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ABSTRACT

The nasopharyngeal carriage rate of Neisseria

" meningitidis among 639 school children i”|1jede, Ikorodu,
Lagos State was 6.2% (40/629). The proportion of male
carriers 62.5% (25/40) was significantly higher than

females (37.5%; 15/40 (P < 0.05). N. meningitidis groups

C and A were the most frequently isolated%sérogroups
accounting for 40% (16/40) and 22.5% (9/40) of the
{

isolates respectively, |

In-vitro assessinent of the a-tachment of N. meningitidis

! |
to human nasopharyngeal epithelial cells QNgc) showed that
!
meni.gococcl of all serogroups attached in signifizantly

higher numbers to NEC of infants {160/NEC) and children

(164/NEC) than NEC frem neonates, (115/NEC) adults ?

(124/NEC) and elderly (109/NEC). Attachm%n% of meningouocci

to NEC of males and females was not significantly different

N. meningitidis group C clinical strain éétached significantly
better to non-carrier NEC than to the NEC of Group C
meningococedl carrier. ;

The cell free supernates of some stréiﬁs of
Escherichia coli, Staphylococcus aureus a&d viridans

- I
streptococci isolated from the upper respiratory tracts !

0f meningococcal carriers and nonncarrier% were found to
produce substances inhibitory to serogrougs of meningococdi
in vitro,

Purified meningococcal endotoxin, and?heat~killed
meningococcal inocula from both clinical aﬁd carrier

!

igsolates were 1lethal for 12 day cld chick
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embryo on choriocallantoic vein and yolk s?d inoculation.
Experimental laboratory animéls including!day old chicks
suckling mice and infant rats did not devéiﬁp

meningitis subsequent to inoculation withjmeningococci

|
1
through various routes.

The collective results of these studies suggest that

N. meningitidis possesses numerous pathogeénicity factors

arious host
\

factors to enable this organism to overcome host defence

which may act in synchrony depending on v

and cause life threatening infections. !

i
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INTRODUCTION

General Characteristics and Historical perspective:

Neisseria meningitidis, commonlyireferred to as
, ,

the meningococcus, is a gram negative‘spherical {coccus)
shaped bacterium, usually found occurfipg in pairs
(diplococcus) with the adjacent sideslof each coccus
flattened to give a characteristic beqn-shaped appearénce.
'The meningococcus possesses catalase and cytochrome
oxidase activity, it is non-spore forming and non—motile.

t
Some strains may possess a polysacchaﬂide capsule.

Neisseria meningitidis is the aetiolodical agent of
| |

epidemic cerebrospinal meningitis and .a fulminating

. A . . | : |
septicaemia (meningococcaemia), two important diseases .

which continue to be a health matter of great concern

world wideo -

The meningococcus and its diseases have been of

N

profound interest to both scientists and physicians
: i

for many centuries. Although meningocéccal diseases

I
are believed to be ancient, the early bistory remains

unclear because of the difficulty of differentiating
them from other disease syndromes of aisimilar nature.
This confusion is exemplified by some of the names used
to'describe the disease in the early 1éth century such as

sinking typhus, épotted fever and braih fever. Renown
i

physicians of ancient times such as Abu-Bakr Ibn

Zachariyya (c865-932) and the Renaissahcé doctors, ‘

Heromyrus (1530-1606) and David Sinner? (1572-1637) m



although they did not know much concerning its aeitiology;'

|
and course. Thomas Willis (1621-1675) gave the first

detailed description of epidemic meningitis in his

publication 'A description of an epideinical fever in

l
I
!
!

London, 1661'. Many years later in 1805, Gaspard Vieusseqx"

; |
(1746-1814), in Geneva, Switzerland, wrote a report on

epidemic meningitis and the course of the disease. He

.hoted that the disease occurred chiefly in the poor

districts, mostly among children and youdg adults and

that it is often rapidly fatal.

Subsequently, Nathan Sling (1781—1837) and Elisha

North (1771-1843) wrote a treatise on a.malignant

epidemic, commonly called spotted fever at that time,.

N

characterised by headache, vomiting, coma and delirium

|
|
}
|
|
|
b
|
|
|
|
and appearance of spots, mainly on the ﬁeCk and extre—
mities, the latter being considered as an unfavourable |
. ] : '

prognostic sign, ,

The causative agent of epidemic meningitis was

first described by Marchiafava and Celli in 1884 who

found it in meningeal exudates. However, it was not

until 1887 that the renown pathologist,AAnton (
: |
Weichselbaum (1945-1920) working in Vienna, Austria, |

was able to isolate the organism and named it Diplococéus
' 1

intracellularis meningitidis. Councilman in 1898, l

L] - L3 ! > 'S * = 'I'
found this organism, now known as Neigseria meningitidis,

. A - |
in 31 of 34 cases of meningitis and thus firmly established

it !

its aetiologic role in epidemic cerebrospinal meningitis
i : I i

1 ]

| 1

T



Kiefer in 1896 and Albrecht and GhonP in 1901,
found that healtﬁy persons could become carriers of the

|
meningococcus, while in 1909, Dopter first recognised

different serogroups of Neisseria meningitidis. .

’ ]
In 1913, Flexner introduced serum therapy for the

treatment of meningococcal infection.

Since 1880, the northern Savannah region of

|
tropical Africa has been regularly afflicted by epidemicsg

i
l

of meningococcal disease. Horn in 1908 described g3

severe outbreak that affected northern Ghana in 1906-1908.

In 1948-1950 a severe epidemic affected ﬂbrthern Nigeria |
4
on a massive scale; 92,964 cases were reported with

14,273 deaths (Horn, 1951). |

Meningococcal disease is still a majb} health !
problem in many parts of the world. Accﬂrging to an
estimate by Feldman (1972) during 1939—1%62,there were
almost 600,000 cases in the world and more than 100,000
of them were fatal.

In 1981 there were 3,525 cases repor&éd to the
Centers for Disease Control (CDC) Atlanté; Georgia in

|

the United States of Amsrica, compared with 1,478 cases

reported in 1978, 1Infants and children accounted for

|
over 50% of the 1981 patients (CDC, Morbidity and
Mortality weekly report, 1982). Peltola,iKataja and :

J !
Makela (1982) have pointed out that shifts in this age

distribution of meningococcal disease in a .population,

can be used to forecast an epidenmic situafion, and that
‘ o
.{'




relatively more cases arise in the 5-19 year old age

group during epidemic than non-epidemic circumstances.

3

The nature of infection, preval%nce of thg disease
and socio-economic conditions of aff%cted populations
appear to be important in determininé the case fatal%ty
rate. In industrialised nations the case of fatality

rate may be as low as 7%-19% (Andersen, 1978) while in
some developing countries the fatality rate may reac%
l

 70% (Pe” Morais et al., 1974).

|
Areas of the world which have experienced recent.

epidemic meningococcal disease include{Finland, Mongglia,
. | L]
Alaska, sub-Saharan Africa, Canada and Brazil (Apice%la,

: }

1986} .

Morphology and cultural characteristics of the mehingococcug

Neisseria meningitidis is a gram. negative dip- i

]

lococus approximately 0.6 ~ 0.8 microns in diameter,
When in body fluids the cocci are often arranged in 5
pairs with the adjacent sides flatten%d giving rise tg

a characteristic kidney or bean shape; _The meningocobci
exhibit considerable variation in size and staining
properties. They frequently possess me tachromatic
granules which may be seen under Loeffler's methylene}
blue or Neisser's stain. They tend taﬁundebgo autolyéis
readily, resulting in considerable size and shape |
variation in older cultures. The orgdnisms also proddce

a polysaccharide capsule which is the basis of the

serogroup classification system. They do not produce :

Spores and are non-flagellated.




Meningococci are fastidious in their growth
requirements and are sensitive to toxiF substances !

which may be present in some growth media. Menihgoco%cal

are

colonies/about 1-5mm in diameter. WheP isolated on

transparent media the so-~called lens effect may be

observed; that is, when distant objects are viewed"
h i
through the colony they become sharply ‘focused. The f
R i
g
colonies are usually convex and if large amounts of {

polysaccharide are present, will appear mucoid rather,

'

than smooth. Rake (1833) described b@th rough and

smooth colony types and found that thQSe colonies of |
strains more recently isolated were sioother than old

stock cultures., He further associated the change from

smooth colony types to rough with a partial loss of

immunological specificity. 1 4 |

Due to theilr highly fastidious néture meningococci

H

require accessory growth factors such as are present
i

in blood, serum and certain vegetable;éxtracts. ThesF

i
organisms are extremely sensitive to the toxic effects
1 J
exerted by a variety of amino-acids, free fatty-acids

and salts which may be present in var?qus peptonesqi
in agar. The toxic effects of free-fétty-acids can be
eliminated by adding a binding agent EUCh as soluble‘
starch or charceoal to the medium. The meningococci %re

also inhibited by low concentrations 0f geonadal

steroids (Morse, 1978).

