. The 37°C assays are for
attachment and phagocytosis, i.e. association. Differentia-

NEUTROPHILS

# = 37 C for 30 min

O = 4°C for 2 hr.

MONOCYTES

t3
n-pilate

Fig. 1. Association of pilate (T2) and non-pilate (T3) gonococci with
PMN and monocytes at 37°C and 4°C. Each point represents the mean
of three experiments.

tion between phagocytosis and attachment was not done,
but the general trends in phagocyte/gonococcal associa¬
tion at 4°C and 37°C were consistent and suggest that the
type of attachment seen at 4°C also occurs at physio¬
logical temperatures at which phagocytosis also occurs.

Discussion
These results indicate that the recognition of N.

gonorrhoeae by PMN and monocytes differs. Our findings
agree with the observation of Swanson (7) that PMN do
not appear to discriminate in their ability to bind pilate
and non-pilate variants of the strain used. Monocytes, in
contrast, showed an increased binding of pilate organisms
similar to that observed for epithelial cells (3), sperm (4),
buccal cells (5), erythrocytes (3) and tissue culture cells
(6, 7).
Two roles have been suggested for pili in the establish¬

ment of gonococcal infection: (1) pili assist the organism
in attaching to the mucosa (6,. 14); and (2) pili increase

Table 1 Association of pilate (T2) and non-pilate (T3) gonococci with PMN and monocytes at 37°C and
4°C

N. qonorrhoeae
E757 Temperature

Percentage binding to

PMN Monocytes % difference P value

t2 37°C 9417 21-17 73 <0-01
4°C 97-33 23-67 64 <0-001

t3 37°C 93-17 7-00 86 <0-01
4°C 92-17 6.50 86 <0-01
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Table 2 Effect of loss of pili on association of gonococci with PMN and monocytes at 37°C and 4°C

N. gonorrhoeae
E757 Temperature

Percentage binding to

PMN Monocytes % difference P value

T2 (vortexed) 37°C
4°C

T3 (vortexed) 37°C
4°C

75-67

61-67
70-25
58-58

10-25

6-33
8-33
9-33

65

55
62

49

<0-02
<0-05

<0-05
<0-05

too i-

NEUTROPHILS

3 O = 4°C for 2 hrs

40 -

MONOCYTES

20 -

(vortexBd) (vortexed)

Fig. 2. The effect on binding of both T2 and T3 gonococci to PMN
and monocytes following mechanical shearing treatment of the gono¬
cocci. Each point represents the mean of three experiments.

gonococcal resistance to phagocytosis by PMN (3, 15,
16, 17). Our findings suggest a third role in conjunction
with the hypothesis of Novotny and his colleagues (1977)
that "gonorrhoea appears to be a specific disease of
human macrophages".
Novotny and his colleagues observed "infectious units"

of gonococci in electron micrographs of pus from
more than 70 infected individuals. These are clusters of
organisms that appear to be undamaged and in an
;xponential growth state. Surrounding the gonococci is a
:oat made up of granules and remnants of mitochondria
that are thought to be derived from macrophages. There
is evidence, from labelled antibody studies, to suggest
that the dense accumulation of granules protects the
gonococci from humoral defences. These granular coats
also seem to allow the gonococci to go unrecognised by
phagocytic cells as long as the coat remains dense.
According to Novotny's hypothesis, a host is infected

with both free non-multiplying gonococci and multi¬
plying gonococci in the protective infectious units. The

multiplying organisms infiltrate the mucosa and sub-
mucosa of the genitourinary tract. Free gonococci phago-
cytosed by PMN are destroyed, but those ingested by
monocytes are believed to interfere with regulation of the
phagocytic cell and multiply within it. This results in the
destruction of the monocyte, the remnants of which
surround the gonococci to form a new infectious unit.
The results of the present study encourage us to postulate
that the presence of pilar antigen on the gonococcal
surface is a virulence factor that increases the probability
of the bacteria becoming attached to and subsequently
phagocytosed by monocytes.
The large difference we have shown in binding of gono¬

cocci (whether pilate, non-pilate or vortexed) between
PMN and monocytes is most striking and contrasts with
work done on Staph, albus in our department; in the
staphylococcal studies, binding to PMN and monocytes
showed no differences (19). Our results with gonococci
may also provide an explanation for gonorrhoeal recur¬
rence additional to the theory of broad heterogeneity
of the gonococcal antigens (20, 21, 22). An ineffective
immune response to gonococcal infection may be
explained by the much greater ability of PMN to take up
the organism in comparison with the smaller numbers
that are recognised and taken up by monocytes. If
these are largely incorporated into "infectious units" and
survive, the presentation of gonococcal antigen by the
monocytes to the lymphocytes will be reduced in com¬

parison with other types of antigens. Pili are not readily
demonstrated on gonococci in human tissues (23, 24). If
proteolytic enzymes in pus and tissues remove these from
the surface of the organism, the probability of attachment
to monocytes would be further reduced. As pili seem to
enhance attachment to epithelial cells and macrophages,
loss of pili would be likely to limit colonisation and to
reduce the possibility of the development of infectious
units in macrophages with a consequent reduction in
virulence.
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Blood group, secretor status, and susceptibility to
infection by Neisseria gonorrhoeae
D F KINANE, C C BLACKWELL, F P WINSTANLEY, AND D M WEIR
From the Department ofBacteriology, University ofEdinburgh Medical School, Edinburgh

SUMMARY To determine whether the presence or absence of anti-B isohaemagglutinin in
individuals of blood group B increases their susceptibility to gonococcal infections 567 new patients
attending a sexually transmitted disease clinic were screened for blood group and secretor status. Of
the patients with blood group B, 20-1% had gonorrhoea and 12% had not. A higher percentage
(20 • 9%) of patients with no anti-B isohaemagglutinin had gonorrhoea compared with those without
(12-1%). There was, however, no synergy between the absence of anti-B isohaemagglutin and non-
secretion of water-soluble blood group B antigen. Further research is needed to determine the
underlying host-parasite interactions responsible for the increased susceptibility to gonorrhoea in
these individuals.

