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ABSTRACT

STUDIES ON PNEUMOCOCCI ISOLATED FROM CHILDREN 1IN THE
SHEFFIELD AREA. By Richard Howden.

The isolation of the pneumococcus (Streptococcus
"pneumoniae) was improved, and gave large mucoid colonies,
when incubated in an anaerobic environment containing extra
CO,. Both reduction of oxygen tension, with a reduction in
the formation of peroxides, and a variable requirement for
CO, were necessary for optimal recovery of strains from
children. ,

During a four year period 1736 pneumococci isolated from
samples at the Children's Hospital, Sheffield were
serotyped, their requirement for CO, and sensitivity to
antibiotics were collated with patients details. This
information was analysed for patterns both in health and
disease as a background to <clinical management and the
re-introduction of vaccination . in high risk patients.
Serotyping of strains by co-agglutination of sensitised
protein-A particles, was quicker and as sensitive as
crossed immuno-electrophoresis (CIE), without requiring the
complex CIE equipment.

The increased and more active growth obtained under
anaerobic conditions enhanced detection of pneumococcal
enzymes, including sugar fermentation. New specific
substrates, e.g. the APIZYM system, and those linked to
nitrophenyl compounds were found to be applicable to the
pneumococcus. A second new area of investigation, the
differentiation of the pneumococcus by its sensitivity to a
range of dye substances, was discovered and developed.
Further wunique differences were seen in the shape and
colour of colonies on Mitis-salivarius agar, co,
requirement, haemolysins and sensitivity to tetracycline.
Another antibiotic, mecillinam, was found for the practical
recognition of penicillin-tolerant strains as an
alternative to the use of cloxacillin for this purpose.
Much of the work in this study has not previously been
reported and should form the basis of a number of new
approaches and may lead to a scheme, at present not
available, for the differentiation and characterisation of
the pneumococcus beyond the capsular serotype.
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Streptococcus pneumoniae 1is the most frequent bacterial

cause of pneumonia, otitis media, and bacteraemia and is
the third most common cause of meningitis in infants and
children (Klein, 1981). It is difficult to obtain accurate
figures of the extent of pneumococcal pneumonia because the
pneumococcus is a.normal part of the naso-pharnygeal flora
of at least 30% of children under 10 years old (Loda et
al., 1975 and Dowling et al., 1971). Assuming a 5%
mortality rate for the cases producing the 1700 deaths in
children, wunder 5 years old, from acute respiratory
infections and pneumonia (Registrar General's report for
1978); this would represent approximately 34,000 infected
children per year. The pneumococcus was thought by Heffron
in 1939 to be the cause of two thirds of respiratory
infections in <children and forty years later general
practioners in the United Kingdom still reported 55,000
pneumococcal pneumoniaA cases, 1in patients of all .ages
(Vogel, 1982). Diagnosis in children is also complicated by
the diffiéulty in obtaining a £full clinical history, a
suitable bacteriological sample either because children
tend to swallow their respiratory secretions or because
they have received prophylactic antibiotic therapy.
However, with more stringent criteria, Austrian (1975)
reported an estimated 420,000 cases of pneumococcal
pneumonia in persons over 18 years old. The pneumococcus
remains the only infective agent in the 10 leading causes

of death (Austrian, 1975) and accounts for 27% of all



deaths occurring after the first month of life in those
under 5 yeérs 6f age (Court, 1968). In the Newcastle
Family Survey (Miller et al., 1960), 80% of illness in
children under five years of age was infective and of these
60% were respiratory infections. This group . of patients

has also the highest pneumococcal carriage rate (Hendley et
al., 1975),. which is known to be a contributary factor in
the production  of pneumococcal disease (Hodges and MacLeod,
1946). Spread of the organism from the respiratory tract
into the eustachian tube is presumed to result in
pneumococcal otitis media (Austrian, 1975), which persists
as one of the most common infections of children in
developed countries. The attack rate of this infection is
estimated at between 15 and 20 cases per 100 children in
the first two years of life and by three years of age 70%
of children have had ét least one attack of otitis media
(Teele et al., 1980) which, although rarely fatal, 1is the
cause of 1life long handicap through deafness (Austrian et
al., 1977 and Kamme et al., 1970). The incidence of
pneumococcal otitis media reaches a peak at between 6 and
12 months, while in pneumonia cases this happens early in
the c¢hild's second year and has an attack rate -of greater
than 32 per 100,000 children (Broome and Facklam, 1981).
Early childhood 1is a vulnerable age for pneumococcal
infections when 1loss of initially protective maternal
antibodies 1leads to systemic infectioné (Klein, 1931).
However Bortolussi et al. (1977) reported in four newborn

infants that sepsis arose within the first 24 h of birth,



probably acquired during passage along the mothers genital
tract. Pneumococcal meningitis has a peak occurence at
between three to five months of age and has been 1?stimated
to attack 1.4-2.2 people per 100,000 (Fraseiﬁ?B and
1974) . Approximately 8 cases of pneumococcal bacteraemia
per 100,000 population, based on hospital findings, has
been reported but actual numbers are expected to be much
higher (Johnstone, 1981). Recognition of bacteraemia
depends on a number of factors, including the decision to
perform a venepuncture at the right time of the disease and
before the start of antibiotic therapy. Some bacteraemic
patients do not present as hospitél admissions (MacGowan et
al., 1973 and Braddon et al., 1977) and it is probable that
if blood cultures were more frequently performed in
respiratory illnesses the number of isolates would
increase. Whether this would affect the treatment of the
patient is unknown (Jacobs et al., 1979). Untreated
pneumococcal pneumonia and the concomitant bacteraemia are
fatal in 40% of cases (Witt and Hamburger, 1963) and in
untreated meningitis the chances of survival are virtually
nil (Austrian, 1968).

Two methods have been employed to help the patient combat
this organism, firstly vaccination or serum therapy to
provide antibodies to enhance phagocytosis pf the
bacterium, and later replaced by the administration of
antibiotics to 1limit the growth of the organism. The

history of pneumococcal serology goes back to 1891 when

Metchnikoff cited the agglutination of the organism, and in



1897 Bezancon and Griffin suggested the antigenic diversity
of the pneumococcus. Neufeld's description of the now
classic quellung reaction, the apparent swelling of the
organism's capsule when mixed with specific rabbit
antisera, in 1902 preceded the differentiation of the
pneumococcal serotypes. Its true importance was overlooked
until rediscovered by Armstrong and by Logan and Smeall in
1932, and now forms the basis of the serotyping of
isolates. Preventative therapy, dates from 1911, when Sir
Almroth Wright prevented pnedmonia in South African gold
miners by injections of a vaccine prepared from whole
killed organisms (Wright et al., 1914). In the next 40
years, following the recognition of the majority of the
pneumococcal capsular serotypes and their application to
immunisation (Francss and Tillett, 1930; Sutliff and
Finland, 1931 and Finland and Brown, 1938), nearly half a
million people received polyvalent vaccines composed of
either whole pneumococcal cells or their capsular
polysaccharides without serious untoward reactions, but
with uncertain benefit in some cases (Austrian, 1975).
Pneumococcal pneumonia had been a major preoccupation of
medicine up to the 1940's and it was ironic that the
development of safe and effective multi-factorial vaccines
(Heidelberger et al., 1948) coincided with the introduction
of effective antimicrobial agents. For the next twenty
years there was almost no professional interest in
prevention of the disease. A licence to supply polyvalent

polysaccharide vaccines by E.R. Squibb and Sons in 1950,



was revoked without prejudice shortly afterwards because of
lack of its wuse and at about this time also, the
accompanying bacteriological techniques of mouse
inoculation and pneumococcal serotyping fell into
widespread disuse and with it the impetus for pneumococcal
studies. If the amount of interest in the pneumococcus can
be measured by the number of papers published on that
subject the figure for 1939 was 120 but by 1955 this had
fallen to 29 titles at a period when the total number of
papers listed in Index Medicus had begun the spiralling
increase over pre-war levels. The exquisite sensitivity of
this organism to antibiotics seriously raised the question
whether or not it mattered if it was isolated at all,
particularly from pneumonia patients. The picture was
different in meningitis for, although sulphonamides had
reduced the death rate to around 60% in the late 1930's
(MacLean et al., 1939) and peﬁicillin in the 1940's had
reduced this still further, a fatal outcome for both
meningitis and bacteraemia, even in England and the USA,
remained at 20-30% (Communicable Disease Reports (CDR),
29/1975, 25/1978, 10/1981, 71/1984 and Broome and Facklam,
1979) and many of the survivors, particularly children,
showed residual neurological damage. It 1is worth
remembering that the other main causes of meningitis are

much less 1likely to be fatal, Haemophilus influenzae at

2.9% and the meningococcus at 8%, and with less likelihood
of severe sequalae (CDR, 25/1978). Pneumococcal infection

continued at a much higher level, and was more often fatal



in less favoured areas; in Nigeria, for example, between
1971‘ and 1976, 51% of patients with pneumococcal systemic
infections died (Baird et al., 1976) and still, in 1984, a
small survey of 28 patients with pneumococcal meningitis

showed that 14 had died, eight were known to have survived
and the fate of the other six was unknown (Kumasi,

unpublished data). Survival curves of patients with
pneumococcal meningitis and bacteraemia showed that most
deaths occurred within the first five days of illness

(Austrian and Gold, 1964). These findings suggested that
for many patients irreversible physiological changes had

already taken place by the time of admission to hospital.

This continuing high mortality of pneumococcal systemic
inféction is a salutary example of the failure of
antibiotics to cure infectious disease unaided. The
outcome of all infection is dependant on the ability of the
victim to combat the effects of the invader and this is

most clearly seen in pneumococcal disease. Victims of
pneumococcal infectién fall broadly into two groups.