Blood agar base, trypticase soy agar, supplemented

chocolate: agar, Mueller Hinton agar and certain 3
f . ]
[ |
: -
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selective media into which antibiotics have.been !

incorporated (e.g. Thayer Martin's Medium and New York ;
1

City medium) are usually adequate to support the growth

of meningococci. The antimicrobial agents Gummonly_lucozpufatw

into the media include nystatin, trimethroprim, ;
vancomycin and cblistin. ; :

Optimal growth conditions are achieved:in a moist

environment at 35-37°C and an atmosphere oﬁ 5-10% !

carbon dioxide in air. Cheever (1965) observed that }
“growth of meningococci in tryptose phosphate veal |
i

|

infusion broth in which starch casein hydrolysate is added is
' '|

relatively poor, resulting in granular turﬁidity with |

little or no surface growth. The ability 5f meningococeci
" i
to degrade carbohydrate is markedly restricted, N. i

meningitidis breaks down glucose and maltose to

produce acid without gas production while it fails to

degrade other sugars including sucrose, lactose and

fructose. Variants of meningococcl which degrade only

glucose have been reported (Morse, 1978).
|

Physiology and Metabolism _ ; i
| |

The meningococci are aerobic and contain high
1 i
levels of cytochrome-C—oxidase activity and carbohy-

drates are utilized by oxidative pathways resulting in
‘ |
the accummulation of acetic acid and under some conditionsh
X
lactic acid and acetylmethyl carbinocl are produced

. (Morse, 1978). 1Indole and hydrogen sulphide are not
formed. Morge (1978)p using radiorespirometrical
J

|

f

i

!

techniques defined the relative participation of glucose ;
I



Catabolic pathways in meningococci and found BL5%
participation in the Entner-Douderoff pathway at pH
7.4 and temperature of 37°C. The Entne:—Uouderoff
pathway is apparently the major route of'glucose.

o
Catabol(sm in Neisseria meningitidis. rhe meningococcus

has a functional tricarboxylic acid (1CA) cycle (Morn
1978). However, utilisation of this pdthWay is markedly

influenced by growth conditions.

SR - S

Purine metabolism has also been exten51VLly studled
l
among the meningococci. Adenosine monophosphate (AMP) -
|
and guanine monophosphate (GWMP) are synthesized by this

i
organism de novo (Catlin, 1973) and from exogeneous

into AMP by meningococci,

1
l
i
|
|
|
adenine (Morse, 1978). However, GMP cannot be converted
l
Studies on pyrimidine metabolism in the meningococci t
|

show that they do not require exogLﬂQOUb pyrlmldlne

for the low uptake and incorporation of Lhe ;e compounds

|
I
by meningococci. Pyrimidine .nucleotides}in N. l

meningitidis may be synthesised de novo or from

exogenous uracil. The meningococcus lacks enzymes for

uridine incorporation (Morse, 1978). Thene

workers also reported that 5—fluoro-uracil inhibited

meningococcal growth,

a condition which could be reversed

base for growth (Catlin, 1973) and Lhat thls mnay accountl-

by addition of uracil but not uridine’thus’suggesting

the abscnce of phosphorylase and kinase.

Walstad et al. (1974) described the rélease of

substances which inhibited many strains of Neisseria
1 e ]




- gonorrhoeae (gonococcus) and Neisseria meningitidis

during the growth of the gonococcus. These inhibitors
were identified as free fatty acids anQ a midbf
phospholipid component known as lySOphOSphatfdyl-
ethanclamine., The mechanism by which these inhibitory
free fatty-acids are produced was no£ determ%ned but it
is believed to be partly due to the preSen&e;of
phospholipases which degraded phosphatidyl;e@hanolamine
te lysophosphatidyl—ethanolamine and glyceroﬁhosphatidyL—r
ethanolamine with the release of one or both fatty-acids.
Few organic ions are required for growtﬁ and
maintenance of cells. Divalent cations, Mg2¢ and cat
|
markedly inhibit autolysis, presumably by stébilization
i
of the cell membrane. Meningococci typicallg undergo
autolysis in older cultures. The presence of divalent
cations Mg2+ and Ca2+, will prevent cellular lysis but
will not inhibit peptidoglycan hydrolysis (Mdrse, 1978).
Two enzymes have been described for Neisseria spp that
are known to assimilate CO» to H' and HCO 4 (éoz'and
Baugh, 1977). Phosphenolypyruvate carbogylése, a

Ccytoplasmic enzyme, has been reported for pathogenic

Neisseria spp (Cox and Baugh, 1977; Morse, 19781

The role of carbonic anéHydrase in the metabolism

. . s e . |
of Neisseria meningitidis is still unknown. The
I

inhibition of this enzyme by acetazolamide p%events

growth of the organism, indicating that a vital cellular
|

function has been interrupted(morsé,=197g)

The usefulness of this membrane bound cytoplasmic




enzyme may lie in its involvement in the regulation
!
of ion movement across the cytoplasmic memnbrane or its

ability to concentrate either proteins or ﬂitarbonaté

ions at the cell membrane. -
De voe (1982) reported that several o%ganic
(cysteine, glutamine, lanthione) and inorg%nic forms of
sulphur (3032-, 5042_, H3022” ) can serve %s sole
sources of sulphur for the growth of menin&odocci in a
defined medium. He also found thiosulphat% reductase
activity iﬁ cell free soluble extracts of ﬁeningococci.
This activity, although not sensitive to.o%ygen, is
present during the enzymatic reduction of ghiosulphate.
Meningococci are able to use various forms of iron as
thelr sole source of iron, and utilization 5f this
element is an important metabolic aspect of, this organism.é
Free iron in the normal host is maintained at extremely .

low levels of about 10_18

M (Buddingh and Polk, 1939)
which is far below 8 x 107°M which has been established
as the minimum to sustain cell division in heningococci
(Archibald and Devoe, 1980). According to. Archibald
and De Voe, (1980) meningococci have a special mechanism
for the acquisition of iron from a glycoprotéin known

as transferrin. This iron acquisition system is heat-
sensitive being inactivated by heating at 60°C for 5
minutes, 1s sensitive to trypsin and to respiratory
chain inhibitors, |

Meningococci possess an active autolytic enzyme

system which results in swelling, loss of staining
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1 I '
properties and the ultimate disappearance of the cells themgelve
in old cultures. Heating cultures at 560C for 30 minutes!result

in inactivation of the autolytic enzymes. This inactivation
i ,

may also be achieved by the addition of potassium cyanide or

b !

| i

formalin to cultures (Morse, 1978).
It is conceivable that many aspects of the physiologyiand

metabolism of meningococci may be related to its pathogen&city

and as such it may be rewarding as a basis from which to direct

future research. ? !-

i .

Antigenic Classification of the lMeningococci:

. B o0
The history of the development of antigenic cla551f1c§tlon;
of the meningococci has been extensively reviewed by Cheeber

(1965): Soon after the meningococcus was identified as the
il : !
aetiologic agent of epidemic meningitis andf after the recobgnitio
| .
. ‘ . l
of healthy nasopharyngeal carrlers, many workers carried out

investigations into the applications ofri@munologic methoés
for the detection and differentiation of ﬁeningococci.
This led to the discovery that antigenicqily distinct
meningococci existed by Dopter in 1909. kutscher in 1906i

' |
using absorption tests observed striking differences betwéen
strains of meningococci isolated from different sources but
was unable to classify them by this methoé. In 1909, Elsér
and Hunton found that about 40% of their meningococcal isélates
were agglutinable by monovalent serum. They termed theseistrains
which showed reduced absorption capacity, Pseudomeningococci.

Dopter in the same year noted the presence of organisms in
)

. o i o ;
nasopharyngeal mucus, which resembled maningococcl in morphology,



cultural characteristics and fermentation reactions,

but differed by their inability to agglutinate the
available meningococcal serum in use at tﬁat time, i
He named these organisms, parameningococci.: Arkwrigﬁt lnj
1909., réported that strains isolated frém sporadic |
cases of meningococcal meningitis tended éo differ
serologically from those isolated from epidemics.
~ Dopter and Pawnin 1914 divided parameningécocci into 3
types; alpha, beta anq gamma. A year later, Ellis : ;
examined strains from six epidemic foci and found that
they fell, by agglutination, into two types, I and II,

of which type II appeared to be identicaltto Dopter's
C

parameningococcus. Gorden and Murray (1915), later ,
‘ J

identified four antigenically distinct types of meningo-
coccl which they designated by Roman numerals I, II,
III and IV. Interestingly none of the members of these
groups showed any antigenic relationship with Dopter's .f
parameningococcus {cited by Cheever, 1965) .

A decade later Branham (1932) demonstrated that o
groups I and TII were identical while Sh@:ﬂlso |

\

dezcribed an epidemic strain which she cecnsidered to be
atypical group II (group-II alpha). It:séems evident _
that the continued involvement of differeht laboratories l
led to the evolvement of a compléx systgm of nomenclature
which was not resolved until the mid 195015 when sero-

grouping nomeclature became:ﬂandardisa&tagd*was based on .

capital letters, thus unifying all existing systems and
1



simplifying bacterial taxonomy. : L

Rake and Scherp (1933) isolated the soluble
specific polysaccharide responsible for!the specificityf
of Group A meningococcal strains and Clapp et al. (1935)
were able to establish the relationship'between the
polysaccharide and capsule using the Quéllung's reactio%

©n group A strains. Branham and Carlin;(1942) went = . |
further to demonstrate that the meningotoccal poly- o
saccaride antigens could elicit antibod§ response
“which was able to confer protection in @%ce.

At first the introduction of antibiétics for the
treatment and prophylaxis of meningococ&al infection
caused diminished interest in the development of group
specific antigens for use as vaccines. 'However, the
subsequent emergence of sulphonamide reéistant menin-
gococci crgated a clinical problem which provided
renewed impetus for research on the immuncloqgy of the

meningococcus.

.Watson, Marinetti and Scherp (1958) identified - .

the specific soluble substance from group C meningococci
! S

and showed its sialic acid nature. However, -it is the -
Capsular polysaccharide which provides the basis for -
grouping the meningococci. These organiéms may be
Separated by sero-agglutination into atfleast 13 | !
serogroups A, B, C, D, (Branham 1953; 1958); - X,Y,Z,

(Slaterus, 1961) 29, w-135 (Evans et l. 1968} H, I

Ky (Ding et al. 1981) and L (Ashton et al., 1983).