Introduction

Over the past six years there have been reports of
increased susceptibility of individuals of blood group
B to infection with Neisseria gonorrhoeae.12 Foster
and Labrum1 suggested that the presence or absence of
anti-B isohaemagglutinin may be the causal factor for
the reported increase in susceptibility to gonorrhoea of
individuals with blood group B. In a recent study we
found that individuals of blood groups B and AB —

that is, those with no anti-B isohaemagglutinin — who
were also non-secretors of blood group antigen were
significantly more susceptible to urinary tract infec¬
tion.3 To determine whether there is a synergistic
effect between those two host factors and sus¬

ceptibility to gonococcal infection we screened
patients attending a department of genitourinary
medicine for blood group and secretor status, and we
related the data to the occurrence of gonorrhoea in
these patients.

Patients and methods

During a three-month period all new patients
attending the department ofgenitourinary medicine at
the Royal Infirmary, Edinburgh, were asked to
provide a specimen of blood and saliva for determina¬
tion of blood group and secretor status.

Address for reprints: Dr D F Kinane, Department of Bacteriology,
University of Edinburgh Medical School, Teviot Place, Edinburgh
EH8 9AG
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Control data for blood group frequency were
available for 6662 donors from the same geographical
area.4 Secretor status control data were produced by
testing 334 plasma specimens from blood donors in the
survey area.

SCREENING PROCEDURES

Blood from each patient was collected at the clinic and
stored in heparinised tubes. The saliva from each
patient was boiled for 20 minutes, centrifuged at
500 x g for 10 minutes and the supernate stored briefly
at 4°C until tested for the presence of blood group
antigen.
Blood group was determined by agglutination tests

in plastic wells (WHO plates). Secretor status was
determined as described by Mollinson5 with saliva or
plasma samples. Samples of saliva or plasma from
secretors and non-secretors representative of the four
blood groups were used as controls for each experi¬
ment. Agglutinins used were anti-A and anti-B sera
and Ulex europaeus lectin. The red blood cells used
were of groups A,, B, and O. The Blood Transfusion
Service, Royal Infirmary, Edinburgh, kindly supplied
the reagents for blood grouping and determination of
secretor status and also performed random
verification tests on 50 selected saliva samples and 46
plasma samples.

Results

The distribution of blood groups of patients with and
without gonorrhoea and of the controls is given in
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rABLE I Distribution of ABO blood groups in 567 patients with and without gonorrhoea and controls

45

Culture resultsfor N gonorrhoeae

Blood group No (%J negative No (%) positive Tola! No (%) ofpatients No (%) ofcontrols4
D 247(50-3) 35(46-1) 282(49-7) 3323(49-9)
3. 176(35-8) 23(30-3) 199(35-1) 2410(36-2)
3 59(12-0) 16(21-1) 75(13-2) 715(10-7)
3B 9(1-8) 2(2-6) 11(1-9) 214(3-2)
fotal 491(99-9) 76(100-1) 567(99-9) 6662(100-0)

able I. The blood group frequencies of the controls
ind the total number of patients attending the clinic
howed no significant differences (x2 = 5-864,
>X)-1). The frequency of blood group B in these
>atients with gonorrhoea was 21-1% compared with
2% in those without. This difference was not,
lowever, significant (x2 = 5-103, pXEl). When the
requency of blood group B in the patients with
;onorrhoea was compared (21 ■ 1%) with that of the
ontrols (10-7%) the difference (x2 = 8-404,
K0-05) was significant.
The effect of the presence or absence of anti-B on

usceptibility to gonorrhoea is shown in table II. A
ligher percentage (20- 9°/o) of patients with no anti-B
iohaemagglutinin had gonorrhoea compared with
hose with anti-B isohaemagglutinin (12-1%)
X2 = 4-947, p<0-05). Using the relative risk method
ifWoolf* we found that the relative risk ofgonorrhoea
/as 1-93 for individuals without anti-B isohaem-
gglutinin. This means that they are 93% more
usceptible to gonorrhoea than persons with anti-B

iohaemagglutinin.

The distribution of secretor status for patients with
nd without gonorrhoea and controls is given in table
II. No significant differences were noted between the
atal patients and the controls (x2 = 0-917, p>0-1) nor
etween those patients with and without gonorrhoea
X2 = 0■ 168, pX)-5).

able ii Analysis of data from table I by presence or
bsence of anti-B isohaemagglutinin

Culture results for
N gonorrhoeae

No (%) No (%)
nti-B negative positive Total

resent (O and A) 423(87-9) 58(12-1) 481(100)
bsent (B and AB) 68(79-1) 18(20-9) 86(100)
otal 491 76 567

Discussion

Our findings confirm those of others12 that
individuals of blood group B are more susceptible to
gonococcal infection and further suggest that the
absence of anti-B isohaemagglutinin is important.
An increase in the number of non-secretors among

patients with gonococcal infections had been
predicted, but this was not observed. Although there
was a significant increase in the number of blood
group B individuals among the infected patients, there
was no synergy between the absence of anti-B iso¬
haemagglutinin and non-secretion of water soluble
blood group B antigen comparable to that found in
patients with urinary tract infections.3
The underlying host-parasite interactions respon¬

sible for the increased susceptibility of individuals with
no anti-B isohaemagglutinin to gonococcal infection
are not yet known; they appear, however, to differ
from those involved with other Gram-negative,
urinary tract pathogens. Accordingly, we are currently
investigating the role of anti-B isohaemagglutinin in
normal human serum acting as an opsonin or as
bactericidal antibody, gonococcal interactions with
human phagocytic cells of the different blood groups,
and differences in the attachment of gonococcal
strains to epithelial cells from individuals with
different ABO blood groups.