Firstly those 1in whom trauma has physically damaged
protective membranes and allowed penetration of the
organism into the body, e.g., meningitis is a common
sequelae of fracture to the skull or cribriform plate. The
other much larger group consists of those in whom the
immune system is either not developed, as in the infant, or
is or has become incompetent because of age, predisposing
diseases or drug therapy. Children under five years old

and especially those under two years appear unable to make



sufficient or effective anti-polysaccharide antibodies
(Howie et al., 1976; Borgono et al., 1978 and Riley and
Douglas, 1981). Surveys of the results of vaccination in
infants, under one year old, have shown low antibody levels
after one or two injections and when examined at two years
of age the levels were identical to the unvaccinated group
( Sell et al., 1978). Patients whose defences have been
reduced include those suffering from sickle cell disease
(Seeler et al., 1972), malignancy and other disease 1in
which treatment results in immunosuppression (Allen and
Weiner, 1981), alcoholism (Brayton et al., 1970), poor
nutritional conditions and being one of or descended from
the indigenous natives of America (Herbert et al., 1967 and
Davidson et al., 1976), Africa (John%%n, 1981), Australia
and New Guinea (Douglas and Riley, 1979). Ethnic origin
and any of the other factors when combined exaggerate some
inherited tendancy for pneumococcal infection in those
peoples (Johnson, 1981). That is except for otitis media
which is more common in white children, probably because of
anatomic differences in the eustachian tube (Doyle, 1977).
In sickle <cell disease, in which the spleen can be
destroyed or need to be surgically removed, the infection
results from lack of the spleen which would otherwise
selectively clear the blood of pneumococci and generate the
early antibody response (Singer, 1973 and wWara, 1981).
This loss in combination with sluggish antibody production
and a decteased turnover of the alternative complement

pathway components, a source of non-specific opsonising



immunoglobulin (Pearson, 1977), is often fatal. Another
large group of victims, even 1in the so-called developed
countries, is the elderly patient in whom the immune system
is naturally in decline and may not produce sufficient
antibody until it is too 1late. The natural course of
pneumococcal.  disease 1is a race to produce sufficient
antibodies in the host to remove the organism before the
effects of the infection exhaust the patiené's strength.
The above groups of patients all suffer from the combined
disadvantages of a lack of prompt immune reponse and a
reduced capacity to cope with the stress of infection. If
pneumococcal antibody production reaches the crucial level
by the third to the fifth day of overt illness the fever is
resolved by crisis, the patient's temperature drops
dramatically and survivors suffer prolonged weakness. In
the 1930's, when both pneumonia and poor nutritional
conditions were common, convalescent pneumoéoccal patients
occupied more than two thirds of the beds on medical wards,
for a month or more during six months of each year
(Finland, 1981). Aﬁ this time the other major cause of bed
occupancy was typhoid fever whose season of high incidence
dove-tailed into the rest of the year. Typhoid fever is
largely a disease of the past, in developed countries, but
pneum onia is still as common a cause of admission as it
was then (Finland, 1981). The order of events from onset
of infection to «crisis 1is incompletely understood and
varies both with the host and the type of pneumococcus

involved (Austrian, 1975). " The first line of defence



against invading organism is the mucosal surface of the
respiratory tract to which the pneumococcus must attach
without being opsonised and then avoid or overcome the
alyeolar macrophages (Tylewska et al., 1980; Andersson et
al., 1981 and Rosenberg, 1981). In vaccinated persons
sufficient opsonising antibody is present at the lung
surface to induce the macrophages to phagocytose the
et el

bacteria (Hof,Ll980 and Coonrod and Yoreda, 198l). If the
pneumococci are not consumed invasion can spread into the
interstitial spaces of the lung, to the hilar nodes and
thence into the ‘blood stream resulting in meningitis,
peritonitis , endocarditis or myocarditis by metastatic
spread (G'ad'aleanu , 1980 and Johnston, 1981).
Pneumococci are able to effect infiltration of the 1lungs
not by overwhelming the victim with toxins but, by stealth,
avoiding activation of the opsonising system. The
pneumococcal capsule protects the organism from
phagocytosis by wandering macrophages and proteases are
released from the organism capable of destroying secretory
IgA (Kilian et al., 1979 and Mulks et al., 1980), a
phagocytosis-enhancing immunoglobulin present in the mucus.
Certain strains reduce the probability of opsonisation
further by not activating the alternative complement system
(Guckian et al., 1978 and Edwards and Stark, 1977). Once a
focus of infection has been established in the lung tissue
the combination of any of the potentially reactive

constituents of the pneumococcus and the immune system,

e.g. capsular polysaccharide with antibody, C substance
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with C-reactive protein (CRP) or bacterial cell wall with
the alternative complement pathway, leads to the release of
potent mediators of inflammation (Tomasz, 1981). The more
virulent organisms are less readily phagocytosed, require a
greater degree of complement binding for opsonisation and
would therefore be expected to have increased persistence
in the 1lung, which would cause excessive release of the
acute inflammatory mediators. Interaction of C-reactive
protein and pneumococcal carbohydrate can start the
complement fixation series by initiating release of the Cl
component (Mortensen et al., 1976). The rélease of the C5
factor of complement and its derivatives enhgnces
chemotaxis of neutrophils, monocytes and macrophages and
stimulates the release from the neutrophils of granule
enzymes and toxic oxygen metabolites into the lung (Webster
et al., 1980). Anaphylatoxins (Dias da Silva and Lepow,
1967) and C567 complexes (Ward et al., 1966) also formed by
activation of the complement system cause permeability
changes and cell wall damage of the host's own tissue. The
degree and extent of the changes seen in the pneumonic lung
may be produced by the bodyﬂs over-reaction to invasion as
much as by direct aggressive action of the organism. None
pf a number of pneumococcal products e.g. haemolysin,
purpura-producing principle,  virulin, leukocidin and
neuraminidase . has been proven to be the pathogenic
principle in pneumonitis (Johnston, 1981 and Tomasz, 1981).

At the time of death the extent of the pneumonitis 1is

insufficient to cause anoxia and the mass of bacterial
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particles is not significant in relation to the size of the
host (Perry and Cluff, 1963). 1Injection of 1large numbers
of killed pneumococci fails to cause death therefore the
mediators of imflammation probably contribute largely -tb
the fatal outcome and may explain the waves of spreading
oedema surrounded by a fringe of polymorphonuclear white
blood cells, a characteristic feature of the histology of
pneumococcal pneumonia. Factors that weaken the natural
resistance of the respiratory system to infection, such as
temperature variations and viral infections, assist in the
establishment of pneumococcal disease. The ' question
whether chilling facilitates invasion of the  lower
respiratory tract has been disputed (Douglas and Riley,
1979) but the frequency of pneumonia is clearly related to
the effect of temperature changés on certain types of
occupation. Exposure to inclement weather and subjection
to extremes of heat gave attack rates of 13 and 12.6 cases
per 1000 men per year respectively; in factory workers,
with only small temperature changes, this rate was 3.9 per
1000 per year (Brundage and Bloomfeld, 1932). Experimental
evidence (Green and Kass, 1965) indicates that cold
immersion lowers pulmonary antibacterial activity
prgsumably by its effect on the alveolar macrophage, but
this could also be by a reduction in pulmonary blood flow
(Gwaltney et al., 1975). A strong correlation was shown
between weekly mortality from bronchopneumonia in infants
and low temperatures at the time of onset of the illness

(Payling-Wright and Payling-Wright, 1945). These mortality
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rates were related to poverty and poor housing and rose
sharply when the temperature fell below 4°C. Lunn et al.,
in Sheffield (1967), and Douglas and Blomfield (1958) found
a significant excess of respiratory infections in children
related to social class, pollution and living in a family
with an adult with chronic respiratory infection. Seasonal
variation in the carriage of pneumococci and transmission
on the incidence of pneumonia is also associated with colds
and overcrowding (Brimblecombe et al., 1958); conversely
lowest carrier rates and infections are both seen in the
summer months (Loga et al., 1975). The seasonal incidence
of pneumonia parallels the seasonal variation of viral
infections of the respiratory tract, largest numbers of
isolations being in the winter and spring months. Onset of
pneumocoqcal pneumonia in >90% of cases is preceded, a week
or two before, by "cold-like" symptoms (Finland, 1981).
The interval, between start of the vifal illness and
emergence of the symptoms of pneﬁmococcal infection, gives
time for pneumococcal antibody production to have begun,
and to be present in therapeutic levels only 3-5 days after
severe illness has been recognised. A gradually
accelerating cyclic process can be envisaged, following in
the wake of viral supression of the bodies defences (Hodges
and MacLeod, 1946; Harford et al., 1949; Fiala, 1969 and
and. Carrasco
Ferdandez-Peuntes,Ll980) when persistence of pneumococci in
the 1lung causes increasing production of inflammatory

mediators. This increases the inflammatory response and

physiological damage which finally gives rise to clinical
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disease, 7-12 days later, at which time the process may
have advanced too far for effective treatment. Although
doubt has been expressed as to which viruses are involved,
rhinovirus, parainfluenza and particularly influenza virus
are the prime suspects (Lepo@ et al., 1968). The increased
incidence of pneumococcal bacteraemia following severe
pneumonia is a further indicator of influenza virus in the
community. The 1957 A, influenza virus outbreak increased
the incidénce of pneumococcal bacteraemia by 300% in the
peak month of the epidemic (Austrian, 1968). These gloomy
portents receeded asv the actual number of deaths from
infectious diseases ' from all causes fell by 60% from the
late 1950's to the mid 1970's, although deaths from
féspiratory diseases stayed the same (Cockburn, 1979). 1In
children however, within five years of the introduction of
sulphonamides (Kanof et al., 1943), pneumococcal
bacteraemia no longer was the common companion of childhood
illnesses. Other problems appeared more pressing, notably
outbreaks of hospital acquired sepsis produced by

entero-pathogenic Escherichia coli (Kauffman, 1969) and

multi-resistant staphylococci (Williams, 1959). It was a
case of "out of sight, out of mind" and, although Dowling
and Lepper in 1951 and Austrian and Gold in 1964
demonstrated‘that pneumococcal Bacteraemia still carried a
significant mortality rate regardless of antibiotics, it
was not until the late 1960's and early 1970's that the
pneumococcus was . brought back into the mainstream of

microbiological and clinical attention. The spectre of
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clinical pneumococcal isolates resistant - to antibiotics
first appeared as sporadic reports of strains tolerant to
peniciilin from Australia, New Guinea and South Africa
(Hansman and Bullen, 1967; Hansman, 1972 and Gratten et
al., 1980) and progressed to a world wide phenomenon
(Hansman, 1977; wWatanakukorn et al., 1980; Hansman, 1980)
with examples emerging in America (Heiber and Nelson, 1977
and Cooksey et al., 1978), England (Howie and Mitchell,
1976), Canada (Dixon,' 1974), Finland (Zacchrisson and
Brorsen, 1981), South Africa (Ward et al., 1979), Italy (De
Bac et al., 1981l) and Japan (Oguri and Kosékai, 1981),
showing resistance to an increasing array of antibacterial
agents (Jacobs et al., 1978 and Landesman et al., l§79).
When the first penicillin tolerant strains were recognised

the resistance of S. pneumoniae to tetracycline was

widespread (Percival et al., 1969 and Howard et al., 1978)
and had reached 13% of 1isolated strains in Evans and
Hansman's paper (1963). Occasional strains resistant to
erythromycin (Dixon, 1967) and chloramphenicol (Applebaum
et al., 1977 and Garau et al., 1981) had also been seen.
The danger of the situation was made apparent when Jacobs
et al. (1978) reported strains of pneumococci from
hospitals at two South African centres, Johannesburg and
Durban, resistant to all of a range of antibiotics,
including the penicillins, cephalosporins, erythromycin,
ﬁetracycline, clindamycin, sulphonamides rifampicin,
streptomycin and chloramphenicol. Because of the exquisite