Gotschlich et al., (1969) and Robihson and Apicella

4



(1968) demonstrated the effectiveness of the group C.
vaccine in studies among United States of America
army recrulits achieving 87% reduction in;the
occurrence of the disease. Wyle (1972) feportej

that purified group A and C meningococcal capsular

polysaccharide could induce bactericidal antibody

ky

when used for immunization.
A number of drawbacks are associatéd with menin-
gococcal polyéaccharide vaccines. .For éxample : 1
(1) the polysaccharides are type -2 T-cell.
independent antigens and therefore do
not give adequate immune response in
the very young and do not provide long
lasting immunity. However,' Beuvery et al.
‘ (1983) circumvented these ﬁroblems by
linking the polysaccharidé antigens to
proteins I
(ii) the group B capsular polyséccharide a
honopolymer of alpha (2—8);sialic acid is
poorly immunogenic (wyl¢L1§72), .
The linear sugar epitopés éf this poly~
saccharide do not seem to Ee immunogenic

] . J

at all and the low-affinity antibodies

when induced, appear to be' directed agains't

conformational epitopes (Jennings et al., ,

1985). Recently, (Jennings et al., 1987) '
showed that by replacing Qhe N-acetyl by f

!
[




N-propionyl in the group B po.ysaccharide
it may be possible to induqe group
specific bactericidal antiﬁodies that
cannot be absorbed with unmodified poly-

saccharide., According to Poolman {1988)

a possible explanation for &his may be
[ 7 I

ﬁ% , " found in the observation that this

epitope mimics the chemicai bond between
the polysaccharide and the;lipids,
sticking it into the outer membrane.
Chemical definition of the%e Newly
discovered epitopes may efeétually enable

the induction of the alpha (2-8) sialic |

acid specific antibodies that might be !

S

potentially dangerous becduse of auto-
immune effects. _ - |
(iii) antibodies directed again#t'the meni-
gococcal capsular polysaccharides may not,
be those with the greatesé’bactericidal
potency, since for that, é %IOSe proximity
o - to the outer membrane is Eequired.
Anticapsular immunity may{depend more
uponi phagocytosis. Poolman (1988)
suggests that in order td,produce
effiéacious meningococcal‘vaccines
protective antigens other than the

capsular polysaccharides must be
1

- |

iciigo identified.
s !

1
i



Recently Zollinger et al. (1979) and Poolman et al.
(1986) have - produced OMP vaccines. These vaccines
comprise two OMPS (class 1 and 2/3 OMP) éxcepting
the presence of some class-4 OMP and liﬁé-dligomacc—
haride (LOS) which cannot at the present time be
eliminated. It is believed that the LOS ‘may act

as an adjuvant and the amount of LOS may ‘leave a
profound effect on the immune response. jEither
aluminium phosphate or aluminium hydroxide is
usually included as adjuvant in the finai vaccine
preparation (Poolman et al., 198%6),

Using murine monoclonal antibodies éoolman et
al. (1987) have demonstrated that antibodies against
class ~1-OMP and LOS are bactericidal and that anti-
bodies against the class -2/3 OMP are oniy weakly
bactericidal especially when the test ba?teria are
grown on stationary phase or in conditighs of glucose
limitation. saukonen et al. ("1988) confirmed these
findings by testing the protective Capacity of these
monbclonal antibodies in an infant-rat mpdel.

However, the first generation OMP véccines can
only be used in situations in which most cases of a
meningococcal disease are caused by arsihgle strain
or combination of strains sharing the'sgme subtyping
characteristics since the meningococci are quite

heterogensus with respect to the class—i?and -2/3 OMPs
(Poolman et al,. 1986). A hybridcma bankiis presently

being built up to enable serotyping of most strains

A1




\Poo Linan, 1788).

Imimutiity to meningococcal disease:

Goldschneider et al. (1969) and Reller, MacCregor
and Deaty (1972) demonstratea that protective anti-
bodiles to meningococal may be acquined p;ssively by
transplacental pzasage of immunoglobulins or actively
as the result of nasopharyngeal colonisation with

both capsulated anu non-capsulated meningococci,
Furthermore, subclinical systemic infucéiun may also
crevide a mechanism for active impnpunisation. The
effect of passively acquired immunity i@ relatively
shiort-lived but is effective in protecting new-hborn
against meningococcal disecase as evidenéed by the
low incidance of cases in the first sié‘months of
life (Smiﬁh, 1954}, The prevalerce of bactericidal
antibcdy decreases after birth and reaches its
nadir between the sixth and 24th months;bf life
(Goldschneider et al,, 1569). Thercafter there is

a linear increase in antibody until about 12 years

of age.

Studies by Robbins and associates :in 1972
indicate that seroloaic cross-reaction between the
menlngococcal group A polysaccharide occur with

Bacillus pumilis and that the E. coli K1 antigen is

immunclogically and chemically identical to the group
“d

- - i
b cupsular polysaccharide (Rokbbins et ale, 1972),

_...T_



These unrelated yet immunologically similar antigens

may play a very important role in the development

of natural immunity to the meningococcus and ultimately
in protection against virulent mehingococci

{(Apicella, 1986).

Griffis (1982) developed a hypothetical immuno—~
epidemiologic. model for epidemic meningocécéal
disease and proposed that epidenric su5cep£ibility i

' acquired by induction of meningncoccal se;um IgA by
cross-reacting enteric bacteria. Simultanecus
colonisation with the agpropriate strain.bf meningo-
coccus may result in disseminated digeasel

Initial views that immunoglobulin deficiency

mey play a significant role in the o A :

occurrence and - pregnosis pf  meningococcal

infection have not been substantiated} hgwevér,.

there seems to be no doubt that deficienéies of the

late components of complement C% -~ CY predispose to

R L

frequent or recurrent attacks cf meningo¢0ccaemia

(Ross and Densen, 1284}, 1t is beligved‘that in the |

absence of antibody the main defence against bacte- .
raemic invasion is lysis of the organisms by the
¥.} complement pathway. Recent descriptions of

o individuals who lack any properdin illustrate this

amply (Densen et al., 1987). Properdin étabilises

AT TR T LAY Bl TR

the activated alternate pathway product}é—BbBb,

which in turn promotes further breakdown of C3 to

A S

!
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down and the alternative complement pathway cannot
be sustalned., These patients sufter very severe
neningococcal disease with a high mortality. 1f
they are immunised however, they can dévelop an
antibody response and recruit the clasaical comple-
ment pathway thus diminishing their susceptibility

to severc disease (Densen et al., 1987).

Treatinent of meningococcal infections:

The introduction of antimicrobialitherapy
dramatically altered the prognosis of meningococcal
disease for the better. Furthermore, ﬁhe application

of supportive care to treat complications of meningo-
coccal intections such as shock, disseninated
intravascular coagulation (DIC), heart:iailurc,
pericarditis and prolonged mental obtrundation has
also had an apprecilable impact on progrosis.

Schwentke; et al. (1937) demonstrated that
sulphonamides could be suc;essfully uséd to treat
meningococcal meningitis and septicaemia. Feldman
et al. (1942) later confirmed thic observation, and
as new antibiotics were intrcduced thrqugh the 1940's
and 1950's, several reports on acceptable substitute
tor the treatment of this infection péHiCilling

allergic patisnts (Berkow, 1977). The duration of

of antibiotic therapy may vary somewhat with the
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patient-response, but 10-14 days is usually sufficient
(Apicella, 1Y86).

Vascular collapse and shock are common complica-
tions of meningococcal disease and effectiLe treatment
requires adequate preparation and close mohitoring
of the patient. Levin and Painter (1966) reported
a high frequency of cardiac disease associated with
meningococcal infection and they found theéuse of
digitalis effective in raising arterial pressure,
particularly when used in conjunction with
isoproterenol,

The problem of disseminated intravascblar
coagulation is ominous and the use of hepérin in
the treatment of this complication of meningococcal
disease is controversial (Corrigan and Jor@qn,A197O;
Denmark and Knight, 1971). Administrationjof heparin
should be based on a careful study of the clinical
situation and laboratory data, particularly that
relating to the clotting factors, f

Other life threatening complications beeding
therapy include neurologic sequelae ranging‘from
coma to diabates insipidus and pericarditis

(Apicella, 1986).

Chemoprophylaxis:

It was not long after the <clinical use of

v m——————— s



sUulphnonadildes 1Tor the Lreautment or s5erlous menlngo-
coccal disease, that it became apparent that short
courses of sulfadiazine were also useful in the
eradication of meningococcal carriage for long
periods of time (Faiébrother, 1940) . Feldéan

(1972) stated Yif there -are no carriers,rthere are

no cases' and 1t did appear that chemopr@phylaxis

of the meringococcal carrier coﬁmensuraé@ly ducreaégd
the number of cases.

The length of time for which the meningococcal
carrier status was eradicated, was founq-to be a
function of the initial dose of sulphohamide adminis-
tzred (Cheever , 1965) and after two doses of 3 and
29 of sulphadiazine, the carrier rate dropped from
79% to zero in 72 hours. On mititary bases and in

closed environments such astoarding schools, institu-
tions and family units in which cases afose, this
form of chemoprophylaxis was effective in preventing
the spread of meningococcal infection.