We are most grateful to Dr D H H Robertson and his
colleagues in the department of genitourinary
medicine, Royal Infirmary, Edinburgh, for their
assistance in the collection of blood and saliva
specimens, to Dr H Young for the results of bacterio¬
logical investigations, and to Dr R A Elton for
assistance with the statistical analysis of our data. We
also thank Professor J G Collee for his advice in

able in Distribution of secretor status for patients with and without gonorrhoea and controls

?cretor status

Culture results forN gonorrhoeae

No (%) negative No (%) positive Total No (%) ofpatients No (%) of controls

jcretor 344(70-1) 55(72-4) 399(70-4) 245(73-4)
on-secretor 147(29-9) 21(27-6) 168(29-6) 89(26-6)
otal 491(100) 76(100) 567(100) 334(100)
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ABO BLOOD GROUP AND SUSCEPTIBILITY TO

GONOCOCCAL INFECTION. I. FACTORS AFFECTING

PHAGOCYTOSIS OF NEISSERIA GONORRHOEAE

C. C. Blackwell, M. Kowolik*, F. P. Winstanley, D. F. Kinane, D. M. Weir, J. A. Law and Y. L.
Ho Wang Chok

Department of Bacteriology, University of Edinburgh Medical School, Teviot Place, Edinburgh, and
*Department ofOral Medicine, University ofEdinburgh, U.K.
(Received 24 June 1982)

SUMMARY The effect of opsonization of Neisseria gonorrhoeae by isohaemagglutinins from normal
serum on attachment to human polymorphonuclear leukocytes (PMN) was investigated. No significant
differences between sera from blood groups O, A, B or AB were found. Differences in attachment of
gonococci were related to differences in lipopolysaccharide detected by sensitivity to R-type pyocines of
Pseudomonas aeruginosa. Non-pilate variants of each test strain markedly stimulated nitroblue tetra-
zolium (NBT) reduction in PMN, but their pilate variants were essentially inactive in the NBT test.

ntroduction

?he establishment of an infection by Neisseria
•onorrhoeae depends on a variety of factors including the
.bility of the bacteria to attach to the appropriate target
ells, their uptake and destruction within phagocytic
ells, and the effects of serum components on their via-
>ility and opsonization. A higher incidence of gonor-
hoea among individuals of blood group B has been
eported (1, 2), and a theoretical explanation is that the
inti-A isohaemagglutinin characteristic of B serum may
>e less effective as an opsonin than the anti-B isohaemag-
;lutinin which occurs in the sera of persons of groups A
.ndO(l).
In this study we have investigated the effects of isohae-

nagglutinins in the sera of individuals of groups A, B, AB
ind O on the attachment to polymorphonuclear leuko-
ytes (PMN) of gonococcal strains with different cell
nvelope characteristics. The effects of differences in
>acterial cell envelope structure and composition as re-
lected by variation in complexity of pyocine receptors of
he lipopolysaccharide (LPS) (3) have been examined as
actors that may affect attachment of non-opsonized
>acteria to the PMN membrane or the subsequent
ihagocytosis and killing of the bacteria.
In an earlier study with one of the strains used here we

lave shown that human PMN do not discriminate in
heir binding ability between pilate and non-pilate
'ariants of the strain of N. gonorrhoeae tested (4),
hough these variants differ in their infectivity. Either (1)
he binding mechanism studied does not reflect a more

Zorrespondence: Dr. C. C. Blackwell, Department of Bacteriology,
Jniversity Medical School, Teviot Place, Edinburgh.

significant surface event in vivo, or (2) intracellular events
within the PMN significantly determine the outcome of
the challenge. To assess the effects of variation in the cell
surface of the organism on the metabolism of the PMN
with implications for the survival of the gonococci, we
have tested the NBT response induced by pilate and non-
pilate variants of various pyocine types.

Materials and Methods

Bacteria

The isolates ofN. gonorrhoeae used are listed in Table 1. Strains 9 and
F62 are laboratory cultures; and strains 7422 and 7502 from dissemin¬
ated gonococcal infection were obtained from Dr. Joan S. Knapp, Neis¬
seria Reference Laboratory, United States Public Health Service,
Seattle, Washington. Eight others are clinical isolates from patients
attending the Department of Genito-Urinary Medicine, Royal
Infirmary, Edinburgh. The pyocin types of these isolates were deter¬
mined by the method previously described (3). Pilate colony type T1
and non-pilate colony type T4 variants of these strains were differen¬
tiated with a Zeiss stereoscopic microscope with a double system of
substage lighting and selectively subcultured and maintained on Difco
GC agar base supplemented as described by Young et al. (5). Bacteria
were harvested from these plates at 14-16 hr, suspended in Hanks'
balanced salt solution (HBSS) by gentle pipetting, washed and finally
resuspended in HBSS.

Sera

Serum from individuals of groups A, B, O and AB with no history of
gonorrhoea was stored at — 20°C in 0-5 ml aliquots and thawed
immediately before use. For some experiments sera inactivated by
heating at 56°C for 30 min were used.

Phagocytosis Assay
Blood was collected from a healthy group O donor with no history of

gonorrhoea. Volumes of blood (7 ml) were collected in heparinized
(lOiu/ml) plastic tubes to which 2 ml of 5 % dextran (Sigma Chemicals)
in phosphate buffered saline (PBS) pH 7-2 was added.
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Table 1 Pyocin types of N. gonorrhoeae strains

R1 strain
Unclassified

strain R2 strain R3 strain R5 strain
i\. gonurrnueue

strain ISD 2285 IS4 IS6 IS8 R205 9579 ISB R21 430 ISE ISA ISC

Group I
E757 - - - - - - + - - - - + ±
M9131 - - - - - - + - - - - + +

7502 - - - - - - - - - - - ± -

Group II
F62 + ± + + + + + - - - - + +

9 + - + + + + + - - - - + +

M8865 + ± + + + + + - - - - + +

E760 + - + + + + + - - - - + +

P152 + - + + + + + - - - - + +

M6967 + - + + + + + - - - - + +

7422 + - + + + + + - - - - + +

4- inhibition.
+ inhibition with some growth.
— no inhibition.