sensitivity of the pneumococcus to penicillin, testing of
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isolates for antibiotic susceptibility was only rarely
performed until the pneumococcus unexpectedly showed, after
thirty years exposure to antibiotics, a capability for
developing multiple-resistance and thereby posing a major
threat as a hospital and possibly, a community, pathogen
(Ward et al., 1979 and Mylotte @ad Bean, 1981). The
pneumococcus has revealed many similarly unusual and
fascinating features over the last hundred years, not least
df which is the ability, after languishing on the mucus
membranes in a commensal role for various lengths of time
(Straker et al., 1939; Clifton et al., 1955 and Hendley et
al., 1975), before suddenly becoming pathogenic and often
rapidly fatal, without the reason for this change or the
cause of death being known, despite extensive and  intense
study. This paradox was evident from the first reco?d of
pneumococcal isolations in 1881 when the injection of human
saliva into rabbits, independently, by Sternberg and by
Pasteur produced septicaemia and death of the animals. The
isolation vby Fraenkel in 1886 of the coccus, originally

named Diplococcus pneumoniae, from the sputa of patients

with pneumonia, indicated its role in human disease.
However.controversy raged over whether the diplococci,
reported by Fraenkel, or the bacilli, stained in sections
of lung by Gram, from Freidlander's fatal cases of
pneumonia were the actual cause of pneumonia (Austrian,
1960). Weichselbaum's extensive study, in 1886, of the
bacteriology of pneumonia resolved this heated issue but

differences between the presence of organisms in
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Gram-stained films and their growth in vitro has continued
at the root of more recent problems with the pneumococcus
(Barrett-Connor, 1970 and Merrill et al., 1973). The
laudable, but often indiscriminant, use of antibiotics
before Dbacteriological specimens have been obtained has
clouded the issue, since even a single dose of penicillin
can reduce the vitality of the infecting strain (Crofton,
1970; Murray and Hampton, 1980 and Adenyi-Jones et al;,
1980). Such interference with growth can produce negative
culture reports, in vitro, despite positive Gram film
results (Lepow et al., 1968; Spencer and Philips, 1973;
Rein et al., 1978 and Sarachik, 1979). Some authors have
shown only 40-60% of the isolates expected from the results
of Gram-stained smears, even 1in samples from patients
without prior antibiotic therapy (Williams and Kauffman,
1978; Fiala, 1969; Barrett-Connor, 1971 and Boerner and
Zwadyk, 1982). Animal inoculation for the recovery of the
pneumococcus by its differential pathogenicity was, and by
some authors still 1is, considered to be the better
isolation method, particularly when the specimen may
contain other bacteria (Austrian, 1959; Rathbun and Govani,
1967 and Converse and Dillon, 1977). However the cost and
logistic problems of maintaining a large population of
animals has contributed to the decline of this approach.
The method should also be abandoned because of the
bacteriological problems associated with extrapolating
results from animal experiments to human disease. MacLeéd

(1952) and others have shown that certain serotypes of the
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pneumococcus, including type 14, an invasive type of human
infection (Heffron, 1939) are non-pathogenic fot mice, and
in general the higher the serotype number the 1less likely
are they to be demonstrated in the animal (Morch, 1943).
'Unfortunately the alternative procedure of culture on
artificial media, as routinely employed in many
laboratories, and quoted in the papérs regarding Gram films
and poor performance culture results, suffers from a number
of weaknesses which may explain the differences in results.
Conventional culture, by aerobic incubation on enriched
blood-containing agar plates, produces a small indented (
so-called "draughtsman") colony 'showing a degree of
greening or change in the surrounding medium. This
appearance can easily be overlooked espécially when the
sample includes other greening streptococci and if the
plaﬁe iis the subject of an inexperienced or hurried
examination. To avoid these pitfalls it is recommended
that careful scrutiny of the plate, by a microscope at 1low
power or a hand 1lens (Austrian, 1971), followed by the
testing of at least three colonies from each culture is
necessary to maximise the recognition and identification of
pneumococci. Recovery rates are increased (Auger, 1939,
Kempner and Schlayer, 1942) without markedly enhancing
colony size, if the plates are incubated in an atmosphere
containing extra CO,; for example in a candle jar (at 2%)
or CO, incubator (at 5-10%). Carbon dioxide appears to
have two advantages for the artificial culture of

pneumococci, firstly in reducing the lag period of growth
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following transfer of the organism from the host to a new
.environment (Valley and Rettger, 1927; walker, 1932;
Broquest and Snell; 1951 and Repaske et al., 1974), and
also because gréwth of certain strains is depend®fnt upon
levels of CO, above the normal atmospheric value of 0.03%
v/v, i.e. these cultures are carboxyphilic (Austrian and
Collins, 1966, Sebest&ny, 1978). Sir Alexander Fleming, in
1941, recommended the advantage of incubating all cultures
from the respiratory tract with added CO, after repeated
attempts to grow a coccus seeh in Gram-stained films failed
until CO, was added to the culture environment from a Kipps
apparatus. A further handicap to successful recovery,
evident as intense greening or bleaching around colonies on
blood containing .agars, especially when the catalase
content of the blood has been reduced by heating, is
produced by the toxic accumulation of hydrogen peroxide

end ordon
(MacLeodA 1922 and Holt, 1962). The formation of hydrogen

peroxide and therefore the need for a peroxide handling
enzyme system by the organism would be minimised 1if
cultures were performed in an anaerobic environment. It is
often overlooked that the natural habitat of the
pneumococcus, the respiratory tract, besideé being an area
with a high CO, level is in fact a reduced environment
since the oxygen content of the mucus is removed by the
metabolism of the bacteria harboured within the secretions.
The adaption of the pneumococcus to a reduced environment

with an increased CO, concentration is further seen when

the focus of infection in tuberculosis of the 1lung and
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pneumococcal pneumonia is contrasted. Tuberculosis,
produced by the aerobic mycobacteria, starts in the well
oxygenated wupper lobes of the lung and the pneumococcus, a
facultative anaerobe, invades the lower lobes, an area of
high CO , and relatively low O, tension. Early papers by
Bolognesi (1907) and Smith (1936) reported anaerobic
pneumococcal strains but the advantage of wusing both
anaerobiosis and increased CO, as the atmosphere for their
clinical isolation was not appreciated.

A preliminary report (Howden, 1976) confirmed the enhanced
effect of the combined atmosphere. Cultufe in an anaerobic
atmosphere, containing extra CO,, significantly increased
the 1isolation rate, size of the pneumococcal colony and
minimised peroxide productipn, indicated by a 1lack of
greening when grown anaerobically on heated blood agar.
Both animal inoculations and artificial culture methods
suffer from the practical disadvantage of reliance on
suitable samples being obtained before antibiotic therapy
is started, followed by speedy transfer to and processing
in the laboratory. A number of techniques for the
detection of bacterial antigens, directly from a patient's
sample, avoiding the uncertainties of culture ana prior
antibiotics (Tugwell and Greenwood, 1975) began to be
" applied to pneumococcal disease (Dorffet al., 1971; Coonrod
and Rytel, 1972 and Whittle et al., 1974). The first to
come into vogue was crossed-immunoelectrophoresis (CIE), in
which pneumococcal antigen, in the patient's sample, was

made to migrate in a buffer system across an agar gel
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towards pneumococcal capsular antibodies migrating in the
opposite direction and observed for precipitation lines
(Anhalt and Yu, 1975; vEl—RafaJQ and Dulake, 1975 and
Silverman et al., 1977). 1In cbmparisons of media, direct
Gram-stained smears and rapid antigen methods, the latter
appeared the most sensitive indicator of pneumococcal
infection (Olcen, 1978; Fossiek and Fedorko, 1979 and
Edwards et al., 1980). But thé bacteriological isolation
procedures used were aerobic culture only, either with or
without extra CO,. The co-agglutination technique, in
which the pneumococcal antigen is agglutinated with
specific antibody, previously attached to staphylococéal
cells, was next applied to pneumococcal work both for
serotyping isolates (Kronvall, 1972) and later for the
detection of antigen in patient's samples (Edwards et al.,
1980). Other rapid diagnostic methods, enzyme-linked
immunosorbent assay (ELISA) (Barrett et al., 1980 and Drow
anq Manning ,, 1980), fluorescent antibody technique (FAT)
(Clausen, 198l1), pneumococcal antibody 1labelled laﬁex
particles (Coonrod and Bauer, 1976) radio-immuno assay
(Leinonen, 1980) were introduced during the course of my
study, each appear to have merit for the study of
pneumococcal disease but were not investigated due to lack
of time and the necessary equipment. Antibody coated latex
particles, a similar principle to co-agglutination, has
been reported to be more sensitive than CIE (Kumar et al.,

1980).

The antigen detection methods were developed for rapid
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diagnosis of infection but can also be used to serotype the
increased number of isolates produced by anaerobic
incubation with extra CO,. An extended survey of the
strains obtained by this new culture method to determine
the serotypes involved was indicated, as the strains may
include previously unknown types whose distribution may
differ from other reports. The pattern of serotypes
recovered may have relevance to the effective use of
pneumococcal vaccines, especially in this hospital which
includes a Regional Centre for children with malignant
disease, a high risk group for pneumococcal infections.
Many surveys of the frequency of serotype distribution both
in time and place have shown significant differences
(Finland and Barnes, 1977 and Broome and Facklam, 1981)
including the types associated with childhood and adult
illness (Austrian, 1959; Gray et al., 1979; Riley and
Douglas, 1981 and Klein, 1981). Morch in a 1944 Danish |
study, found types 06, 14, 19 and 23, in 59.9 per cent of
isolates from children aged 2 years or less and in only
12.1 per cent of strains from those aged 12 years and more
(Morch, 1944). Serotypes responsibie for bacteraemia in
adults and children differed from those isolated from focal
infections such as otitis media {(Kamme et al., 1970; Loda
et al., 1975 ‘and Gray et al., 1979). Other reports
confirmed serotypes 06, 14, 19 and 23 as responsible for
most cases of bacteremia or meningitis in children and also
included serotype 18 in that group of strains (Seigel et

al., 1978). Serotype 03 was given as the principal cause
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of invasive disease 1in general and serotype 19 as the
leading cause of otitis media (Kamme et al., 1970; Austrian
et al., 1977 and Gray et al., 1979). Although serotype 03
was often seen in otitis media it was an infrequent cause
of sepsis or meningitis in children. ’ Frequency of
particular serotypes, notably serotype 02, changed from the
dominant isolate, up to the late 1930's (Griffiths, 1928
and Heffron, 1939), to being a rare £finding by 1945
(Austrian, 1968); most other serotypes have not shown such
dramatic change (Finland and Barnes, 1977). There has been
concern that the introduction of pneumocqccal vaccination
into an area would affect the distribution of strains but
MacLeod, (1949) and Austrian et al. (1976) showed that the
carriage of non-vaccine serotypes was not altered in
populations after vaccination. Variation has also been
seen with serotypes responsible for the bulk of infections
differing from one part of the world to another (Lund,
1959; Hansman 1977a; De Bac et al., 1979; Gaustad., 1979;
Jacobs et al., 1979 and Kalin et al., 1980). Serotypes 02
and 25 seldom cause bacteraemia or pneumonia in the United
States but are common causes of disease in Papua New Guinea
(Riley and Douglas, 1981) and in South Africa (Austrian,
1981), and a survey of pneumonia and meningitis in Nigeria
and Senegal indicated that serotypes 01 and 05 were the
most frequent types (Greenwood et al., 1980). Frequency of
occurence is not always a direct indication of the
incidence of disease, pneumococcal serotypes have widely