However, the recognition of widesp}ead
sulphonamide resistant-meningococci ledyto the
abandonment of sulphadiazine for meninéococcal
prophylaxis (Brown and Condit, 1965) eXcept in cases
where the strains were known to be sulbhur sensitive,

Since then, there has been an exﬁénsiv& search
for new agents for chemoprophylaxis. ;Unfortunately

penicillih has not proved to be useful - long acting




mixtufes do not eradicate nasopharyngeal carriage
and while massive doses cause individualp to become 
non-carriers, the carrier state promptly‘reuurs
after discontinuation of the drug (Feldman, 1272).
Minocycline and rifampicin have been dempnstrated

to rapidly eradicate carrier status for up to 6-10

weeks after treatment (GUttl@Qet al., 1971). However,

problems are associated with both these‘antibioticsi

Minocycline has been shown to cause vertigo (Jacobson

and Daniel, 1975) while }EfampEC1n 'rt:eatment can

result in the emergence of rifampicin-resistant-

meningococcl in up to 27% of patientg, There are alsoireporté

documenting the efficacy of agents used alone or in

combination (Blakebrough and Gillies 19805 Apicella,

BEarly studies of penicillin given dn ralatively
low doses (120,000 units/day IM) indicatéd that it
was not as effective as sulfonapmides (ﬁeaﬂ, Harris
and Samper, 1944) except when used in Gigher doses
of 360,000 units/day IM (Kinsman and DiAionzo, 1946).;
McCrumb et al. (1951) demonstrated the;efficacy of
chloramphenicol as a therapeutic agent, The first
generation cephalosporins were of doub%ful ef ficacy
when used in the 1960's since these agénts produced
variable results and indeed, their use'is now contra-
indicated in the treatment of meningococcal infection
(Mangi et al., 1973). However, the thgrd generation

— e

. 1
cephalosporins such as moxalactam, cefotaxime and
L
cefaperazone demonstrate excellent in pitro activity

1986) .



against meningococci and are believed tQ achieve
adequate central nerVous system concéntrations of
treatment of meningococcal meningitié (Abicélla,
1986) . |

The emergence and spread of sulphonamide-
resistant strains of meningococci (Gauldigﬁ al.,
1965; Feldman, 1967), became a matter of great
concern, and sulphonamides now have a limited role
in the treatm=snt of meningococcal infgcéidn.
Fortunately, penicillin therapy for the . treatment of
meningococcal infection is still safe'ahd effective
and is usually administered intravenoﬁsinOr intra-
muscularly. The intrathecal route is contra-indicated
because of the severe neurotoxicity of penicillin
when in high concentrations in the ceﬁG;al nervous
system CNS (Agicella, 1986). Chloramphénicol hés
proved to be a useful alternative (L-.Jeiaﬁer,gi al, 1971).
According to WEidneggﬁ:EL“(197l) theAmaior ?actor
determining the efficacy of a meningocouccal prophy-—
lactic agent is the capacity to achieve bacﬁericidal
levels in tears and saliva. .

At the present time, rIfampicin ‘(GOOmg qid
for 2 days for adults and 100mg/kg qid for 2 days

for children)is the recommended therapy for meningo-

coccal prophylaxis (Centers for Disease Control,

1976) .,

i



(1986)_have demonstrated genotypic variability among
meningococci, expressed in their ability to rapidly
change their antigenic structure by qu?ntitatively
varying the class -5 OMP, pili and LPS}; Putten et
gi,_(iUB?) showed that meningococci adapt their
outer—-membrane composition to the growth rate and
glucose limitation. Furthermore, meninéococci can
vary the rate of expression of class-1-OMP in vivo
(Poolman ¢t al., 1986). This was reportedly done

by examination of antibody responses and direct
investigétion on meningococci in CSF using immuno-

. electo-chemistry and monoclonal antibodies. This
emphasizes the difficulty in discovering appEOpriafe
protéctive epitopes. The importance of field trials
with outer-membrane component vaccines (i.e. poly-
saccharides and lipo-oligo-saccharides and classes 1,
2, 3, 4 and 5 OMPs) is okvious, It is kelieved that
the selection of the composition of the first of

such vaccines to be tested will depend on the outer
membrane characteristics of the wajor disease causing
strains in the country where the vaccine trial will
be carried out and also on the outer membrane
components suspected to be protective antigens.
Furthermore, LPS must be excluded or must be reduced
to acceptable minimal levels because of their endotoxic

activity,




|
Meningococcal vaccines and immunoprophylaxis of

meringococcal infection:

The emergence of sulphonamide resistant menihgo-
cocci led to intensified efforts towards the develop-
ment of a vaccine for the prevention of heningococcal
infections especially in high risk populations such
as military récruits in stationéry barrack situationg
(Apicella, 1986).

Guldschneider et al, (1969) denonstrated that
individuals lacking bactericidal antibody against a
circulating virulent strain had a risk of acquiring
meningococcal meningitis. The protective bacteri-
cldal antibodies they detected in the base..line
sera were directed against type specific antigens
and at least two group C strains were circulating at
fhat period only one of which was responsible for
discase. The subsequent result was the developinent
©f two vaccine preparations derived from the poly-
saccharide of the group A and C meningococci.
Artenstein et al. (1968) isolated the meningoco-
ccal polysaccharides from the supernatant of
overnight cultures and from molecular sieve and
ian-exchange chromatography. The chemical

fractionisation method was employed by Rake and
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Scherp (1935) for the separation of meningococcus

into three fractions. These workers found a carbohy-
drate or 'C' substance common to all meningococci

and a protein or 'p' substance similar to that

found in gonococci and type TII pneumocoéci, and

a fraction comprising a sodium salt of polysaccha-
ride acid., The chemical constituents of the capsular
substances of meningococci have been éxténéively

investigated, Neisseria meningitidis Créup C poly-

saccharides can be biochemically divided;into

either neuraminidase-sensitive or resistént poly—

saccharides (Apicella, 1979). The formef are designétéd

C~ and are the variant strains of grouﬁ'c. The role

of O-acetylation in the antigenic specificity of

groups B and C meningococci is still unclear,

although recent evidence suggests this gubstitution

is unimportant (Apicella, 1986). This assumption

is based on the finding that both B and .C variant

strains do not possess O-acetylation grQups and

according to Bhattergee et al. (1975) while

O-acetylation substitutions are restricted to

Ccarbon C--7 and C-8 atoms of the sialic acid

residue, up to 24% of native Cl+ polysaccharide i

is unacetylated. ;. X
The immunogenicity of groups A an&ﬁc meningo-

Ly

i
coccl polysaccharide appears to be a function of molecular

1
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size according to Brandt and Artenstoin (1975) who showed a
progressive decrease in the immune response to both
groups A and C polysaccharides in persons‘immunized
from batches of vaccines of decreasing mo?ecular;size.

Meningococci can be classified serologiCaily into
lipopolysaccharide (LPS) immunotypes and at lezast
eleven LPS immunotypes of meningococci ha&e been
recognised (Apicella 1986)., Such non-céﬁsular cell
wall antigens may be important for undersﬁanding the
immunobiology of the meningococcus. There is no
apparent correlation between the occurrence of LPS
immunotype in meningococci except that,immgnotypes 10
and 11 have been observed only in serogrouﬁ A
(De voe, 1982).

Although the sugars released from‘LPS of various
meningococci are identical, they can be separated into
three groups on the basis of their galactoséwglucose
ratios. The cores of the groups A and C aﬁd 29E have
galactose-glucose ratios of 1:2, 2:2 and 251 reSpectiveiy.
The major fatty acids in the lipid-A portion of the
LPS of serogroups A, B,.X and Y are beta—hydroxylauric,
beta-hydroxymyristic and lauric acids (Jennings et al.,
1980). |

Cultural conditioﬁs have been shown to influence
the composition of msningococcal LPS (HMcbonald and
Adams, 1971). Jennings et al. (1980) feportéd that
LPS from representatives of all meningococcal;serogroups

lacked an *'0' antigenic polysaccharide chain'as part
' i
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of the LPS despite their smooth cblonial character

and proven virulence., Jennings et al. (1980) further

reported that the glycoses making up the meningococcal
|

LPS were glucose, galactose, glycosamine, heptose and

2-keto-3 deoxyoctonate (KDO). |

Interestingly, Davic, Ziegler ‘and Afndld,
|

(1978) found that antisera to endotoxin from Escherichia

¥

coli without O-antigen-side chain, was 'protective

agalinst localised and generalised Schwartzman reaction
in rabbits treated witﬁ meningococcal EPS. This gives
credence to the reports that Neisseriaispp have similar
core and,lipid-A components to the ente:obacteriaceae
except thaf thé former appear to lack tﬁe 0! antigen
sidé chain (McDonald and Adams, 1971; Stéad et al.,

@

1975 and Jennings et al., 1980).

Isolation and Laboratory identification of Neisseria

meningitidis from clinical infections
The diagnosis of acute meningitis is a medical
emergency and speed and accuracy are essential. The

i . :
definitive diagnosis of serious meningococcal infections

‘has as its .pre-requisite the bacteriologic isolation

of meningococci from normaily sterile b@dy fluid
Speciméns of blood cerebrospinal fluid (CSF), synovial,\
pleural or pericardial fluids, Nasophaﬂyngeal secre-
tions, petechial aspirates and conjunctifal swabs may

also need to be examined for the presence of Neisseria

meningitidis. In cases of suspected meningococcal
~ - . . I
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disease, specimens should be collected before treat-—
ment with antimicrobial agents because the latter
reduce the rate of cultural isolation. -S;ecimens as
a rule should be rapidly transported to the laboratory

‘
with protection from drying and temperature extremes.
The first sample of CSF collected is th? best, and
usually about 2=-5ml is adequate, obtainédjby lumbar.
puncture procedure at the fourth and fifth lumbar
interspace. For blood culture, thre=
sets of blood spetimens are preferably collected from'.
the basillic vein, at separate intervalé when the
patient is experiencing chill or fever an; should be
inoculated directly into blood culture Eottles (shanson,
1981). Evacuated blood collection tubes containing
anticoagulant have been found to be toxic for meﬁingo—:
cocci (Eng énd Holton, 1977) usually,Aabout 8-10ml of
blood may be inoculated into 100ml of trypticase soy
broth and approximately 0.1ml of the blood is spread
over the surface of a blood-agar and a ¢hocolate agar N
plate and fhen incubated at 37OC, in an atmosphere of
5~10% CO2 with increased humidify.