Erythrocytes were sedimented at 37°C and the leukocyte rich portion
was centrifuged at 380 g for lOmin. The leukocytes were washed twice
with heparinized saline and suspended in HBSS. The cell suspension
was counted in a haemocytometer and the concentration adjusted to
approximately 107 PMN/ml.
Bacterial suspensions (approximately 108/ml) were prepared in

HBSS. The numbers of viable organisms in suitable dilutions in HBSS
were determined by colony counts on GC agar.
The phagocytosis assay was essentially as described by van Furth and

co-workers (6). Leukocytes (107/ml) and bacteria (108/ml) were mixed
in equal volumes in plastic tubes with 0-2 ml (10%) of the appropriate
serum and incubated at 37°C with rotation (16 rev/min). Aliquots of
0-4 ml were removed at 0, 10 and 30min and added to 10ml ice cold
HBSS to prevent further phagocytosis. The leukocytes were sedimented
by centrifugation at 380 g for 10 min.
Bacterial suspensions were opsonized for 30 min with serum 10%

(v/v) from a healthy individual of blood group A, B or O with no history
of gonorrhoea. For the control, the serum was replaced by HBSS.
For tests at each time interval, 0-5 ml samples of the pelleted leuko¬

cytes were spun onto glass slides in a cytocentrifuge (Shandon Elliot
Cytospin) at 500 rpm. The slides were then studied by light microscopy.
The number of leukocytes containing bacteria in vacuoles or adherent
to the cell surface were expressed as a percentage of the 200 leukocytes
counted. The number of bacteria per cell were calculated as a mean of 10
counts.

Nitroblue Tetrazolium Reduction (NBT)
The NBT reduction was assayed as previously described (7) with

PMN and bacteria from the phagocytosis experiments. For the stimu¬
lation test, 0-5 ml of the saline dextrose solution was replaced by an

equal volume of a suspension of the N. gonorrhoeae strain being tested.
Percentage positive counts (i.e. cells containing formazan deposits) were
made of the preparations and the mean of 10 counts compared statis¬
tically by a paired f-test with the unstimulated control cells performed
at the same time.

Attachment Experiments
Blood from healthy donors with no history of gonorrhoea was col¬

lected in plastic tubes containing 10 units of heparin ml-1. Monocytes
and PMN were separated on Ficoll-Hypaque cushions (Ficoll, Phar¬
macia, London; specific gravity 1-078) by the method of Boyum (8).
After the interface cells (monocytes and lymphocytes) were collected,

the pellet containing granulocytes and red blood cells was resuspended
in 0-8 % ammonium chloride to lyse the erythrocytes (9). The separated
cells were finally washed twice with Dulbecco's phosphate buffered
saline (DPBS) pH7-2. PMN were resuspended in Eagles' minimal
essential medium (MEM) without serum, buffered with HEPES at
pH7-3 (final concentration, 30mM; Wellcome Research Laboratories,
Beckenham), and supplemented with penicillin/streptomycin (final con¬
centration lOOpml"1 of each) and glutamine (final concentration,
2mM) to give a total cell count of 2x 105 (3 ml). Aliquots (1ml) of
the above cell preparations were layered onto glass coverslips 13 mm
diameter in tissue culture plates with wells of 16mm diameter (Costar,
295 Broadway, Cambridge, Ma.) and incubated for 1 hr at 37°C to
allow adhesion. Non-adherent cells were removed by repeated washing
in DPBS.

Coverslips were overlaid with 1ml of gonococci (5xl08/ml) in
DPBS containing Ca+ + 0-9 mM and Mg+ + 0-5mM and incubated for
(a) 3hr at 4°C, or (b) 30 min at 37°C. Non-attached organisms were
removed by repeated washing with DPBS. Coverslips were air-dried,
fixed in methanol and stained with May Griinwald/Giemsa. Bacterial
binding was estimated by counting leukocytes with bacteria attached at
two or more discrete points. Duplicate coverslips were used; for each
coverslip, 200 leukocytes were counted and the results expressed as the
percentage of cells binding organisms. The percentages of leukocytes
with 1,2-3,4-5, 6 or 6 bacteria per cell were also determined.

Fresh" normal sera were obtained from the same healthy donors of
blood groups A, B, O and AB from whom the leukocytes were isolated.
A portion of each serum was inactivated at 56°C for 30 min. The effect of
opsonization on attachment was assayed as above by preincubating the
bacterial suspensions with 0-1 ml of the homologous heat-inactivated
serum with 0-9 ml of bacteria in HBSS before they were added to the
phagocytic cells.

Results

Isohaemagglutinins as Opsonins
Sera from individuals of blood groups A, B or O were

used as a source of isohaemagglutinins; the control con¬
tained HBSS instead of serum. The titres of isohaemag-
glutinin were 256 for anti-A and anti-B in the B and A
individuals respectively and 64 for anti-A and 32 for anti-
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Fig. 1. Phagocytosis of N. gonorrhoeae
strains opsonized with A, B, or O
serum. #: no serum, O: A serum, A: B
serum, X: O serum.

Minutes

Strain No.7502

in the O individual. Figure 1 shows the effect of these
irious sera on attachment and phagocytosis (i.e.
sociation) of various strains of gonococci at 37°C...
The figure shows that association was independent of
e presence of the isohaemagglutinins; the variations
tserved were dependent on strain differences. The
rains included a laboratory strain (F62) subcultured for
number of years that showed the highest degree of
sociation; a freshly isolated clinical strain (M6967);
id two strains isolated from patients with disseminated
mococcal infection (7422 and 7502).

ttachment to PMN of Strains with Different Lipopoly-
ccharide Composition Determined by Pyocin Type
The strains used can be subdivided according to the
implexity of their LPS as defined by sensitivity to R-
pe pyocins. Group I strains can be simply regarded as
nsitive to the pyocins that attach to LPS structures
:arest the cytoplasmic membrane, whereas group II
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i E757 T1GONOCOCCAL
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PI52 T4,

strains are sensitive to the same pyocins as group I and
also to additional ones that attach to LPS components in
positions more distal from the cytoplasmic membrane. A
clinical isolate of group I (E757) and one of group II
(P152) were examined for their ability to attach to PMN
from individuals of blood groups A, B, O and AB. At 4°C
and 37°C (data not shown) in the absence of homologous
serum, the group II organisms with the more complex
LPS associated with larger numbers of PMN than the
group I organism (fig. 2). The same differences in
association were apparent between the two groups when
the bacteria were preincubated with homologous heat-
inactivated serum (data not shown).
The numbers of gonococci associating with individual

PMN were determined for organisms of both groups (figs.
3 and 4). More bacteria of group II than group I were

Group I Group II

No. of gonococci/
PMN

BLOOD GROUP

g. 2. Association of pilate and non-pilate variants with PMN from
ETerent blood groups at 4°C in the absence of serum.