different invasive potential in and between man and animals

23



and there is an inverse correllation between case rates and
carriage (Riley and Douglas, 198l). For example, 60% of
carriers of serotypes 01 or 05 developed pneumococcalw
pneumoniab when they. devéloped an upper respiratory
infection, whereas only 5% of carriers of serotype 20 did
so (Hodges and MacLeod, 1946). Although the proportion of
cases caused by each serotype has changed over the years
the same twelve types are reponsible for the majority of
bacteraemic infections (Tilghan and Finland, 1937 and
Austrian and Gold, 1964) and eight serotypes account for
70% of ear infections (Kamme et al., 1970 and Douglas and
Riley, 1979). Severity of the disease can 'also be a
product of the serotype, bacteraemic infections caused by
type 01 have a fatality rate of % when treated with
penicillin, similarly treated infections caused by
pneumococcus type 03 are accompanied by a mortality of 48%
(Austrian, 1968). This difference in the prognosis caused
by different serotypes provides an additional reason for
identifying the capsular type of the organisms causing
infection. Even within a serotype virulence is greater for
certain strains (Griffith , 1981) than others and
satisfactory rapid differential markers beyond the
organisms capsular polysaccharide are required.
Recognition of these aggressive variants 1is essential to
our understanding and possible treatment at an early stage
of this life-threatening infection. Differentiation of
pneumococci at present is limited to identifying the

serotype of the strain's capsular polysaccharrides by its
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reaction with the 46 type or group antisera covering the 83
known serotypes. Sera are available only in the Danish
Serum Institute to recognise the antigens of which each
type 1is composed because of stability problems of the
highly absorbed antisera and the complexity of the number
of antigens. represented in each type. Antisera for
serotype 06, for example, is a group reagent which contains
antibody to detect sub-types 06A and 06B, which have the
antigenic formulae 06a, 06b and 06a,06c respectively; some
other groups have much more .complicated antigen
compositions. Therefore, under most situations, relatively
crude strain to strain differences only can be detected.
Essentially a differential scheme should preferably be
simple to perform, reproducible and perhaps relate to the
infective process under review. Ali typing systems depend
on the genetic stability of the markers chosen and it is
theofetically impossible to devise a perfect system for
epidemiology (Elek and Higney, 1970). Study of the
pneumococcus urgently needs a simple distinguishing test or
group of tests to provide suitable strain markers. Much of
the work on the pneumococcus was performed before modern
characterisation techniques were available and a
re-examination of some of these, for example enzyme
detection, derived from the old carbohydrate fermentation
tests, may have merit (Morch, 1943). Unique pneumococcal
enzymes have been recognised (H'Oltje and Tomasz, 1975;
Glasgow et al., 1977 and Kobata~a~!ﬁrfrbi978) which could

form the starting point for differentiation by
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characteristic enzyme patterns. The enzyme profile tests,
such as the APIZYM strip, a commercial source of prepared
substfates have been applied to detecting enzymes in cells
and bacteria (Humble et al., 1977 and Tharragonnett et al.,
1977) including the non-haemolytic streptococci (Waitkins,
1977), and may be applicable to the pneumococcus.
Alternatively indicator labelled substrates, e.g.
nitrophenyl or methylumberiferryl derivatives, provide an
inexpensive, rapid and sensitive indicator of enzyme
activity. Production of haemolysins has also been used
as a factor to recognise pathogenicity in the streptococci
and the clostridia and if more reliably produced in the new
anaerobic culture method could find application in the
pneumococci. Other observations, made éarly in the study,
on growth inhibition by the pH indicator, bromothymol blue,
and the Eh indicator, méthylene blue, were expanded into
investigations of these and other dyes as differential
indicators of individual strains. These new aspects
confirm that, nearly 100 years after its first recgnition,
there are still many fascinating and potentially rewarding
facets to the association of man and the pneumococcus.

The aims and objectives of this thesis therefore will be:-

i) to serotype, over a four year period, the pheumococci
isolated by the combined atmosphere culture method ffom
routine hospital laboratory specimens;

ii) to examine methods for this serotyping and the
detection of pneumococcal antigen in the patient;

iii) to examine factors affecting the recovery of
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pneumococci under different gaseous and cultural
conditions;

iv) to attempt to recognise differential properties of the
strains by their enzyme patterns and by their production of
haemolysins, and to assess the suitability of dye
inhibition in distinguishing among the pneumococci; a
number of different pneumococcal strains would be examined
during the study in order that recent clinical isolates be
tested in preference to laboratory maintained cultures
which may have lost their viruleunce during storage;

v) to test for antibiotic resistance;

vi) to collect and process epidemiological information on

the patients and strains seen during the study.
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2.1 PATIENTS

The patients were children aged between 1 day and 16
years who attended the Children's Hospital, Wesfern Bank,
Sheffield, for a variety of reasons not always directly
related to pneumococcal infections. Children were either
referred to the Hospital's OQut-patient departments
initially by their General Practitioner, admitted for a
pre-arranged operation, admitted as medical or surgical
emergency admissions to the wards at Western Bank or the
Thornbury Annexe (approximately 1.5 miles away) or came to
the Accident and Emergency Department. Several children
were referred from other Sheffield hospitals, e;g. Jessop
Hospital for Women (Maternity) and a further group of
éhildren were transferred from other hospitals in the Trent
Regional Health Authority, i.e. Rotherham, Doncaster,
Chesterfield, Scunthorpe, Grimsby and Lincoln, most
commonly bécause of complications following meningitis and

spina bifida.

2.1.1 Samples

Specimens were obtained from the patients by medical
or nursing staff by routine procedures.
i) Swabs. A sterilised cotton wool swab on a wooden stick
(Hospiswabs' MW130, Medical Wire) was used to obtain
méterial from the throat, nose, mouth, eyes, ears, burns,
operative and accidental wounds, vaginal secretions, skin

(finger, face and other sites), parotid duct or peritoneum
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of the patient as appropriate. Swabs Wefe also wused to
sample the lung surface, oesophagus, middle ear and
bronchial airways at autopsy. After sampling the swab was
returned to its plastic container for transfer to the
laboratory.

ii) Sputum was obtained with the help of a physiotherapist
or by suction after passing a catheter into the trachea of
an intubated child and collected into a sterile disposable
plastic bottle.

iii) Cerebrospinal fluid (CSF) was aspirated from the

lumbar_spinal region by the attending doctor. Occasionally
the fluid was taken from the ventricular space in the brain
or from the valve chamber or reservoir of a CSF shunt
system inserted in patients with hydrocephalus to reduce
the intercranial pressure.

(iv) Blood culture was performed by the medical staff after

skin disinfection of the venepuncture site with
Chlorhexidine (Hibitane, ICI). Approximately 2 ml of blood
was divided between two bottles of commercially prepared
"Bloodgrow" culture broth (MW 900, Medical Wire). The
bottles were incubated at 37°C for one week with daily
observation for growth. Gram-stained films were made from
bottles thought to show growth and if positive éubcultures
made on two blood agar plates, one each for aerobic and
anaerobic culture and on MacConkey agar for aerobic
culture; all were incubated at 37°C for up to 48 h. After
7 days, apparently negative bottles were subcultured on to

a heated blood agar plate which was incubated at 37°C for
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18 h aerobically with 10% CO,.

v) Sinus-antral washouts. Sterile normal saline was

instilled via a catheter to free the mucus and pus
obstructing the nasal sinuses. A sample of the washings
was removed by suction and placed 1in a sterile plastic
bottle.

vi) Urine. A midstream specimen of urine was collected ,;
after cleansing the external genitalia, and transferred
into a . screw cépped glass 25 ml bottle.

vii) Pleural Effusion Fluid from an empyema or pleural

effusion was obtained by the medical staff from the pleural
cavity with a syringe and needle and transferred to a 25 ml

glass bottle.

viii) Bladder Discharge. The contents of the bladder in

spina bifida patients with a non-functional bladder were
obtained by washing out the bladder with sterile saline

into a 25 ml glass container.

2.1.2 Transport of specimens to the Laboratory

During normal 1laboratory hours, specimens were sent
routineiy from the ward with minimum delay to reduce 1loss
of bacterial viability. Outside these hours, swabs were
placed into Amies transport medium (Oxoid), held at room

temperature and cultured the next day.

2.2 ISOLATION MEDIA AND CULTURAL CONDITIONS

All the pneumococcal strains were routine isolates

using the procedure developed in this laboratory (Howden,

31



1976) . The media wused Qere Blood agar (CBA) and heated
blood agar (HBA). Blood agar was Columbia agar base
(Ox0id) autoélaved at 15 1lbs/sq in for 15 min and allowed
to cool to 55°C before the addition of 7%  (v/v)
defibrinated horse blood (LabM). Heated blood agar was
prepared by similar methods except'that the complete medium
was heated to 90°C until its colour changed to dark brown.
The agar media were dispensed in 15 ml volumes in petri
dishes, allowed to set and the surfaces were dried for 10
min at 37°C. If the plates were not required on the day of
preparation they were stored at 4°C for up to 2 days.
Specimens were spread evenly over approximately 20% of the
area of a CBA or an HBA plate and spread with a sterile
nichrome wire loop in three stages to obtain discrete
colonies. Plates were incubated at 375C for 18 h, the HBA
plate aerobically in an atmosphere enriched with 5-10% CO,
(Distillers Co.) and the CBA plates anaerobically as

described in the gaseous environment, Section 2.4.1.

2.3 IDENTIFICATION OF ISOLATES

Gram-stained films and a catalase slide test were
performed on suspected pneumococcal colonies.
Gram-positive diplococci that were catalase negative were
identified by tests for bile solubility and optochin
sensitivity.

i) The rapid bile solubility test (Howden, 1979) was

carried out by placing a loopful of a 10% (w/v) aqueous

sodium deoxycholate solution, pH 7.0 on the suspected
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colony. After incubation at 37°C for 10 min pneumococcal
colonies had dissolved and non-pneumococcal colonies
remained entire. If a doubtful result occurred, the rapid
test was confirmed by overnight bile ‘solubility and
optochin sensitivity tests.

ii) Overnight bile solubility. To 1 ml of an overnight

culture was added 1 ml of 10% (w/v) sodium deoxycholate
solution. After incubation at 37°C for 10 min, the fluid
was examined; clearing of the culture was a positive result
and a negative result was wheh the culture remained turbid.

iii) Optochin test (Lund, 1959). The test culture was

spread on to half of a blood agar plate and an optochin
paper disk (Mast Laboratories) added; the plate was
incubated in air plus 10% CO, at 37°C for 18 h. A zone of

inhibition >18 mm in diameter was a positive result.