The cerebrospinal fluid in bacterial meningitis
usually shows a well marked increase in polymorpho-
nuclear (PMN)} cells, is turbid and contains 500-20,00
leucocytes/mm3 of which 90% are PMN celi%i Protein

and globulin are moderately raised to about 80-500mg/ml .

while sugar concentration is usually reduced to less
” i

than 35mg/100ml>ﬁwelbourn (1964). However, the

Al
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sugar level estimation in CSF is of littlg value unless
the blood sugar level is also known. f |

Direct examination of gram stain smear preparations
is of diagnostic significance if gram negative diplo-

cocci are seen. Because only a few meningococci may

be present during the early stages of infection, the

I
¢

CSF specimens may be concentrated by centrifugation or
filtration. .Thé organisms are ﬁshally foﬁna both
extracellﬁlaply and intracellulargiy ~in PMN cells and
the bresence of PMN leucocytes is corre1a£ed with good
host response and favourable prognosis. |

It must be remembered that a number of other
organisms'posséss similar gram stain appeéﬁance to meningo-

cocci: These include. Branhamella catarrhalis, Moraxella

Sp, and Veilllonella sp. It is imperative. therefore,

that full charécterisation of isolates be carried out
to ensure unequivocal result of identificﬁtiono
Appropriate media for growing the mebingococcus
are Modified Thayer Martin (MTM) media:using GC agar
‘ f

base (Oxoid) and New York City medium. MTM contains

3 mug/ml vaﬁcomycih to inhibit a wide raﬁge gram positive!

. ' |
rorganisms, 7.5 ug/ml colistin for gram negative

organisms and saprophytic Neisseria and 12.5 Hg/ml
nystatin to inhibit fungal growth and 5 upg/ml trime-

throprim which prevents the swarming of Proteus S5Pe

New York City medium has amphotericin B in place of

y

nystatin. Selective media for isolation 'of Neisseria

meningitidis are especially useful when screening per
i
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nasopharyngeal swab for the presence of mcnlngoc0(c1 or for o
culture of sputum. |

Meningococci can be presumptively recoghfsed on convehtional;
media by their charateristic colonial appearahce. They p;bduce i
glistening transparent colonies which are copfirmed by gram stain;
positive oxidase and catalase reactions and %heir ability to
degrade only maltose and glucose ameng the fermentable sugars
with acid but not gas procduction. Flynn and Waitkins (1978)
described a serum free medium for testing the fermentation
reactions of pathogenic Neisseria.

D'Amerto et al (1978) and watson and Perrine (1978)

employed chromogenic and fluorescent substrates respectively,

.. for the identification of N. meningitidis. Odugbem%,
MacEntegart and ‘Hafiz (1278) while investiga'ting Ehe effects
of varioue‘cations of gonococcil noticed that%heningococci can
be differentiated from the conococci by the rLsiqtﬁncn of the
menlngococcus to a concentration of 10, OOOuM of mzgnesium

'chlorlde and also its resistance to Cong red dye Arko and
Odugbeml (1984) also devised a rapid method for differentiating
meningococci from gonococci based on the'meniqgococci's slower
reaction with superoxol (30% H202). .

A number of serological methods have beEn uged to
group the meningococci. Agglutination is the most reliable
and routinely used. The isclates may be matched against

group specific antisera to polysaccharide capsule.
o

J .




Zemenska et al. (1977) introduced the serum agar method

which would be useful during an outbreak of meningococcal

meningitis for grbuping of the specific antiéens g

" involved in the outbreak. Indeed Zemenska?gﬁ al.
(1977) found there was no statistical différence
between the serum agar method and slide agélutination
with respect to their sensitivities and caﬁabilities.

crrors dge to non-specific agglutinatioh may be

guarded against by the use of a normal control serum
diluted 1:50 and.a salline suspension of organisms
during the slide agglutination test, The counter-
cﬁrrent immun&electrophoresis (CIE) serological test

system depends on the migration of soluble;antigen

and antibcdy through an agar block under the influence

%)

of an electric field and provides a rapid means for
the degection of meningococcal antigens in:the CSF of
infected patients. However, it is not an Ugequivocal
test and a significant amount of antigen mhét be
present for intepretable results, Counter-current

. i

immunoelectrophoresis is not usually satisfactory for

detecting group B antigens and furthermore, cross-—

3
!

reactions with Escherichia coli KI and group B meningo-

cocci may occur., Ogunbi and Odugbemi (1972) haﬁe used

i

the system with some measure of success in Nigeria, but

in a developing country there are attendantfproblems
{
I ]

such as inadequate power supply maintenance of the
¥ : P '
equipment and cost effectiveness of the system. Latex

agglutination. and coagglutination tests £or meningo-
.o o
o
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coccal antigen in:body fluids are comncrcially available (Verdos
1978) . All kits contain polyvalent reagents for groups A,B and C
meningococci and have Y and W-13S alsc. According toe Ingram (1983)
these systems are considerably more sensitive.thn CIE and positive
results provide a rapid presumptive diagnosis which allows for

prompt administration of apprepriate therapy.

Epidemiology of Neisseria meningitidis and Meningococcal Diseone:

Asymptomatic nasopharyngeal carriage of Neisseria meningitidis

in healthy individuals was first recognised in i909. Howevar,
early investigators were unable to reconcile the preéence of these
ongiﬁisms and the absence of associated disease procezs. Glover
inyEQZO (cited by Frazer et al, 19273) postulateq that when the
carrier rate exceeded 20%, the community was in danger of an
epidemic, usually due to the predominant serotype being carried,’
Although Glover's concept still prevails today there is.littlg
evidence in the literature to support him.

The carriage rate of meningococcus hasg beeq ﬂariously_
"estimated to be between 5-36% between epidemics &Craven et al,
1980; Njoku-0Obi and Agbo, 1976) and 20-60% during the epidemic

pPeriods (Goldschneider, Gotschlich and Artenstein, 1969)..

According to Aycock and Hueller (1950) and winzel et al
(1978) sérogrouping of meningococcal isolates giﬁes-significance'
to carriage data; and there has been little correlation between
carriage rates and incidence of disease indeed the carriage raten
itself may not be important. since an individuél who has a
nasopharyngeal infection for a3 considerable pefiob of

time is probably not likely to succumb to



the strain. However, the rate of acquisition of
pathogenic types in a population may be,significant
{(winzel et al., 1978).

Carriage stimulates bactericidal and other
antibodies and such individuals are. immune to the
strains they carried.

The meningococcus is endemic in most populations
and the disease is usually sporadici In the USA,
Dévine;gﬁ;ﬁi:‘ (1871) studied the carriage of meningo-
cocci with time and the overall incidence of acguisi-
tion was S5.7% per year and modern generation of

carriage was about 9% months. According to Whittle

t al.. (1975) the endemic situation as seen in the

USA 1s that adult males intrcduce thé bacteria into
. ' |
the family and while other adult meningococcal carriers
. _ :

become immune in the process, childreh who are non-

immune develop infection. This situation leads to a
‘ .

low but steady case-incidence, the great majority of-

cases being infants and young childreri.’

e . Devine et al. (1972) have pointedaout that the
carrier to case ratio for group Y meningococci is

. approximately 10,000:1; B is 5,000:1 and C is about

500:1 and according to the data publisﬁed by Hassan

et al., (1979) this ratio for group A is 125:1. These
differences may reflect the heterogeniéity of the

groups. Group A appears to be more homogenous since

E the serotype protein antigens extracted. from all A
L ' ol
- | !
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strains are identical (Sippel and Quan, 1971) and
group A carriers are only found in populatﬁons
associated with group A disease (Sippel and Girgis,
1978). Sl

Studies of meningococcal carriage rates by
N joku-0Obi and Agbo (1976} in gastern ngerlan during an
1nterep1dem1c- period show that the nasopharyngeal
carriage is.about 10% and that the predominant
serogroup is B and the highest percéntageiof isolates
was from the age group 11-20 vyears, followed by €-10

years,

Meningococcal diseases and clinical manifestations:

.

Neisseria meningitidis is primarily recognised

characteristically for its role in causing epidemic
cerebrospinal meningitis and fulminaht seﬁticaemia
(meningococcaemia) two devastating dlseasé which
have caused much untold suffering throughout thé
world. However, the clinical manifestations of .
meningococcal disease may be quite varied; ranging
from transient fever and bacteraemia to fulminant
diséase culm;nating in death within a fewfhours of
the onset of clinical symptoms. wolfe an@ Birbara
(1968) classify four clinical situatioﬁé;

(1) Bacteraemia without sepsis -- patients are

usually admitted for upper reSpiratory

tract infection or viral exathem and

frequ®ntly recover without specific



antimicrobial therapy - however the
results of the blood cultures are- positive

for N. meningitidis.

' (2) Meningococcaemia without meningitis - the
batient is septic with signs of?leucocy—
tosis, skin rashes generalised malaise,
weakness, headache and hypotension.

-{3) Meningitis with or without septicaemia -
patients have headache, fever, tloudy CSF
ana meningeal signs and pathologic reflexes

not present,

(4) Meningoencephalitic presentatioh - Patients
are profoundly obtrund with meningeal sigﬁs
and septic spinal fluid. The déep tendon
reflexes and superficial reflexcs are cither
absent or rarely hyperactive. ;athologid
reflexes are frequently present} The
patient may progress from one s;tuation'to
another during the course ofthhb disease,

Petechial lesions are a common sién @f meningé;

coccal infection and petechial rashes may commonly
be seen in clusters under areas where pﬁessure may

be applied to the skin by elastic in underwear or
stockings for example. The lesions mayijin togetﬁer
to form larger lesions which appear acciymotic.