Fig. 3. Numbers of pilate gonococci of group I associated with indivi¬
dual PMN of different blood groups at 4°C in the absence of serum.
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Pilate (Tl)
I

Table 3 The effect of pilation on NBT reduction with gonococci of
group I and group II (percentage PMN containing formazan)

No. of gonococci/
PMN

BLOOD GROUP

csj -«r ® a h n

Mean percentage PMN containing
formazan (SE)

Strain

Number of
experiments

Unstimulated

(control)

*p <0-001.
t N.S.

Stimulated

(test)

Group I
E757 (T4) 2 3-8 (0-55) 24-2 (4)*
non-pilate
E757 (Tl) 2 3-8 (0-55) 7 (4-5)t
pilate
Group II
F62 (T4) 1 10-6 25-9*

non-pilate
F62 (Tl) 1 10-6 10-6t
pilate
E760 (T4) 5 6 (2-2) 27-6 (6-6)*
non-pilate
E760 (Tl) 5 6 (2-2) 11-3 (3)t
pilate

Fig. 4. Numbers of pilate gonococci of group II associated with indi¬
vidual PMN of different blood groups at 4°C in the absence of serum.

associated with individual PMN (fig. 3). Similar patterns
were observed in the presence of homologous heat-inacti¬
vated serum at 4°C and 37°C, although fewer organisms
of either group attached at 4°C.

Factors Affecting NBT Reduction
Pilate and non-pilate variants of group I and group II

strains were assessed for their potential to stimulate NBT
reductase in PMN. Two strains of group I (M9131 and
E757) and 5 strains of group II (F62, M8865, M6967,
E760 and 9) were used. No differences in the number of
formazan-containing PMN were found in NBT tests with

Table 2 Stimulation of NBT reduction by non-pilate (T4) variants of
gonococci of groups I and II (percentage PMN containing formazan)

Mean percentage PMN containing
formazan (SE)

Number of Unstimulated Stimulated
Strain experiments (control) (test)

Group I
M9131 3 3-1 (0-62) 8-87 (2-8)
E757 2 3-8 (0-55) 24-2 (4)
Group II
F62 3 5-9 (11) 24-03 (2-11)
M6967 2 8-4 (2-9) 22-4 (0-5)
9 2 3-9 (1-5) 13-9 (2-1)
M8865 3 31 (0-62) 19-3 (2-1)
E760 5 6-0 (2-2) 27-6 (6-6)

non-pilate variants of the two groups (table 2). In con¬
trast, for each strain tested, the presence of pili resulted in
a significantly lower number of PMN-containing
formazan deposits compared to results obtained with its
non-pilate variant (table 3).

Discussion

We have tested the hypothesis proposed by Foster and
Labrum (1) that the observed excess of blood group B
individuals among patients with gonococcal infection
may indicate that the anti-B isohaemagglutinin is a more
effective opsonin than the anti-A isohaemagglutinin. We
were unable to demonstrate any significant difference in
the association of individual strains of N. gonorrhoeae
opsonized with fresh sera from healthy A, B, O or AB
individuals to PMN of the respective blood groups.
Our results indicate that differences in association of

gonococcal strains with PMN from A. B, O or AB indi¬
viduals was independent of the serum and paralleled dif¬
ferences in LPS composition as detected by the sensitivity
of the strain to R-type pyocins of P. aeruginosa (10, 3,11).
The strain of group II gonococci with the more complex
LPS was found to attach to a greater percentage ofPMN
than the strain of group I. The same pattern emerged
when the numbers of gonococci per individual PMN
were determined.
Differences in attachment of gonococci to PMN from

donors of all four blood groups appears to depend on the
LPS composition as determined by pyocin type, rather
than the presence of pili or opsonization by anti-B
antiserum.
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In contrast to our observations on association with
MN, we found no differences in the NBT test with
MN when non-pilate strains of either group I or group
were tested. Both groups were found to show an

icrease in number of formazan-containing PMN com-
ared with the control to which no bacteria were added,
esults for pilate variants of both groups were not signifi-
tntly different from the unstimulated controls.
Densen and Mandell (12) reported that in the presence
f serum, pilate and non-pilate gonococci of their test
rain F62 stimulated specific granule release measured
y the appearance of lactoferrin in the medium, and that
oth stimulated increases in oxidative metabolism. In

tntrast, Kreiger, Schiller and Roberts (13) reported a
linimal increase in glucose oxidation and oxygen con-
tmption of PMN to which pilate gonococci were
ttached compared with t!" ? marked increase found with
on-pilate gonococci. It must be noted that the latter
orkers were using a pilate strain and a non-pilate strain
btained from two different patients with disseminated
ifections. Our results in studies with pilate and non-
ilate variants of strain F62 and with isolates from
icalized genital infections support the findings of
ireiger et al. and not those of Densen and Mandell.
We conclude that in host parasite interactions between
MN of the four different blood groups and N. gonor-

xoeae, the surface characteristics of the bacteria detected
y the pyocin typing system are the major determinants
f recognition. These surface characteristics appear to
ave no effect on subsequent intracellular events that are
nked with the NBT assay. Our findings support pre-
ious reports (13, 14) that gonococcal cells with pili, cell
irface components associated with virulence, provoke
ss stimulation of intracellular bactericidal mechanisms
i human PMN than do non-pilate organisms. Although
ntibodies against pilar proteins are produced during
onococcal infection (15), electron microscopic studies of
lfected material have prompted debate about their
hysical presence on the bacteria in vivo (16, 17). It is
ossible, however, that proteases present in the tissue
uids and released by phagocytes may remove these
ructures.