2.4 EFFECTS OF GASEOUS ENVIRONMENT ON GROWTH

2.4.1 Incubation conditions for the clinical specimens

The cultures were incubated under the standard
anaerobic conditions used in the 1laboratory. The
inoculated plates were placed, with the 1id uppermost, 1in
an anaerobic jar (Baird and Tatlock) equipped with a
palladium catalyst (Oxoid). The air was evacuated to a
vacuum of 660 mm Hg and replaced with a gas mixture of 90%
H, and 10% CO,. Reaction of the oxygen remaining in the
jar and the added hydrogen under the influence of an active

catalyst produced a secondary vacuum of 20 mm Hg within 10
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min which was equalised with more of the gas mixture. The
jars were incubated at 37°C for 18 h. A nutrient agar plate

streaked with a culture of Pseudomonas aeruginosa was

included in each jar as a control. The Pseudomonas, an

obligate aerobe, would not grow if all the oxygen had been

removed and the vessel remained airtight.

2.4.2 Culture of pneumococci to determine the optimum

conditions for growth

Pneumococcal cultures were incubated 1in seven
distinct gaseous atmospheres given below:

a) 90% hydrogen (H,) and 10% carbon dioxide (CO,);

b) 100% H,;

c) 100% nitrogen (N,);

d) 5% H,, 85% N, and 10% CO,;

e) 5% CO, in a CO, incubator;

f) aerobic without extra CO,;

g) candle jar container;

For suppliers of the gases see Appendix A.

The routine 1laboratory procedure as described in
2.4.1 was followed for all gases with the exception of
nitrogen which required an extra stage. After evacuating
the Jjar to 660 mm of Hg nitrogen was added, followed by a
further evacuation to 660 mm Hg and a second introduction
of the gas. A secondary vacuum was not produced by the
nitrogen gas and the jar was immediately placed in the

incubator. The candle jar conditions were obtained by
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placing a lighted candle in the jar which burns until
approximately 3% of the O, has been consumed and
approximately 2.5% CO, has been producea.

All cultures were incubated at 37°C unless otherwise

specified.

2.4.3 Comparison of aerobic and anaerobic incubation for

the isolation of pneumococci from routine nasal swabs

During a three month period routine nasal swabs were
cultured on to two CBA plates, one incubated anaerobically
with CO, and the other aerobically with CO,. The swabs
were then broken off into 7 ml of Todd-Hewitt broth (T-H),
containing 1% (w/v) liver digest (T-HL), in a 150 X 12 mm
loose capped glass test tube. After 18 h at 37°C the
plates were examined for pneumococcal colonies and the
broths subcultured on two CBA plates, incubated and
examined as the original plates. A total of 89 specimens

were tested.

2.4.4 The growth of pneumococci under different gaseous

conditions.

| To further compare the effect of gaseous conditions
on pneumococcal growth eight recently isolated strains were
cultured in an extended range of gas mixtures. The culture
method was in two stages, firstly the test strain was grown
anaerobically with CO, on CBA for 18 h at 37°C, a single
colony transferred to 5 ml of T-H broth, incubated for 4 h

at 37°C, centrifuged, washed in sterile distilled water and
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finally resuspended in 1 mi of sterile distilled water.
Each suspension was seeded on seven freshly prepared CBA
plates wusing the standard 1loop method (McGeachie and
Kennedy, 1963). Since it is known that small numbers of
bacteria are more exXacting in their in vitro growth
requirements the suspension was diluted 1 in 100 in sterile
distilled water and subcultured using the standard 1loop
method. All plates were incubated at 37°C for 18 h in the
atmospheres given in Section 2.4.2.

The loss of viability after diluting the supension 1 in 100
was investigated using a strain each of serotypes 6 and 18
grown and washed in sterile water as in the above
experiment, diluted 1 in 10, 1 in 50 and 1 in 100 in
sterile distilled water, PBS and T-H broth; each dilution
was subcultured on to CBA and incubated anaerobically with
CO, and aerobically at 37°C for 18 h. |

Four cultures were tested by a modified procedure for
gaseous requirement, the second stage dilution was 1 in 100

in PBS. After 18 h at 37°C the viable count was recorded.

2.4.5 Direct isolation and gaseous environment

To study the need for different atmospheres, on
primary isolatioh, nasal swabs were obtained from four
patients suspected of carrying pneumococci. The organisms
were washed from the swabs into 0.5 ml of PBS and the
standard loop method used to inoculate seven CBA plates; 5
ml of T-H was added to the remaining suspenéion. All

cultures were incubated at 37°C for 18 h with one of each
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of the seven seeded plates incubated under the seven

conditions given in Section 2.4.2.

2.4.6 The requirement for CO,

It is generally accepted that certain pneumococci
require extra CO, (Austrian, 1965) for artificial culture,
nd comparisons were made of growth on CBA under the

following conditions:-

Anaerobically in H,, CO, level approximately nil
Aerobically, : CO, level approximately 0.03%
Candle jar, CO, level approximately 2.50%

Carbon dioxide incubator, CO, 1level approximately 5.0%
Four strains, one each of serotypes 03, 09, 19 and 33,
recently isolated from clinical samples were cultured under
each of the above conditions at 37°C for 18 h.

Repeat nasal samples were obtained from two patients
previously shown to carry pneumococci. The organisms were
washed from the swabs into 0.5 ml of sterile distilled
water and a loopful of the suspension plated on to 4 CBA
plates and 4 heated CBA plates (HBA). One plate of each
medium was incubated aerobically, aerobically plus 5% CO,,
anaerobically and anaerobically plus 10% CO,.

A simple method was developed to assess the requirement for
CO, by recently isolated cultures. A light suspension of
the strain was made in PBS, subcultured on to two CBA
plates by the standard loop procedure; one plate was
incubated in the aerobic incubator and the second in the

CO, incubator, both at 37°C for 18 h.
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Absence of growth on the aerobic and growth on the CO,
plate was taken to indicate CO, dependence. The test was

repeated on all dependent strains to confirm the need for

co,.

2.5 IDENTIFICATION OF CAPSULAR SEROTYPES

Four methods were wused for capsular typing of

isolates.

2.5.1 Capsule swelling test

The test strain was mixed with a loopful of each of
the Pooled antisera (Statens Seruminstitute, Copenhagen) on
a glass slide and observed for apparent increase in
capsular size. The pooled antisera consisted of an
Omniserum; containing antibodies raised ‘against all
pneumococcal antigen types, and nine sera that contained
antibodies to a smaller group of serotypes; by these sera
the unknown strain could more readily be assigned to a

single serotype group.

2.5.2Immunodiffusion

Prior to obtaining electrophoresis equipment capsular
antigen was detected 1in pneumococcal broth cultures by
immunodiffusion.

A glass microscope slide (6.5 x 2.5 cm) was placed on a
level platform and 2 ml of molten Nobel agér in half
strength Veronal buffer (Table 2.1) pH 8.6, poured on to

it. When the agar was set, wells, 1.5 mm diameter with
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inter-well gaps of 3 mm, were cut in the agar. This
pattern of holes allowed four antigens to be tested against
the 10 pooled antisera. The respective solutions were
added to the wells using glass capillary tubes and the’
slide placed in a moist chamber for 18 h at room
temperature. If a precipitation line, observed against a
dark background, formed between an antigen and antiserum
well, the antigen was retested with the individual antisera
of that pool. A permanent preparation was made by staining
the precipitation 1lines after the soluble proteins
remaining in the gel had been removed by immersing the
slide in physiological saline for 24 h at 37°C followed by
4 h in tap water. The gel was stained with the Amido Black
solution (Table 2.2) for 30 min and the excess colour
removed by decolourisation in 1% (v/v) glacial acetic acid
containing 1% (v/v) glycerol. The agar was finally dried
at 37°C and examined for black stained precipitation lines.
Four methods of pneumococcal antigen extraction were
compared :-

i} T-H broth culture supernate, after 18 h at 37°C;

ii) Alcohol extraction of T-H culture broth. Two volumes

of 74 OP ethyl alcohol mixed with 1 volume of culture at
4°C for 18 h; supernate removed and the deposit made up to

0.1 volume;

iii) T-H culture, lysed by 1% of a 10% (w/v) solution of

sodium deoxycholate at 37°C for 2 h, followed by alcohol

precipitation as for method ii);

iv) Protein reduced lysed T-H culture by boiling with 1% of
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50% (v/v) acetic acid, cooling, neutralising with sodium

hydroxide before proceeding as for method iii).

2.5.3 Immuno-electrophoresis

Pneumococcal antigen was obtained from the supernate
of an overnight culture in Todd-Hewitt liver digest broth
(T-HL) . On a glass slide on a level surface, 2 ml of 1%
(w/v) molten agar in either Veronal buffer, pH 8.6, or Tris
buffer, pH 8.1 (Table 2.1), were poured and allowed to set.

Parallel rows of wells, 2 mm in diameter, were cut 5 mm
apart. The holes in one fow were filled with the test
antigen and the opposite row with pneumococcal antisera.
The slide‘ was placed on the central platform in the
electrophoresis chamber and paper wicks were led from the
edge of the agar into the buffer chamber containing the
same buffer. Tris buffer was diluted 1 in 9 in distilled
water for use. A constant current or constant voltage was
applied from the the power pack to the electrophoresis tank
for a Eime specified in the experiments described below.
The heat produced by current passing across the slide was
absorbed by placing a plastic platten containing ice
beneath the slide before each electrophoretic run. Lines
of precipitation were first observed against a dark
background. The gel, washed overnight in physiological
saline, wés transfeired to tap water for 4 h, and stained
in coomassie blue (Table 2.2). The dye solution, diluted 1
in 20 in 12.5% (w/v) trichloroacetic acid (TCA), was left

on the slide for 15 min, the excess stain removed in TCA
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TABLE 2.1

Buffer and staining solutions used in electrophoresis

Veronal buffer (pH 8.6)

Sodium barbitone 10.00 g
Sodium acetate 6.50 g
Distilled water 1.00 1
Thymol (5% (w/v)‘aqueous) 5.0 ml

The buffer was brought to pH 8.6 with HC1

Tris buffer (pH 8.1)

Tris (hydroxymethyl) aminomethane 0.60 g
Glycine 2.90 ¢
HC1 (1 N) 0.5 ml
bistilled water 100 ml
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TABLE 2.2

Staining solutions used in electrophoresis

Amido Black Stain

Amido Black 1 g
Acetic acid (glacial) 7 ml
Distilled water to 100 ml

Decolourising Solution I

Ethyl Alcohol (66 OP) 90 ml
Acetic acid (glacial) 20 ml
Distilled water : 900 ml

Decolourising Solution II

10% (w/v) aqueous Trichloracetic acid

Coomassie Blue Stain

Brilliant Blue R lg

Distilled water 100 ml
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before the slide was dried in air.