These lesions may actually be secondary to sub-

cutaneous haemorrhage, may he vesicularland

1




frequently desquamate as the patient recovers. The
petcchiae correlate with the degree of tﬁrombocytopaenia
and are clinically important as an indicator in the
evolution of bleeding complications éecondary to
disseminated intravascular coagulatioﬁA {DIC) which

Usually follows. These features have 5een extensively

reviewed by Apicella (1986). Y

Many authors have described a macroﬁapular efuption
of varying size also associated with meningococcal
infection (Wolf and Birbara, 1968 ; Feldman; 1972).

The rash is not purpuric and non—-pruritic aﬁd is
transient, generally lasting for less than 2 .days and
is usually gone ‘hours after the first observation.
Generalised musle tenderness may also be an iaﬁo:tant

differential sign. There may be occasional pain from

these myalgias causing considerable discomfort teo the

patient.

Evidence of meningeal irritation is common ekbept
in the very young and old. According to the findihgs
of Feigin and Dodge (1976) focal neurologic signs agd
features are less common in meningococcal meningitis.l
than in pneumococcal meningitis or that due to

Haemophilus influenzae.

This correlates with the pestmortem findings
described by Thomas (1943), in which focal cerebral

involvement in meningococcal meningiti: was rare

'
]
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and the cause of death was related to toxins produced
by the organism or by cerebral oedema.and to the
secondary effects on vital centres in the mid-brain

i

regions.

Interestingly, bDucker and simmonsl(1976)

supported these clinical observations when'they

found that meningoccccal endotoxin produced no

effect intravenously when introduced infd the
ventricular system of dogs, but produced massive
haemorrhagic pulmonary ocedema, Viscerallgéngestion,
and a renal haemorrhage., The lesions ob%erved were
similar to those seen outside the CNS in soldiers
dying of meningococcal meningitis and;sepficaemia
(Hardman, 1958). Levin and Painter (19685 and Kanter
et al. (1956) have emphasized the myocardial problems
associated with merningocowcal infection. Evidence of
myocardial failure as manifest by gallop rhythm;

by congestive heart failure with pulmonary oedema

and by high central venous preésures and simulta-
reous poor peripheral perfusion has keen reported

by Levin and Painter (1968),

| Shock-state is a dominating feature cf the

infection. Usually the patient is poorly responsivé
and peripheral vasoconstrictionis maximal wiﬁh
cyanotic, poorly perfused extremities. hrterial

blocd~gas analysis demonstrates high acidosis and



anoxia wifp arterial PO below 70mm (Levin and
Painter, 1968).

Further concommittant with the ihitial evalua-
tion of the patient or later in the‘;ecovery phase
of the illness, a number of unusual éomplications
have been reported. These include aﬁthritis,
pericarditis, conus medullaris syndr@me and cranial
nerve dysfunctions particularly of tbe 6th, 7th and
8th cranial nerves (Feigin and Dodge; 1976). The
pericarditis May cause iassive tamp@ﬁade.

Fulminant meningococcaemia is thc most severe
form of :meingococcal disease because}of the high
mortality rate. This fcrm, also called the Water-
house-friderichsen syndroms, occurs In approximately
5~15% of cases éf meningococcal dis%ase (Hotfman
and Edwards, 1972). It begins withléudden high
fever, chills, myalgias, weakness, ﬁéusea, vomiting
and headache, Apprehension, restle%sness and
delirium occur within a matter of hours. The rash
appears suddenly and is widespread burpuric and
ecchymptic. Haemorrhages apo<ar on:the buccal
mucosa',and conjunctiyae. Typicallf nc signs of
meningitis are present and cyanosis, hypotension
and profound shock will eventually appear. Patients,
with this form of meningococcaemiajusually present
with a high fever of about 40.5°¢ énd either a

normal WBC count or leukopaenia. Thare may also



e a lowered prothrombin time, a lowefed fibrinogen
level, and circulating levels of fibrin gplit
produtts. Serum complement may also be lowered .
Pulmonary insufficiency develcps within a foew

hours and many patients die despite appropriate

antibliotic therapy, and intensive care (Apicella 1986).

Chronic meningococcaemia iz characterised by
intermittent bactsriaemic illness that lasts'fo; at
least one week anf as long as severai months. The
syndrome must be differentiated from the problem
of recurrent episodes of meningococcal -meningitis.
Lion et al. (1976) demonstrated the absencé of the
sixth complement component in patients with chronic
meningococcaemia while Alper (1970) and
Petersen et al. (1979) reported defiﬁienéy of C-3
and C-8 respectively in their patients with this :
disease. I

As chronjc meningococcaemia progresses the
temperature rises daily and fever m%y be: more

continuous, Eventually a skin eruption app2ars

i s

e

during the febrile episodes. Howevér, chronic

meningococcarmia is not a frequent form of meningo-

A
o S R ' . -
?$§Q='f\ coccal infection (Hoffman, 1986),
e . |
é:$ Meningococcal pneumoniz has beern a recognised
1 ‘
53__ clinical syndrome for many years )
; . —E .' » f '
Egn \Young, LaForce and Head 1972). "However,
- due tc the presence of asymptomitic nasopbaryngeal
! ' f
3 !
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carriage of the meningococcus it would be hazardous
to establish the diagnosis based on sputum culture
alone. History of cough, chest pain, chills and
previous upper respiratory tract infection occur
in over 50% of patients (Koppes, Elienbogan and
Gebhart, 1977). . Rales and fever ané pharyngitis
occur in about 80% of patients. In many instances
the disease may involve more than. one lobe,
although the right lower and middle ldbes are the
ones mast frequently affected (Koppes et al., 1977).
There appears to be an association ?etween mzningo-
coccal infection and preceeding viréllreSpiratory

infection (young et al., 1972).

There are now increasing reports of the role
of meningococci in causing urethri;is (Miller et al.
1979; Faur et al., 1975) and an as$5ciation between:
orogenital sex and acquisition of the crganism has
been suggested (salit and Frasch, 1982), Localised
disease such as conjunctivitis and otitis media

and arthritis are also to be found in the literature

(Bannister, 1988).

LI

Pathogenesis of meningococcal infection

B2 IR

Among the early workers who ihvestigated the
pathogenesis of meningitis were the well known
SCientists, Councilman, Mallory and;Wright



(1898) who found that rFemoving small amounts of CSF
during experimental bacteraemia led. to the )
development of meningitis. They conclPded that
the_occur:ence of meningitis was faci%itated in
nature by transient lowering of CspF pﬁéssure.
Although ﬁhis hypothesis had no bgsis;in experi-
mental data, the role of a pressure dffferential

- between biood and CSF has been supported irdirectly

by other workers (pevoe, 1982).

The ESP serves as an excelleat cﬁlture medium
for bacteria. within hours of its ingculation with
meningococci, an inflammatory reactioﬁ in the
‘leptémeninges becomes apparent. Inflémmation of the
meninges in meningococcal disease is usually
characterised by an exudate consistiné primarily
of PMN cells. The hallmark of meringococcal meningitis
is a creamy pus in the subarachnoid %pace
(DevVoe, 1982). There appears to be noldirect invasion
of cerebral tissue itself by the exudate, per se,
but there are serious chahges in the underlying

brain. 1In the extreme, the brain becomes intensely

oedematous and congested(Devoe, 1982) |

After entry of meningococci into the CSF, the
outcome is almost invariably fatal in, the absence
of antimicrobial therapy, implying that the body

cellular and humoral defences are practically helpless



against this organism,

It is gencrally accepted that nasobharyngeal
colonisation is an essential ctep in the ﬁathﬁgehesis
of infection due to meningococci, The ‘organism
may make its way from the nasopharynx té the CNS
through two main routes, It may pass directly
through the base of the skill to the inkide of the
cranium. This appears to be the more direct and-
obvioué route, r1he second is less direct but more
coﬁventional i.e. by way of tle bloodstream across
the blood kraiin barrier. There is clinical and
experimental evidence for both routes and there is
also the possibility which combines the first two-
that the organism passes directly to the CNS and
that infection of the bloodstream is secondary to

infection of the CSF.

Once the organisms are established in the
nascpharynx they are separated, in terms of distance
by only a few millimeters from the inside of the
skull, but anatomically these are the na§opharyn—
geal mucosa, a plate of bone and the dura-mater
between these organisms and the leptoméninges.

i
The rarity of occurrence of meningitisjindicates

that these are adequate defences.

when the defences are breached, by injury for
example, the meningococci may readily penetrate

them and cause meningitis, but even whén the
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defences are intact there 1s experimental evidence
to show that particles may still find a passage

through this barrier (Christie, 1969).

The meningococcus has the capacity to produce
fulminating illress culminating in death with;n a
matter of a few hours and despite the availability
of effective antimicrobial thgraéy and.’administration
of appropriate vaccine the case fotality is still
alarmingly high (Apicella, 1Y86), and a significant
proportion of infants and childrén have been shown
to develop severe neuvrologic sequelae (Ssippel, 1981;
Goldschneider, 1969). |

Desplte the wealth of knowledyge available

on the bivlogy and epidemiology &f Neisseria menin
gitidis, many afpccts of its pat%ogenjcjty are still
poofly understoocd. '

The factors influencing the' attachment of

meningocccci to nasopharyngeal epithelial cells, the

effects of meningococcal endotoxin on ciliary activity

Of respiratcry muccsa and the biologic interactions

between N. meningitidis and the indigenous microbial

flora of the ugper respiratory tract may play an

important role in the pathogenicity of N. meningitidis

and the determination of the spectrum of susceptible

hosots.