The greater ability of group II gonococci with more
Dmplex LPS to adhere to PMN would be expected to
:t to the disadvantage of the organism in establishing
lfection. This would, however, be offset by any
dvantage such organisms would have in attaching to
roepithelial cells. Group II organisms are frequently
:covered from patients (3); thus, it will be necessary to
etermine if the differences in attachment to PMN
bserved for groups I and II are found also with
roepithelial cells. Pili are already known to play a part
i mediating such attachment (18, 19) but, the relative
antributions of pili and LPS are not yet established.
The present report has concentrated on gonococcal-
'MN interactions. Novotny and colleagues (20) have

proposed that gonorrhoea is a disease of human mono¬

cytes. Whether or not the presence of pili or differences in
LPS have any significance as determinants of suscepti¬
bility in individuals of different blood groups has not yet
been elucidated. As a result of the present study and our
previous findings (4) that pili are an important deter¬
minant for attachment to monocytes, investigations are
underway to examine various factors, of both host and
parasite, affecting recognition of gonococcal strains by
monocytes of different ABO blood groups.
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BLOOD GROUPS AND SUSCEPTIBILITY TO GONOCOCCAL

INFECTION.

II. THE RELATIONSHIP OF LIPOPOLYSACCHARIDE TYPE TO

GONOCOCCAL SENSITIVITY TO THE BACTERICIDAL

ACTIVITY OF NORMAL HUMAN SERUM

F. P. Winstanley, C. C. Blackwell, D. M. Weir and D. F. Kinane
Department ofBacteriology, University ofEdinburgh Medical School, Teviot Place, Edinburgh EH8 9AG, UK
(Received 2 August 1982)

SUMMARY This study examines the bactericidal activity of normal human sera from individuals of
blood groups A and B for gonococcal strains with simple and complex lipopolysaccharides (defined by
pyocin-sensitivity) isolated from localised and disseminated infection. The bactericidal activity did not
depend on A or B isohaemagglutinins. Resistance to normal human serum exhibited by strains from
localised infections appeared to be due to lack of part of the lipopolysaccharide antigen, whereas
resistance of strains from disseminated infection appeared to depend on a separate mechanism yet to be
defined.

troduction

dividuals of blood group B are especially susceptible
genito-urinary infections with Escherichia coli (1, 2)
d Neisseria gonorrhoeae (3,4, 5). There is evidence that
s anti-B isohaemagglutinin found in individuals of
aod groups A and O may play a role in host-protection
ainst infection by gram-negative bacteria (6).
In this study we investigated the sensitivity of a number
strains of N. gonorrhoeae with different lipopolysac-
aride (LPS) to "normal human serum" (NHS) from
dividuals of blood groups A and B to determine
tether anti-B isohaemagglutinin is involved in a non-
ecific host defence mechanism against gonorrhoea.
Previous work from this laboratory has indicated that
tachment of gonococcal strains to polymorphonuclear
ikocytes (PMN) varies according to differences in the
•ucture of the LPS (7) as detected by differences in
nsitivity to partially purified R-type pyocins of Pseudo-
mas aeruginosa (8). Since LPS is one of the major anti-
ns involved in bactericidal killing (9,10), strains of both
the pyocin-defined groups (7) were tested to determine
rether differences in LPS structure could be correlated
th differences in sensitivity to the bactericidal effects of
HS and conventional immune sera prepared in mice.

rrespondence: Dr. D. M. Weir, Department of Bacteriology
liversity of Edinburgh Medical School, Teviot Place, Edinburgh,
18 9AG.

Materials and Methods

Bacterial Strains
Ten gonococcal strains from localised infections were supplied by the

Department of Genito-urinary Medicine, Royal Infirmary of Edinburgh
(R.I.E.). Three /J-lactamase-producing strains were kindly supplied by
Dr. K. Shannon and Professor I. Phillips, St. Thomas's Hospital
Medical School, London, and two strains from disseminated infections
were obtained from Dr. Joan S. Knapp, Neisseria Reference
Laboratory, United States Public Health Service, Seattle, Washington.
All strains, together with the grouping based on pyocin sensitivity (7)
are listed in Table 1. They all conformed to the morphological and
biochemical characteristics of JV. gonorrhoeae and were of colony type 4
(11).

Culture
Strains were cultured on Modified New York City (MNYC) medium

(12) at 37°C in a humidified incubator with 10% COz in air.

Isolation ofPyocin-resistant Mutant
Colonies growing within a zone of inhibition produced by pyocin IS8

were isolated and re-typed. One mutant strain (P280p), sensitive to
Kageyama group R5 pyocins only, was used in the study.

Preparation of Immunising Antigens
An 18-hr growth of gonococci was harvested from MNYC plates

with sterile cotton swabs and suspended in 0-01M phosphate-buffered
saline (PBS) pH7-2. An equal volume of PBS containing 2-4%
formaldehyde was added to the suspension which was stored overnight
at 4°C. The formaldehyde-treated organisms were centrifuged at 900 x

g for 1 hr and resuspended in PBS containing 0-01 % formaldehyde to
the opacity of Brown's Tube No. 3 as judged by eye (13). This is equi¬
valent to 11 x 109 gonococci/ml (14).
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Table 1 Pyocin type of gonococcal strains

Pyocins with Kageyama group

R1

Gonococcal
strain ISD 2285 1S4 1S6 1S8

Unclassified

R205 9579

R3

ISE

R2

ISB R21 430

R5

ISA ISC

Group I M9131
E757

*849209
*845650
*934936

P280p
P3309

t7425

Group II M8865

P280

E2590
E728
E759
M5287
P3290

t!560

+ +

+ +

+ clear zone of inhibition.
± zone of partial inhibition.
— no inhibition.
* ^-lactamase producing strains,
t strains from disseminated infection.