Crossed immunoelectrophoresis or electroendosmosis, a rapid
but more complicated technique than immunodiffusion,
required a series of experiments to select the most
suitable method. The supernate from 100 ml of an 18 h
Trypfone soya broth (TS) culture, at 37°C, of a
pnuemococcal strain found to react with pool H antiserum by
the immunodiffusion method was used throughout the first

series of tests:-

i) Agar/agar and indubriose in Veronal buffer were compared

at a constant current of 10, 20 or 30 ma for 30 min and at

250 mv constant voltage.

ii) A repeat of series i) with Tris buffer replacing the

Veronal buffer.

iii) Repeat testing in agar/agar gel in Tris and Veronal

buffers at a 100 mv.

iv) Agar/agar and indubriose gels were repeated in Tris

buffer at 50 ma constant current.

v) Indubriose gel in Tris buffer at 100 mv for 30 min; the
reaction temperature was. reduced by a frozen platten

beneath the slide during electrophoresis.

vi) Fresh group H antigen prepared in Todd-Hewitt broth was

tested under the conditions used in v).

vii) Source of the precipitation artefact was investigated

by obtaining antigen as supernate from both TS and T-H
broths with and without 1% (w/v) liver digest and/or 1%

(w/v) haemoglobin solution and passing a constant current
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of 100 mv for 1 h in indubriose agar and Tris buffer.

viii) New antigen was prepared from whole culture, whole

culture lysed with sodium deoxycholate and the culture
supernate, both with and without alcohol precipitation, and

compared under the conditions used in vii).

ix) The Veronal buffer system was retested with antigens

from cultures of serotypes 06, 23 and group E identified by
slide agglutination. A constant current of 20 ma was
applied for 30 min on the antigens against Omni, pool B,
pool H, pool E, serotype 06 ahd serotype 23 antisera in
indubriose and agar/agar gels.

xX) Sensitivity of each system was assessed with neat, 1 in

3; 1 in 6, 1 in 12 and 1 in 24 dilutions of serotypes 06
and 23 antigens in both gels under the conditions used in
vii).

Cultures of pneumococci in T-H, previously tested by
immunodiffusion and stored at 4°C, were tested by
electrophoresis at 20 ma per slide for 30 min in Veronal:
buffer against their respective pool and component sera;
strains non-reactive by immunodiffusion were tested with
the sera égainst the pool and serotype 06, 19, 23 and 18
antigens.

The interwell gap in the initial tests, 5 mm, was compared
with gaps of 2 and 3 mm using 10 strains of groups A, D and
F in agar/agar, Veronal buffer at 100 mv for 30 min.
Agar/agar and indubriose gel were both tested at pH 8.6 and
PH 6.6, using antigens from ix), at 30 ma constant current

for 30 min.
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Sensitivity of the pH 6.6 gel for pool antisera was tested
using antigens of groups A, B, C, F, G and H, neat and
diluted 1 in 12 phosphate buffered saline (PBS).

x1i) Detection of pneumococcal antigen in the foilowing body

fluids was atﬁempted in agar/agar with Veronal buffer at 30
ma for 30 min:-

a) CSF was centrifuged at 2000 rpm for 10 min and the
supernate used as the antigen;

b) Sputum was liquified with an equal volume of _2% (w/v)
N-acetyl cysteine (Airbron), centrifuged at 2000 rpm for 15
min and the supernate used as the antigen;

c) Whole blood was allowed to clot in a sterile glass
bottle and the serum obtained after centrifugation at 2000

rpm for 10 min used as the antigen.

2.5.4 Co-agglutination

The method used was essentially that of Kronval

(1973). A freeze dried ampoule of Staphylococcus aureus

Cowan Type 1 (NCTC 8530) was obtained from the National
Collection for Type Cultures, Colindale, London.

i) Preparation of Protein-A suspension. The organism was

grown for 18 h at 37°C either:-

a) in a cotton wool plugged flask (17cm base diameter)
containing 150 ml of Casein-Cysteine-Yeast broth (CCY,
Table 2.3) (Ardvison et al., 1971) from which the contents
were harvested by centrifugation at 2000 rpm for 20 min in
universal containers, or

b) as lawns on the surface of eight petri dishes containing
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TABLE 2.3

Casein-Cystine-Yeast medium for the culture of

Staphylococcus aureus

Basal medium

Casein 8 g
Yeast extract 2 g
Sodium»lactate 1.5 ml
Na,HPO,.2H,0 0.2 g
KH,PO, , 0.08 g
(NH,) ,SO, 0.2 g
Tryptophane 0.016 g
L-cystine 0.02 g
Distilled water 200 ml

To the medium, autoclaved at 10 1lbs/sq in for 15 min, when

cool were added 2 ml of Supplements A and B (given below)

Supplement A Vitamin solution
Thiamine 0.02 g
Nicotinic acid 0.04 g
Distilled water 100 ml

Supplement B Mineral solution
MgSsO,.7H,0 0.2 g
MnSO,.4H,0 0.1 g
FeSO,.7H,0 0.06 g
Citric acid 0.06 g

Distilled water 100 ml
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15 ml of Columbia base agar (LabM). The growth from each
plate was removed with the edge of a sterile microscope
slide into 10-15 ml of PBS and the suspension centrifuged
at 2000 rém for 20 min in universal containers.

The deposit from either method was formalised by suspending
in 25 ml of PBS containing 0.5% (v/v) formaldehyde solution
BP 36% (v/v) (Evans Medical) for 3 h at room temperature.
After washing four times in PBS, the concentration of
treated cells was adjusted to 10% (v/v) and placed in a 100
ml beaker. A 2 metre length of sterile silicone tubing
(internal diameter 0.5 cm) and peristaltic pump were
arranged to pass the suspension continously through an 80°C
water bath for 3 h.

ii) Modification to the CCY broth method was sought to

enhance growth and speed harvesting of the staphylococci:-
a) CCY agar plates were prepared, covered with a sterile
semi-permeable membrane (cellophane jam pot cover) seeded
with the staphylococcus, incubated for 48 h at 37°C.

b) Alternatively the agar was seeded without membranes and
the growth removed by scraping into PBS;

iii) Preparation of protein-A co-agglutination reagent

(PCR) . To 0.035 ml of the formalised heat treated
protein-A preparation was added 0.007 ml of pneumococcal’
capsular antiserum. After 30 min at room temperature this
was diluted 1 in 4 with PBS containing 0.1% (w/v) sodium
azide before use.

iv) Testing of an unknown pneumococcal isolate.

47



Pneumococcal antigen was obtained by either emulsifying an
anaerobically cultured colony in a loopful (0.005 ml) of
saline or as the supernate from a T-HL cﬁlture. A loopful
of each of the PCR pools in turn was mixed with the antigen
on a glass slide and observed for aggregation of the
suspension (co-agglutination) for up to 1 min. If
co-agglutination was obtained with a pool PCR, the PCR of
each of the individual serotypes of that pool were tested.
To investigate certain pneumococcal strains which, when
grown in T-H broth, gave no or slow agglutination with pool
PCR reagents two strains showing this effect were grown in
TS, RCM, CCY and T-H broths with and without 10% (v/v)
serum at 37°C for 18 h.

Extraction and concentration of the antigen released into
T~H broth was attempted by acetone _and alcohol
précipitation both with and without prior boiling to remove
. protein.

v) Modification in the preparation of PCR reagents was

necessary to cause stronger reactions with certain strains.
At the dilution previously used for all reagents, 1 in 28,
although more concentrated than Kronvall's recommended 1 in
100, Omni, pool D and serotype 03 PCR reagents gave weak or
negative pool reactions with some of their specific
antigens. The volume of antiserum added to the prepared
protein-A and the amount of PBS for the in-use dilution was
varied for each of the screening reagents. Sensitising
dilutions (SD) were made at 1 in 2 (SDl), 1 in 7 (Sb2) and

1 in 14 (sSD3) for each of the antiserum pools and serotype
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03 in 10% (v/v) treated protein-A for 30 min and further
diluted for use (UD) to 1 in 2 (UD2), 1 in 3 (UD3) and 1 in
4 (Up4) and examined for co-agglutination of the test
strains indicated below:- |

a) Omni serum was tested with strains of serotypes 03, 04,
06, 09, 11, 14, 15, 19, 21 and 23 at SDl, neat and UD2, SD2
and SD3; |

b) Pool B: strains of serotypes 03, 06, 08 and 19 were
tested at SD1 and SD2 and UD4;

c) Pool H: strains were tested of serotypes 13, 14, 15, 23
and 28 at SDl, SD2, SD3 and UD4;

d) Pool E: with serotypes 10, 21 (two strains) and 33 at
spl, sD2, SD3, UD2, UD3, UD4;

e) Pool D: serotypes 09 (two strains), 1ll1 (two strains), 16
and 37 at SD1l, SD2, SD3 and UD2;

f) Pool F: serotypes 17 (three strains) at 8Dl, §SD2, SD3
and UD2;

g) Pool G: serotypes 34 and 35 (four strains) at SD1, SD2
and SD3;

h) Pool A: serotypes 01 (two strains), 04 and 18 at SDl,
SD2 and UD3; '

i) Pool C: serotypes 07, 27 and 31 at SDl, SD2 and OD2;

j) Pool 1I: two strains "x" .and "y" (not individually
serotyped) at SD1l, SD2 and sz; |

k) Serotype 03: three strains termed "M", "N" and "R" at
Spl, SD2 and SD3, the antigen from ét?aiﬁ R was diluted 1
in 25, 1 in 100, 1 in 150, 1 in 250 and 1 in 625.

vi) Alternative methods of antigen extraction of a serotype
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03 culture, incubated on 10 CBA plates anaerobically with
CO, at 37°C for 18 h were performed as follows:-

a) growth from three plates was scraped into sterile
' diétilled water, lysed with 1% (w/v) sodium deoxycholate
and boiled to remove protein; when cool the polysaccharide
was precipitated with 2 volumes of‘ cold 74 OP ethyl
alcohol;

b) as for a) except that cold acetone was the precipitant;
c) colonies from 2 plates were lysed in situ with the
deoxycholate solution and washed off aﬁd treated as a);

d) as for c) except that acetone was used to extract the
polysaccharide.

Growth in RCM broth at 37°% for 18 h was similarly treated
as follows:-

e) 10 ml of culture as in a) precipitated with alcohol;

f) 10 ml of culture as in b) with acetone;

g) 10 ml of culture boiled and precipitated with alcohol
but without prior lysis;

h) as in g) except that acetone was used.

After 18 h at 4°C the extracts were centrifuged, the
supernate removed, the precipitate reconstituted in 2 ml of
distilled water and titred against serotype 03 PCR reagent.

vii) Loss of antigenicity was noted for certain strains

after storage in T-H broth when compared to growth of the
same scraped from blood agar culture. This effect was
examined by growing a strain each of serotypes 01, 03, 06,
17, 19, 20, 22, 23, 33, 35 and group I at 37°C for 18 h in

T-H broth and on CBA plates. Half of each broth was stored
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at 4°C and RT; a suspension from each plate was also made
in PBS and stored at 4°C. The reaction of each strain was

confirmed against 1its pool and component reagents at that

time and again after 7 days.