45

Objectives

(1)

(3)

(4)

(5}

(6)

The following were the set Objectives of this study:
To isolate and characterise meningococci from

asymptomatic carriers and clinical specimens and to

determine the carriership ot meningococci among school
|

children from a defined geographical locus.

To investigate, in vitro, the ifactors influencing the -

attachment of Neisseria meningitidis to human naso-
pharyngeal epithelial cells.
To define using an in vitro model, the biologic

antagonistic interactions between Neisseria menin-

|
gitidis and upper reSpiratory'tract microflora.
To investigate the effect of meningococcal endotoxin
1 Y i
oh the activity of ciliated respiratory muccsa in

adult rat trachea model.

To investigate the role of endotoxin in the

pathogenicity of carrier and clinical isolates of

. . S s s . L
Neisseria meningitidis in a chick embryo model,

To develop an animal model for!meningococcal

menirgitis,

fat
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NASOPHARYNGEAL CARRIAGE OF NEISSERIA

MENINGITIDIS AMONG SCHOOL CHILDREN
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INTRODUCTION

Numerous reports -in the literature indicate that

Neisseria meningitidis has itS'détural habitat in the

mucous membranes of the'ﬁaSBpﬁarynx 6f normal human
I o
hosts (Sippel, 1981; Apiégl}a,.T986). %symptomatic
nasoPharyngeal carriage dfi£ﬁe meningococcus has been
recognised;since 1é96 wheh the pfesence.of these known
pathogens and absence of ;séociatéd disease process -
appeared sémewhat paradé*ical té the early investigators
(Apicella,71986). .

| In 19b9, Bruns énd.HOhh'recggnisgd'a linear relation-
ship betwe#n carriership_ih é Espulatioﬁ'and the course
o; meningococcal epidemic-;nfeétion (Ap#cella, 1986) .
Glover in 1920 (cited by Fraser EE.E£;1;1973) from his

studies conducted among militaryAcamps,;poétulated that
when the éarrier rate,of{ﬁeningo;occusIexceeded 20%, the
communityfwas iﬁ danger of an epidemic; usually due to
the predominant serogrdubﬂf”Hngver, sé far there have
not been any reports iqffhe literature to substantiate
this hypothesis. |

The meningococcus ié.eﬁdemi¢ in mést populations
and the disease when it_qcéurs is usually sporadic
(Cheever,;1965). Despité‘thgximportan¢e of meningo&occal
disease as a major cause 6f.ﬁbfbidity_and'mortality in
this country, especiail&;dpfépg the cyclically occhriﬁg'
epidemiés-(Greenwood 23 §£;, 1979; HasSaaning et al,,1979)

there have only been limiﬁed studies oh the carrier rate
) .- oo I

of Neisseria meningitidis in Nigeria.

!



Whittle et al., (1975) undertook a study of the
meningocoécal carrier rate of a general population in
northern Migeria during an epidem;c'and reported a
34% carriage rate for group A meningbcocci° Later,
Hassan-King et al. (1979) in the same environment,
also inﬁestigated meningococcal carriage during an
epidemic in Zaria, northern Nigeria and reported an
overall carriage rate of 3.8% for the epidemic strain.,
Njoku—Obi and Agbo (1976) conducted % survey on the
carriership of N. meningitidis in .the: eastern part of

|
Nigeria,ia region just outside the west African meningitis

belt. They found the most prevalent sSerogroup isolated
from asymptomatic carriers to be group B meningococci,
and an overall carriage-rate of 10%. .
Studies of carriership of meningoﬁocci among different =

populations are important in furthering our understanding ,

of the epidemiology of Neisseria meningitidis. Such studies aié
provide information as to the prevalent serogroups
within specific populations.

The meningococcal carriage rate among children in
Lagos (in the south-western region of Nigerié) has not
been previously reported. The present study was thus
Carried -out to determine the carriage rate of meningococci”l
amont school children in Ijede, Ikorodu in Lagos State
and to determine the prevalent serogrou?s of Neisseria

meningitidis in that area.
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MATERTALS AND METHODS

Subjects;:

The subjects used for this study were healthy
school chlldren between the ages of S and 15 years
1llindsng prjmary school in Ijede area of Ikorodu local
government area in Lagos State, ngerla. A total of
639 chlldren were sampled (342 male and 297 female)
after 1nformed consent. The nasopharyngeal swabs were
carcefully Laktn by depressing the tongue with a wooden
palate- depressor and swabblng the nasopharynx with plaln
cotton swabs (Sterilin, Middlesex) under-dlrect vision,
None of tnelchlldren sampled was known to have received

dﬂlelOtlc therapy within two weeks of when swabs were

taken.

Medig:

The follow1ng media were used:- Chocolate agar
Comprising G. C. agar base (Oxocid) and 7. 5%-expired human

blood) and Thayer-Martin agar (chocolate agar with 3,75

'pg/ml of vancomycin, 7.5 Mg/ml of collstln ‘and 12.5

units/ml of nystatin ( Thayer .and ‘Martin , 1966), is a®

a

selective medlum for the isolation of pathogenlc Neisseria

and was the medlum of choice for the 1solatlon of

Neisseria menlngltldls in this Study.

Processing of specimen:

¢ :
After collection, each nasopharyngeal swab was
immediately inoculated onto a plate of chocolate agar
and TM agar and plated out according to the standard

method previously descrlbed by Gillies and Dodds (1976).

i_
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The plates were incubated at 37°C in 5-10% CO» in a
humid environment using a candle extinction jar, for
18-24 ‘hours. Plates of TM not shoaing any growth after
this initial period were further incubated for another

24 houfs.

Identification of isolates:

Ater 1ncubat10n”colon1es resembllng N. meningitidis-

on chocolate and TM agar were gram stalned and observed
for the presence of characteristic gram—negative diplo-
cocci. Isolates were further 1dent1f1ed by their slow
reaction w1th Superoxol reagent (Arko and Odugbemi, 1984)-

against a known positive controeol, Neisseria gonorrhoeae

and a known negative control, Neisserig meningitidis
Group A, ATCC 1054, Using a sterile pipette a drop of
superoxol reagent (30% H202) was alloweq to fall onﬁo
suspicious colonies and observed for imﬁediate efferve-
scence (pOsitive result) or slow effervéscence {negative
result). Oxidase activity was determlned by emulsifying
suspicious colonles onto a pilece of whatman s filter-
paper freshly impregnated with oxidase reagent (BDH) .

A purple colour at the site of emu151f1catlon, obtained

within thlrty seconds, was taken as positive. Pseudomonas

aeruginosa ATCC, 27853 and Staphylococcus aureus ATCC

25923-F49 were used as positive and negatlvg controls

. ‘ . i

respectively, for the oxidase test. -
Colonies showing gram negative diplocogci that

. s . :
were oxidase positive and SUperoxol negative'were sub-—
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cultured onto chocolate agar and incubated for 18~24hr
at 379¢ in 5-10% CO2 in preparation for the sugar
utilisation tests. Sets of glucose ‘maltose, lactose,
fructose and sucrose sugars were prépared in bijoux
bottles at a concentration of 1% usibg the method
described by Flynn and waitkins (1978) employing a
serun-free agar slope comprising GC égar:base and phenol
red indicator (see appendix). .

After inoculation of the bottleé, they were incubated

at 37°C for 18-24hr in 5-10% CO» and high humidity.,

"Neisseria meningitidis isolates characteriétically

utilise only glucose and maltose w1th acid production as
1nd1cated by a change in the colour of the indicator in
the medium from red to vyellow.

The @soiates were then serogrouped Py slide agglu-
tination using a complement of group sbecific antisera
(COC, Atlanta, Georgia) comprising serggroups A, B, C, X,
Y, 2 and w-135 which were kindly provideg by Prufessof
Tolu Odugbemi, Department of Medical Microbiology and
Parasitology, College of Medicine, Unifersity of Lagos
(CMUL). The results were analysed and Eompared statis—

tically using student's t-test for significance at 95%

(0.05) and 99% (0.01) confidence limits



‘A'total number of 639 school children were sampled

for hasopharyngeal carriage of Neisseria meningitidis

in Ijede Ikorodu, Lagos State. Tﬁgse comprised 342
1(53.5%) male and 297 (46.5%) female.

Their ages ranged between 5 and 15 years and the
overall mean age was 7.6 years and a hodal'age of 7 years.
The meén age among males sampled was 7 years, while
for females the mean age was 8.2 years.

Of the 639 children sampled fo% nasopharyngeal
carriage of meningococci, 40 were fodnd to be carriers
thus giving a carriage rate of 6.2%._ Twenty—five (3.9%)
were maies while 15 (2.3%) were female (ﬁéble 2.1)

Table 2.2 shows the proportion of meningococcal
carriers among the Ijede School Children by sex. Males
accounted for 62.5% of the 40 nasopha}yngeal carriefs of
meningococcal while females accountedafor 37.5%.
Statistieal analysis by student's t-test showed that
the pr0poftion of male carriers was siénificantly higher
than that of female carriers (P'<0.05);

Tablé 2.3 shows the meningococcal'gerogroup
distribution among the 40 isoclates frémithe school

children., Serogroup C Neisseria meningitidis accounted

for 16 of the 40 isolates representing da percentage
occurrence of 40%. This was the most frequently isolated

serogroup from this study.