Immunisation Schedule
Female CF1 mice, 5-6 weeks old. caged in groups of 10, were given

0-25 ml of the standard suspension of formaldehyde-treated gonococci
(gonococcal antigen) intravenously, via the lateral tail veins. The mice
were immunised at day 0 and again on days 7 and 10. On day 14 a small
quantity of blood was taken from the retro-orbital plexus of each mouse
of the group and pooled; the serum obtained was inactivated by heating
to 56°C for 30 min and then distributed into small tubes and stored at
— 20°C until required. The mice thereafter received booster doses
(0-25 ml) of the gonococcal antigen at 14-day intervals and blood was
obtained 5 days after each immunisation.

Complement
Human AB serum from a donor with no history of gonococcal

infection was adsorbed for 24 hr at 4°C with a live suspension of the
gonococci used in the study, distributed in 200 pi aliquots and stored at
— 70°C before use. The minimum haemolytic titre of the serum was
32-64.

Normal Human Sera from Individuals ofBlood Groups A and B
Kindly supplied by Drs. S. Urbaniak and P. L. Yap of the Blood

Transfusion Service, R.I.E.

Screening Test for Bactericidal Activity ofNormal Human Serum
An 18-hr culture of gonococci was suspended in Dulbecco's Phos¬

phate Buffered Saline supplemented with Mg + + and Ca + + ions
(0-5 mM and 0-9 mM respectively) (DPBS + B) to give approximately
104cfu/ml.
A series of two-fold dilutions, from 15 to 480, were made in a micro-

titre plate for each serum to be screened to give a final volume of 50 pi
per dilution, 40 pi of gonococcal suspension and 10 pi of a two-fold
dilution of the complement source were added to each well and incu¬
bated at 37°C for 30min. Two drops of 20 pi from each well were plated

onto MNYC medium and incubated for 24 hr. The highest serum
dilution to give a reduction in viable count of > 80 % was considered to
be the bactericidal titre of the serum.

Bactericidal Assay with Immune Mouse Serum
These were performed in round-bottomed glass tubes (15 mm x

75mm). An 18-hr culture of gonococci was suspended in D.PBS + Bto
give approximately 106 cfu/ml. The assay mixture contained 160 pi of
bacterial suspension, 20 pi of a two-fold dilution of heat-inactivated
mouse serum and 20 pi of freshly thawed AB serum as the complement
source. Controls lacking serum and/or complement were included for
each experiment. After static incubation at 37°C for 30 min in a humidi¬
fied atmosphere with 10% C02 in air, 25 pi volumes were removed
from.each tube and viable counts were performed (15). A reduction in
viable count of 80% or greater when compared with controls was
considered to be significant.

Results

The gonococcal strains were all typed by pyocin sensi¬
tivity and classified into two broad groups: Group I
strains were sensitive to Kageyama group R5 pyocine;
Group II strains were sensitive to Kageyama groups R5
and R1 pyocins (table 1).
The AB serum used as the exogenous complement

source for the bactericidal reactions was found to have

slight microbicidal activity against strains of Group II.
This activity was removed by absorption at 4°C with the
sensitive strains and the procedure had no effect on the
complement titres. Absorbed AB serum was used in all
the bactericidal tests.
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able 2 Bactericidal titre of normal human serum from Group A individuals

Sera

Test strain of
N. gonorrhoeae ABCDEFGH I J K L M N

Group I M9131
E757
849209
P3309 < < < < < < < < < < < < < < < <

934936

P280p
*7425

M8865 15 240 60 60 60 30 120 120 30 120 120 60 30 30 15 60
P280 > > > > > > 240 240 240 60 120 30 120 120 30 120

E2590 < < 60 30 < 30 < < 30 30 120 60 60 60 15 60
P3290 15 15 30 30 30 30 15 60 120 120 15 15 15 60 30 120
*1560 < < < < < < < < < < < < < < < <

< less than 15.
> greater than 480.
* strains from disseminated infection.

Normal human sera from individuals of blood groups
. and B were found to be bactericidal to gonococcal
irains of Group II to a titre of 5= 15, but no activity
wards Group I strains from localised infections or a
isseminated infection could be demonstrated at the
west serum dilution of 15. The titre of bactericidal anti-

ody against strains of Group II was slightly greater in
idividuals of blood group A (tables 2 and 3). No bacteri-
idal activity could be demonstrated towards strain 1560
3roup II) from a disseminated infection (tables 2
nd 3).
This bactericidal activity of NHS towards strains of
iroup II is inhibited by 10mM Mg-EGTA which
:questers Ca+ + ions necessary for the classical pathway
f complement activation.
There was no discrimination between strains ofGroup

I and Group II by the microbicidal mechanism in
immune mouse serum. Serum raised against a strain from
Group I (M9131) killed other strains in Group I and also
strains in Group II. This same lack of discrimination was
shown by antiserum raised against a strain from Group II
(M8865) (table 4). Similar experiments with two
gonococcal strains from disseminated infections (1560
and 7425) showed no detectable microbicidal activity.
One serum from each of the blood groups A and B was

absorbed twice for 24 hr at 4°C with a heavy suspension
of erythrocytes expressing A or B antigens to remove the
iso-haemagglutinins. This absorption did not remove any
bactericidal activity from the sera. Absorption with a
heat-killed suspension of P. aeruginosa strain ZD8
slightly reduced the bactericidal activity of the sera (table
5).

able 3 Bactericidal titre of normal human serum from Group B individuals

Sera
Test strain of

N. gonorrhoeae i ii iii iv v vi vii viii i.

Group I M9131
E757
849209
P3309 < < < < < < < < < < < < < < < <

934936

P280g
*7245

M8865 15 30 30 30 > 15 120 30 15 15 < 30 < 15 30 15
P280 < 15 < 15 240 15 15 30 120 60 60 60 240 60 120 60
E2590 < < < 15 60 < < < 30 30 30 60 30 60 30 30
P3290 < < < 30 60 < 120 60 120 30 30 15 15 120 30 60
*1560 < < < < < < < < < < < < < < < <

< titre less than 15.
> titre greater than 480.
* strains from disseminated infection.
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Table 4 Microbicidal action of immune mouse serum. Number of tests
out of 4 giving ^ 80 % kill

Antiserum

Gonococcal
strains M9131 (group I) M8865 {group II)