2.6 THE EFFECTS OF MEDIA ON PNEUMOCOCCAL GROWTH

The ability of certain media to actively support
pneumococcal dgrowth for isolation and antigen and enzyme
testing was invéstigated. Media were prepared from
Todd-Hewitt broth, formulated for the production of
streptococcal toxins, Re-inforced clostridial medium broth,
an aﬁaerobic culture medium, and Tryptone soya broth, a

blood culture medium.

2.6.1 Reinforced Clostridial broth

The commercial Reinforced clostridial medium (RCM)
was prepared as three variants, in 5 ml volumes:-
i) BRCM, a 1% (w/v) solution of methylene blue was added at
1% (v/v) to RCM from which the agar had been removed by
filtratioﬁ.
ii) BRC, RCM prepared by removal of the agar (without the
addition of methylene blue);
iii) RCM, prepared with agar but without the dye.
A series of broths was seeded with 0.2 ml of a faintly
turbid suspension in PBS of each of 5 strains (one culture
of serotypes 06, 08 and 14, and two of serotype 03),

incubated at 37?C for 18 h.
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2.6.2 Liver digest

Liver digest powder (LD, Oxoid), a source‘of growth
factors, was added to three commercial media (LabM),
tryptone soya broth, RCM and Todd-Hewitt broth at a
concentration of 1% (w/Vv). Doubling dilutions of these
media in their respective bréths was made down to 0.03%.
To each dilution and a control tube, without LD, was added
0.1 ml of a light suspension of a serotype 03 culture in

PBS; incubation was at 37°C for 18 h.

2.6.3 Growth at different pH values

Three cultures (serotypes 01, 03 and 33) were
examined in the following eight media:-
a) THA78 : prepared by solidifying T-H broth with 1% (w/V)
Agar No.3 (Oxoid), pH 7.8;
B) THA73: prepared from THA78, after adjusting the pH of
the medium to 7.3 with N HCl, with the addition of 1% (v/v)
of a 0.2% (w/v) bromocresol purple solution (BCP);-
c¢) LTGA68: prepared from 1 g, Lab Lemco , 2 g tryptose, 0.2
g glucose and lg of Agar'No.3 in 100 ml of distilled water,
final pH 6.8;
d) THTA78: prepared by adding 1% (v/v) of a 0.2% (w/v)
bromothymol blue solution (BTB) , 0.2% (w/v) sodium
bicarbonate and 0.04% (w/v) disodium phosphate to THTA, pH
7.8,;
e) RCMA68: prepared by adding 0.8% (w/v) Agar No. 3 to RCM
broth;

f) RCMA73: by adding 0.2% (w/v) sodium carbonate to RCMA,
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adjusting the pH of the medium to 7.3, and 1% (v/v) BCP;

g) RCMA78: with sodium bicarbonate at 0.2% (w/v), disodium
bhosphate at 0.04% (w/v) and BTB at 1% (v/v), final pPH 7.8;
h) CBA, pH 7.3;

Each of ﬁhe media, after being autoclaved at 15 1lbs/sq in,
were spread with the three strains, serotypes 01, 03 and

31, and incubated, anaerobically with CO,, for 18 h at
37°CQ

2.6.4 viability and turbidity

Three pneumococcal strains, serotypes 06, 19 and 23
were cultured in 5 ml of T-H broth, aerobically and on a
CBA plate incubated, anaerobically with CO,. After 18 h at
37°C the broths were centrifuged and the deposits made up
to 5 ml in PBS; the growth from the plate was scraped with
a sterile glass slide into 5 ml PBS. Viable counts were
performed on each sample by a standard loop method. The
turbidity of each suspension was measured in a
spectrophotometer aﬁ 660 nm, and at 260 nm, after the

suspension had been lysed with bile for 1 h at 37°C.

2.6.5 The effects of cysteine and sodium bicarbonate on

growth in Todd-Hewitt broth

T-H broth, suitable for the production of capsular
material for serotyping, had the disadvantage that
viability of the culture was rapidly lost and the formulae
could not be wused for other studies. The action of

cysteine and/or sodium bicarbonate to improve growth in
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this medium was investigated in the following manner:-

i) Cysteine hydrochloride. A 0.05% (w/v) aqueous sterile

solution was diluted 1 in 10 in T-H and then double diluted
in 5 ml of T-H to give 2 rows of five tubes at
concentrations from 0.05 to 0.003% (w/v). A control tube,
5 ml of T-H without.cysteine, was included in each row.
Into each tube was mixed 0.2 ml of a light suspension of a
serotype 03 strain, prior to incubation at 37°C.

ii) Sodium bicarbonate was added, after 5 h incubation, as

0.2 ml of a 0.2% (w/v) sterile aqueous solution to each of
one row of the above, including a control tube, before
incubation for a futher 16 h.

iii) Adjustment of the cysteine solution to pH 7.0 was

made, with 0.1N NaOH, and four media prdduced:-
a) T-H only; :

b) T;H plus 0.025% (w/v) neutralised cysteine (T-HC);

c) T-H plus 0.025% (w/v) neutralised cysteine plus 0.1%
(w/v) éodium bicarbonate (T-HCB);

d) T-H plus 0.1% (w/v) sodium bicarbonate (T-HB).
Three>further cultures, serotypes 08, 19 and 23 strain,
were cultured in the four media at 37°C. After 24 h the
turbidity was noted and viable counts were made by the
standard loop method.

A further six cultures, of serotypes 03, 06, 11, 14, 15 and
a non-capsulate strain, were cultured in the cysteine broth
(T-HC); the cysteine and bicarbonate broth (T-HCB), and T-H
wifh liver digest and haemoglobin solutiohs at 1% (w/v)

(T-HLH) for 18 h at 37°C.

54



2.6.6 Selective agents for pneumococcal isolation

The practical advantages of selective culture methods
for the recovery of pneumococci from clinical samples was

examined in three ways:-

i) Broth cultures. Six mixed cultures were prepared with

the Oxford strain of Staph. aureus (SOX) and six recent

pneumococcal isolates to examine the selective effect of
sodium azidé or gentamicin in T-H broth. The strains,
serotypes 03 (three cultures), 04 (one culture) and 14 (two
cultures), cultured on CBA anaerobically with CO, at 37°C
for 18 h, were suspended in 5 ml of PBS, and to each was
added 0.2 ml of a suspension of a fresh culture of SOX,
suspended in PBS. Three media were prepared in 5 ml
volumes: Todd-Hewitt broth containing 1% (w/v) liver digest
(T-HL), T-HL containing 0.01% (w/v) sodium azide (AT-HL)
and.T-HL coﬁtaining a 2 ug gentamicin disc (0.4 pg/ml)
(GT-HL). :\ 0.1 ml volume of the pneumococcal/SOX
suspénsion was added to each of the three media, incubated
at 37°C for 18 h and subcultured on CBA agar for 18 h at
37°C. Control tubes of each of the pneumococci and the SOX
were made in T-HL and similarly incubated.

ii) Antibiotic discs placed on plate cultures were assessed

for their inhibition of respiratory isolates. Nine
pneumococcal and four non-haemolytic streptococcal (NHS)
isolates from respiratory specimens were examined for
inhibition by commercial discs of 2 pg gentamicin, 10 ug

fucidin, 30 ug kanamycin and 200 ug nitrofurantoin.
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A light suspension of the test organism, in PBS, was spread
on to lysed blood sensitivity agar plates by the
comparative 2zone method (Stokes, 1968); SOX acted as the
control organism. After 18 h aerobic incubation without
extra CO, at 37°C the zone diameters produced by the test
and control cultures were measured.

iii) Gentamicin containing blood agar.

a) The amount of gentamicin necessary for inclusion in agar
plates for selective culture was assayed by measuring the
minimal inhibition céncentration (MIC) of gentamicin for
pneumococci. Plates of heated blood sensitivity agar were
prepared containing:- gentamicin‘ sulphate at 0.12, 0.25,
0.5, 1, 2, 4 and 8 ug/ml. A loopful of the nine
pneumococcal suspensions and the SOX control were seeded on
to each of the dilutions, incubated at 37° for 18 h and
the presence or absence of growth recorded. The plate
containing the first concentration not permitting growth
was taken as the MIC.

'b) Throat and nasal swabs from a total of 59 patients were
cultured on to three plates, two containing 5 jg/ml
gentamicin in CBA (GCBA) and the third a CBA plate without
gentamicin. One GCBA was incubated aerobically, the other
in the CO, incubator and the CBA plate anaerobically with
CO,; -all were incubated at 37°C for 18 h.

c) A short series of 12 routine swabs was cultured on CBA
aerobically with and without CO,, anaerobically with and
without CO, and on GCBA anaerobically with CO,.

d) With eight further swabs a light suspension was made of
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the growth obtained anaerobically with CO, on CBA in 1 ml
of PBS cultured aerobically and anaerobically both with CO,

onGCBA plates for 18 h at 37°C.

2.7 Enzyme Studies

A number of approaches were made to demonstrate

pneumococcal enzymes to investigate potential differential

characters.

2.7.1 Carbohydrate fermentation

Enriched serum-free media were examined for
suitability and speed of reaction in the detection of
carbohydrate fermentation as an alternative to the serum
water sugars usually used with the pneumococcus:

i) CTA medium (BBL), recommended for fermentation studies

of fastidious organisms, was prepared in 7 ml volumes 1in
sealed bijoux bottles, with and without i% (w/v) liver
digest. A bottle of each medium was seeded with seven
pneumococcal cultures, serotypes 13 (T52), 03 (T69), 23
(T109), 06 (four strains, T122 and W1l54, from different
patients, and T123 and T124, from the same patient) and a

strain of Streptococcus faecalis. Repeat cultures of the

same strains were tested in the media supplemented with 20%
(v/v) egg yolk emulsion and CTA with yeast extract, 0.3%
(w/v). Each series was incubated at 37 < for 48 h.

ii) Defined Gonnococcal broth (Difco), described for the

cultivation of Neisseria gonorrohoea without serum, was

prepared in three forms i.e. as the base only, as the base
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containing supplements and as the base containing 0.5%
(w/v) mannitol. The above eight strains were cultured for
48 h at 37°C in each of the three formulae and the growth
and approximate final pH noted.

iii) Modified Todd-Hewitt broth was prepared, without

glucose, to contain Lab Lemco 10g; tryptone 20g; sodium
bicarbonate 2g; sodium chloride 2g; disodium phosphate 0.4g
in a litre of distilled water. Four media were made from
this base by the-addition of 0.5% (w/v) of either glucose,
mannitol, salicin or sucrose and tested with four

pneumococcal strains and a Staph. aureus (SOX) culture

incubated at 37°C; the broths were examined after 18 and 42

h incubation.

iv) Columbia agar base was prepared with 0.75% (w/V)

sucrose and 1% (v/v) bromocresol purple indicator solution
and with 10% (v/v) horse serum or with 10% (w/v) £finely
powdered chalk. Cultures of seven pneumococci and a S.
faecalis were spread on the three media and growth and acid

production recorded after 18 h incubation at 37°C.