Group I M9131 3 2
E757 1 2
849209 3 4

845650 4 4

934936 2 3

P280p 0 3

Group II M8865 4 4

M5287 4 4

E728 3 2
E759 2 2
P280 1 4

Discussion

Our findings suggest that the increased susceptibility of
individuals of blood group B to infection by N.
gonorrhoeae is not related to differences in susceptibility
of the organism to isohaemagglutinins. Although N.
gonorrhoeae isolates have been shown to absorb anti-A
and anti-B isohaemagglutinins (4) the bactericidal acti¬
vity of normal human serum (NHS) could not be re¬
moved by absorbtion with red blood cells expressing A
and B antigens.
Variations in the susceptibility of gonococci to the

bactericidal effects of NHS have been reported (9,16,17).
Although the LPS has been found to be the target antigen
for "natural" antibody (16, 18), the particular com¬

ponents involved in the reaction had not been identified.
Classification of gonococcal isolates by the sensitivity
pattern to partially-purified R-type pyocins of P. aeru¬

ginosa has provided a method for detecting differences in
LPS antigens. Clinical isolates of Group I which appear
to have a simpler LPS structure are resistant to NHS
while those with more complex LPS (Group II) are sensi¬
tive. The importance of LPS components in determining
the reaction with NHS is illustrated by the change from
sensitivity to resistance found in the mutant P280p
(Group I) derived from a NHS-sensitive clinical isolate,
P280 (Group II). Alterations in the LPS associated with

Table 6 Relative positions of pyocin receptor sites on lipopolysaccha-
ride (LPS) of Pseudomonas aeruginosa

R3* R4* R2* Rl* R5*

I H D K A
F L B

J M C
u N E

O G
P

Q
(Sidberry and Sadoff 1977) R

S

T

ISE - ISB ISD ISC
R21 IS4 ISA
430 IS6

IS8

(This study) 2285

* Arranged in order of the receptor sites on the lipopolysaccharide
(LPS) fraction of P. aeruginosa suggested by Kageyama (1975).
The receptor for R5 is nearest to, and that for R3 furthest from the
cytoplasm.

this mutation was shown by gel-electrophoresis and gas-
liquid chromatography (unpublished data). These
findings are similar to those of Morse and Apicella (19)
for their gonococcal LPS mutant selected for resistance
to pyocin 611-131.
A schematic representation of the relative positions of

pyocin receptors on the LPS of P. aeruginosa proposed
by (20) is shown for our range of pyocins and those used
by Sidberry and Sadoff (21) in Table 6. The "natural"
antibody of NHS appears to be directed against either:
(1) the LPS structure(s) that form the receptor site(s) for
pyocins of Kageyama's group R1; or (2) to one or more
structures distal, but linked, to the receptor site for the R1
pyocins. Evidence for this second proposal comes from
the work of Sadoff and co-workers (22). Gonococcal iso¬
lates were typed with pyocins from their collection and
they found that the growth of serum-sensitive strains was
inhibited by pyocins D, H and I. These three pyocins
belong to Kageyama groups R2, R4 and R3 respectively
which attach to LPS receptors distal to those for R1
(table 6). In contrast, our pyocins of these three groups

Table 5 Titres of bactericidal antibody before and after absorption

N. gonorrhoeae Before Absorbed with Absorbed with
strain absorbtion erythrocytes P. aeruginosa

P280 120 120 60

Group A serum M8865 120 120 60

(K) E2590 30 30-60 15

P280 120 120 15

Group B serum M8865 15 < 15

(xi) E2590 15 15 <
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i activity against any of the gonococcal isolates
im¬
putative "natural" antibody responsible for the
icidal activity of NHS differs in specificity com-
with conventional immune sera raised in mice,
the "natural" antibody recognises determinants
: only on organisms expressing the more complex
lie immune sera had a wider specificity and were
cidal for strains of both Group I and Group II.
ious work has suggested that resistance of
>cci to NHS is not due to the presence of masked
is, blocking IgA antibodies, or deficiencies in com-
it function, but to the resistant organism's lack of
S determinant that binds the "natural" antibody
ur findings support this view. The bactericidal acti-
t NHS towards strains of Group II could be
ed in part by a heat-killed suspension- of P.
xosa strain ZD8, suggesting that the activity may
: to "natural" antibody induced by commensal

implication of our findings is that the more NHS-
/e Group II organisms should be restricted to
;d infections and that Group I should predominate
:minated infections. In an earlier study on pyocin
if gonococci from a number of geographic sources
(86-4%) of 110 isolates from localised infections
if Group II compared with only 15 (13-6%) of
I. In contrast, of the 24 isolates from disseminated
)ns, a higher percentage of Group I organisms
„) were found. The proportion of isolates ofGroup
58-3%. Since organisms of Group II have been
d from disseminated infections, simplicity of LPS
ot appear to be the sole factor in determining the
teristics of a "disseminated" strain,

roup II isolate from a disseminated infection was
nt to immune mouse serum in addition to NHS
lis finding is the subject of further studies. This
ts that loss or masking of antigens can occur
it interfering with the receptor sites for the R-type
;s. This resistance to bactericidal antibody of a
from disseminated infections was not found to be
rted with anti-complementary activity of the
sm.

conclude that the bactericidal effect of NHS on

i of N. gonorrhoeae is mediated by antibodies that
3 a LPS portion associated with the binding site of
ocins present in gonococci of Group II. Strains
g this portion of LPS—(Group I)—are resistant to
Thus "natural immunity" to gonorrhoea appears
lirected at organisms of Group II.
basis for the increased susceptibility of blood
B individuals to gonorrhoea is still not established
sms not to be due to isohaemagglutinins. There is
ce in E. coli urinary tract infections that the anti-B
are raised during infection with organisms
sing B-like antigens. This rise did not occur with

anti-A isohaemagglutinins in response to A-like
organisms (24). If this difference is reflected in other
"natural antibody" responses of B individuals a possible
basis for increased susceptibility to infection arises.
The sharing of antigens (galactose determinants) be¬

tween the LPS of gonococci and blood group B antigen
could also account for a diminished response in indi¬
viduals of blood group B.
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