2.7.2 Basal sugar testing medium

Alternative serum-free media for carbohydrate studies

were assessed for use with the pneumococci.

i) Trypticase-yeast-liver-succinate broth (TYLS) . The

suitability of TYLS for carbohydrate fermentation studies
was tested with pneumococci grown in the new medium with
and without haemoglobin and cystein, and in Columbia base

broth (CB) and RCM broth. TYLS was prepared from:-
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Trypticase 1.00 g
Liver digest 0.50 g
NaCl 0.50 g
Yeast extract 0.30 g
Sodium succinate 0.25 g
Distilled water 100 ml

(final pH 7.2).
Columbia broth (CB) was obtained by suspending 3.9 g of
Columbia agar base in 100 ml of distilled water, allowing
the agar to settle for 30 min and deéanting the clear fluid
above the agar into a flask for sterilisation.
Supplemented formulae of TYLS and CB were made by adding to
each 10 ml of the basic medium 0.1 ml of separately
sterilised haemoglobin (500 mg/ml) and cystein HC1 (3.7%)
solutions prior to | use. Six cultures, serotypes 03
(T1279), 06 (T1093), 09 (T1512), 17 (W801l), 19 le453) and
33 (wW787), each suspended in 0.5 ml of PBS, were added in
0.1 ml volumes to 3 ml of each of the five broths and a
loopful spread on to two CBA plates. One plate was
incubated aerobically without extra CO, and the other
aerobically with CO,; cultures T1093, T1512 and W80l had

been shown to be carboxyphilic (Section 2.4.6).

ii) Streptococcal basal medium for carbohydrate

fermentation

a) Streptococcal basal broth (SB), an alternative new
medium for carbohydrate testing was made from:-
Tryptose 1.00 g

Proteose peptone 0.50 g
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Yeast extract 0.30 g

Liver digest 1.00 g
JNaCl 0.50 g
Cystein HCl 0.04 g
Distilled water 100 ml

(final pH 7.2)

Suspensions from eight isolates, serotypes 06 (T2907 and
T2908, from ‘the throat and nasal swabs of the same
patient), 09 (T2860), 16 (T2744), 19 (T2645 and W1799), 23
(T2894 and T2901), were each made in 1 ml of PBS and a 0.2
ml volume transferred to 5 ml of SB, RCM and T-H broths,
incubated at 37°C for 18 h.

b) Streptococcal basal Agar (SBA) was SB solidified with 1%
(w/v) agar No.l. Plates of SBA and CBA were used for the
subculture of the above strains grown in SB under aerobic,
aerobic with CO, and anaerobic with extra CO, conditions
for 18 h at 37°C.

c) Attemptedlenhancement of growth in SB: the value of
(dditives to SB was assessed by preparing the basal broth

formula to contain one of the following:-

sodium acetate 0.30% (w/Vv)
sodium bicarbonate 0.20% (w/v)
ornithine 0.50% (w/v)
arginine 0.50% (w/Vv)
choline 0.50% (w/v)
glucose 0.50% (w/v)
sodium succinate 0.25% (w/v)

haemoglobin solution 1.00% (w/v)
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agar No.l . 0.05% (w/v)

phosphate buffer (K,HPO, 1l.21 g/L and KH,PO, 0.34 g/L).
A 0.2 ml volume of suspensions of four cultures, serotypés
14 (T2989), 15 (T2860 and W2077) and 19 (T2645) in 2.5 ml
of PBS were added to each of the 10 broths, plus a control
without additives and into T-H and RCM broths, and
incubated at 37°C for 18 h.
Growth was recorded and the broths subcultured on to CBA
incubated anaerobically with added CO, for 18 h. Tests for
residual glucose in the broth after incubation was made
with glucose indicator strips (Clinistix, Ames).
d) Assimilation studies using SB agar were prepared by
spreading a light suspension of the organism, in PBS, over
the surface of the agar, cutting six wells, 7 mm in
diameter, aﬁd adding a sterile 0.1% (w/v) solution of one
of the following:-

glutamic acid

pyruvic acid

thiamine

L-histidine

tryptophan

aneurin
Four pneumococci of serotypes 15 (T2860 and W2077), 14
(T2989) and 19 (T2645), were tested by this method,
incubated at 37°C for 24 h aerobically and for a further 24

h anaerobically with added CO,.
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2.7.3 Microtitre plate method for carbohydrate fermentation

testing

The rapid demonstration of carbohydrate fermentation
of high concentration substrates in microtitre plates has
been successfully applied to organisms difficult to test by
conventional methods, e.g. the Bacteroides group.

i) Preliminary studies of this method was performed on

eight pneumococcal suspensions, serotypes 03 (T1279), 06
(W765), 09 (T1512), 16 (T1093), 17 (W801l), 19 (T1l453), 23
(W372) and 33 (W787), obtained by scraping the growth
resulting from anaerobic culture on a CBA plate into 1 ml
of bacteroides basal medium (BM) broth. The carbohydrate
substrates were 20% (w/v) solutions -of fructose, iﬂulin,
maltose, raffinose, rhamnose, sucrose, trehalose and
xylose. 1Inulin and trehalose gave saturated solutions at
this 1level and were prepared at 6% (w/v). Two drops of
each suspension, two drops of each test solution and two
drops of a 2% (v/v) Andrade's solution, in BM, were added
to a well in a microtitre plate. Aesculin hyrolysis was
similarly tested for each stfain. The plate, sealed in a
plastic bag, was incubated at 37°C for 4 h and examined for
colour changes in the pH of the medium.

ii) The effect of suspending broth on microtitre

carbohydrate reactions of three strains, serotypes 06

(T4269), 09 (T4257) and 17 (T4273), was examined by
culturing the strains on three CBA plates anaerobically
with CO,, for 18 h at 37°C. The growth from the three

plates was Scraped into 4 ml of PBS and 0.1 ml of the
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suspension added to each of 30 microtitre wells in three
rows of 10 wells. To the first row 0.1 ml of double
strength Columbia broth was added; to the second 0.1 ml of
double strength SB broth and to the third d.l ml of double
strength BM broth; each medium contained 2 ml of Andrades
solution/100 ml. Across each row 0.1 ml of "sugar"
solution was added prior to sealing the plates and
incubating at 37°C for 4 h; the final well of each row
contained the media and organism only as a negative
control. The nine solutions tested were fructose, inulin,
melibiose, raffinose, rhamnose, sucrose, trehalose, XxXylose
and aesculin.

iii) Further tests, based on the results obtained from ii)

above, were performed on five cultures, serotypes 06
(T4269), 14 (T4334), 17 (T4273), 19 (W2856), and 23 (T4329)
suspended in SB broth, in the substrates and method used in
ii).

iv) An extended series of fermentable substances, at 20%

(w/v) concentrations, was tested with a further eight
isolates, serotypes 03 (T1453), 04 (W787), 09 (T1093), 14
(T1512 and W801), 19 (T1279), and 23 (T795 and W372), in SB
by the microtitre plate method. The substrates were
arabinose, dulcitol, fructose, galactose, inulin, mannose,
maltose, melibiose, raffinose, salicin, sorbitol and
trehalose. It was only possible to obtain solutions at 5%
(w/v) for dulcitol and 6% (w/v) for mannose; salicin
crystallised out of solution on storage at 4°C. The growth

from a CBA plate, cultured anaerobically for 18 h, was

63



scraped into 1.5 ml of SB broth and 0.1 ml of the
suspension added to 0.1 ml of substrate in a microtitre
plate. The microtitre plate was incubated in the CO,

incubator for 4 h before the colour changes were recorded.

2.7.4 The APIZYM system

The commercially available APIZYM freeze dried enzyme
substrates (API Products, Table 2.4) were used to detect
pneumococcal enzyme profiles.

The basic method consisted of adding a suspension of the
test organism to each of the 19 enzyme substrate and the
negative control cupules of the APIZYM strip, followed by
incubation at 37°C for 4 h before the development of enzyme
products with two indicator reagents.

It was therefore necessary to standardise the preéaration
and concentration of pneumococcal suspension, the length of
and gaseous conditions incubation prior to applying the
method for pneumococci.

i) Growth standardisation.

a) Dbacterial mass was measured bé centrifuging the growth
from 5 ml of an 18 h T-H culture at 37°C, removiﬁg 4.5 ml
of the supernate, resuspending the deposit in the
remainder, heating to 60°C for 30 min and centrifuging in
an Haematocrit centrifuge at 10,000 rpm for 5 min.

b) Photometric estimation of the growth of two strains was
made both in T-H broth, after 18 h culture at 37°C, divided
and examined as whole broth and as centrifuged supernate

and from the colonies, from the well of a CBA plate scraped
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TABLE 2.4

The APIZYM substrates

2-naphthyl phosphate;

2-naphthyl butyrate;

2-naphthyl caprylate;

2-naphthyl myristate;
L-leucyl-2-naphthylamide;
L-valyl-2-naphthylamide;
L;cystyl-Z-naphthylamide;
N-benzoyl-DL-arginine-2-naphthylamine;
N-glutaryl-phenylalanine-2-naphthylamine;
Z;naphthyl phosphate;
Naphthol-AS-BI-phosphodiamide;
6-Br-2-naphthyl-alpha D-galactopyranoside;
2-naphthyl-beta D-galactopyranoside;
Naphthol-AS-BI-beta D-glucuronic acid;
2-naphthyl-alpha D-glﬁcopyranoside;
6-Br-2-naphthyl-beta D-glucopyranoside;
l-naphthyl-N-acetyl-beta D-glucosaminide;
G;Br-z-naphthyl-alpha D-mannopyranoside;

2-naphthyl-alpha L-fucopyranoside.
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into 2 ml of PBS. Absorbance of all samples was measured
on the Cecil spectrophotometer from 380-700 nm.

An area, 3 cm square, from a lawn of growth on a CBA plate,
incubated anaerobically with CO,, was scraped into 2 ml of
PBS, 1lysed by 0.2 ml of 1% (w/v) sodium deoxycholate
solution. The lysate, was scanped in the visible and
ultra-violet wavelengths from 200-700 nm against a blank of
2 ml PBS plus 0.2 ml of deoxycholate.

d) Repeat spectrophotometric assays of 1lysed and whole
suspensions were made at 350 and 660 nm respectively. The
suspension was also cultured on CBA anaerobically with CO,
for 18 h at 37°C for viable count neat and when diluted 1
in 25 and 1 in 625 in PBS.

e) Further estimations were performed to compare readings
at 660 and 260 nm for suspensions prepared from plates and
for T-H and RCM broths. Growth in 5 ml of each broth was
washed three times in PBS before resuspending in 2 ml prior
to lysis and measurement.

f) Standardisation of bacterial dose of strain 55, grown on
CBA anaerobically, scraped into PBS, and read at 660 nm was
adjusted to 1.0 absorbance unit. This suspension, neat and
at 1 in 2 and 1 in 4 dilutions was added in 0.1 ml portions
to each cupule of three APIZYM strips and incubated at 37°C
in a moist chamber for 4 h. The colour of the enzy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>