Serogroups A and B accounted for 9/40 (22.5%)
and 7/40 (17.5%) of the positive isolates respectively.
Group W-135 was isolated from 3/40 (7.5%) positive |
isolates while 5/40 (12.5%) were fouﬁd to auvto-agglutinate
with the meningococcal group specifié antisera.
Serogroqps X, ¥ and Z were not isolafed in this study..
Thezisolation rate of group C meningococcus was
significéntly higher than the rates obtained from

groups BEand W-135 (P £0,05),
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Table 2: 1

Summary of statistical characteristics of

Population studied at Ijede, Ikorodu Lagos State

Total Number of children studied
Male

Female

Age Ranée

Mean agé (Male)

Mean agé (Female)

Overall?mean age

Modal age

639
342 (53%)
297 (47%)

>-15years

7 years

8.2years
7.6years

B8years




Table 2:2

Nasopharyngeal Carrier Rate of Neisseria meningitidis

among thool Children at Ijede, Ikorodu Lagos State

(N = 639)

,

1

No. of children
colonised by H.

Carrier Rate of
We meningitidis

Sex of | meningitidis at

Child nasopharynx ! (£)

Male 25 3.9

Female, 15 | 2.3

Total 40 6.2
N Total number of School 'Children.

sampled in study.
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Table 2:3

Proportion of nasopharyngeal carriers of
I

meningococci at Ijede, Ikorodu, Lagos State by sex

No. of nasopharyngeal ; Proportion of
Sex of carriers of N. : Carriers (%)
Child meningitidis
Male 25 : 62.5
Female 15 ! 37.5
Total 40 . 100
N = Total number of children colonised at

nasopharynx by N. meningitidis = 40




Table 2:4

Distribution of serogroups of N. nieningitidis

among 40 positive isolates from school children at

Ijede, Ikorodu, Lagos State.

Male Female Percentage
Serogroup (N=25) (N=15) Total occurrence
: (%)
I ]
A 6 3 9 22,5
B 4 3 7 17.5
|
o 10 6 16 40
[
Autoagglu-
tinated with
available ;
antisera 3 2 5 12.5
N = Total number of children in group.

Serogroups X, Y and Z were not isolated.

i
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DISCUSSION

In the present study the nasopharyngeal carriage

rate of N. meningitidis among 639 priﬁaty school children’

between the ages of 5 and 15 years waé found to be 6.2%.
The region from which the sample popuiation was taken is
Ijede in Ikbrodu, a local government érea of Lagos State,
a coastal region situated about 900km;south of the
Nigerian meningitis belt. Epidemic méningococcal
infection has not been reported at Ijéde, but sporadic
incidents of the disease do occur., Tﬁis is in contrast

to the seasonal cyclic epidemics which have been reported

in the northern part of Nigeria (Archibald, 1962; Greenwood

Bt al, 1979; .and Hassan-King et al, 1979).

This study was directed at school children because
this age group comprises those report;d to be nmost
suscéptible to meningococcal diseases:(Greenwood et al.,
1979; Sippel, 1981} Apicella, 1986). !

The carriage rate of 6.2% is relgtiVely low compared

with those reported by other workers. For example, 21%
was reported by Fraser-g&_gi. (1973) at a naval school
for boys in England, 34% by Sandborn é&_g&. (1972) and

10% by Njoku-0Obi and Agbo (1976), HQwever, this current

figure is higher than the rate of 3.8% earlier reported
I

by Hassan-King (1579) for a general population in Zaria

in northern Nigeria. 1n epidemiologic investigations,
1
the recovery of organisms such as meningococci which
, ‘

N . - . - = | . -
are relatively fastidious in their isolation requirements,
t .



depends largely upon the isolation techniques empldyed

The use of chocolate agar and selective Thayer Martin

agar ensured the adequate isolation of:méningococci

from the poténtially mixed flora of thé nasopharynx.

Furthermore, the use of serum-free aga? slope for sugar

utilization tests prevented equivocal fesults which may

otherwise have been the case if phenol:-red, peptone water

were used for identification (Flynn and Waitkins, 1978).
Meningococcal carriage rates may fluctuate witﬁ

Season of the year; Hassan-King et gl;: (1979) observed

that the carriage rate of meningococciiwas 34% during

the dry season and 7% towards the end of that period.

The present study was carried out duri;g January to April,

the dry season, and the carriage rate;appears to be quite

low compared to 34% reported by HassaH—King ot al., (1979j°
In the present study it was observed that the

carriage rate was significantly higher amang males than

females. The reason for the significdnt.difference in

carriage rate between the sexes is not immediately clear.

However, this may not be unrelated tofbehavioural

differences between the sexes which may find males of

this age-group indulging in more physical group activities

(e.g. wrestling) thus allowing for cléser contact and

facilitate the spread of meningococci; Hassan-King et. al.

(1979) also reported a higher meningoéoccal Carrier

rate among males below the age of 20 years and females

of the same age group. However, Holhﬁwgg al. (1978)

studied meningococcal carriage

in a military population and found thét sex made little
]
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difference tolserogroup acquisition rates and duration

Sf carriage. It is possibié that in military establish-
ments both sexes are exposéq ﬁp'similar physical
conditions and boarding. quevcy; it is $lso feasible
thaE?physiological differéneés-between thé two sexes

may influcnce attachment_of_%éﬁingococci ét the epithelial

cell surfaces., This is yétfﬁo'be‘investigated.

In this present studx serogroups of ﬁ. meningitidis,

A, B, C and W~135 were lsolated, while X, 'Y and Z were

not. In recent years epldemlcs of menlngltlc in northern
ngerla have been due to menlngococcal gréups A and C
(Gre;nwood et al., 1979; Héssan—Klng et Qi" 1979) while
group B strains have beeh“largely'reSponsible for sporadic
cases of meniﬁgococcal mehingitisvobservéd in other parts.
Serogrouping the isolatesldf'mehiﬁgococcal from the

school children studles in IJede gives more glgﬂlflcance
to the cafrler data. For 1nstanbe, it 1§ interesting

to note that group C was,ﬂﬁé mdstrfrEquehtly isolated
serogroup of meningococcus‘f?om Ehis stuay!followed by
grgUp Az‘ This is quite uhiike:tAQ observation of
Njoku-Obi and Agbo (1976)‘th found that;group 1

meningococcus was the most predominant in the -urea
. ) 1 .

studied in the eastern part of Nigeria, just below the

-meningitis belt. However, 1t must be noted that their

study was done over a d6cade ago and there are reports

in the literature that 'serogroup distribution of

Nelisseria men 1ng1t1d1J often changes (Gold et al., 1975;

Apicella, 1986). If this is so, this emphasizes the

importance of continuous monitoring of serogroups of

meningococci in different populations worldwide,

{



The reason for the changing serogroup pattern
is still unclear, but may not be unrelated to the
development of immunity to a prevalenﬁ strain by
communities over a pericd of time. I !

Whether the strains of groups A qnd_C isolated
among school children in Lagos are identical to the
epidemic strains encountered in the nﬁrthern part of
Nigeria, cannot be ascertained without employing finer
epidemiological tools for typing.

It is believed that the present study has ﬁrovided
baseline information of epidemiologicag significance
regarding the carriership and serogroub distribution of

meningococci in Lagos.
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CHAPTER 3

IN-VITRO ASSESSMENT OF. FACTORS

]
H

INFLUENCING ATTACHMENT OF NEISSERIA MENINGITIDIS

TO HUMAN NASOPHARYNGEAL EPITHELfAL CELLS

RN




Neisseria meningitidis colonises the nasopharynx

of about 5-30% of the normal population during inter
epidemic periods (Griffis and Artenstein; 197635 N joku-
Obi and Agbo, 1976; Craven et al., 1980)!and 20.60%
during epidemics (Goldschneider et al. 1969; whittle

t al., 1979).

According to Cheever (1965) and Sippel (1981), N.

meningitidis gains access to the human body via the

nasopharynx and subsequent to becoming implanted there;
Ehey may remain completely quiescent, giving rise to a
carrier status, or may set up localised;inflammatory
reactions which in turn may progress tofpurulent rhinitis
and other severe ‘infections. Moreover,;it is from the
nasopharynx that meningococci afe disseminated into the
environment through aerosols produced éy spasms of coughs‘
and sneezes (Apicella, 1986). '

It is apparent therefore, that Lhé capacity for
meningococci to colonise and establish;themselves in
the nasopharynx cannot be over—emphasi?ed as a contribu-

tion to the pathogenesis and spread of meningococcal

infection. Craven et al. (1980) reported that isclates

of groups B and C meningococci from patients adhered
better to buccal epithelial cells (BEC) than strains
isolated from meningococcal carriers. However, they
could not correlate their observationé of attachment to
BEC with a specific capsular polysacc&aride serogroup,

outer membrane protein (OMP ) serotype;o: quantitétive

i !
|

|
I
1




and Morton (1981).demoustrated that meningococci exhibited
soine degree of epithelial-cell specificity in that

they attached significantly better to posterior pharyn-
geal cells than to buccal epithelial celis. This

specific recognition-reaction between the cell-membrane

1
I

of pharyngeal cells and bacterial adhesins, may help to
explain the localisation of meningococcf in the posterior
pharynx and may influence the cha;acterististic colonisa-
tion pattern observed. Salit and Mortoﬁ (1981) further
reported that, whereas meningococcal piii mediate
attachment to oropharngeal cells, the pfesence of

meningococcal capsular polysaccharide impedes attachment,

Despite the importance of Neisseria meningitidis

as-a human pathogen and its known portal of entry the

factors influencing its adherence to hdman nésopharyngeal
)

eplthellal cells have not been adequately 1nvesL1gdted.

There are for example, no reports in the literature on

the attempts to determine the possible relationship

between ages of human donors of nasophéryhgeal epithelial’

cells (NEC) and the specificity of attachment of menin-

gococc1 of different serogroups to NEG of such donors,

This may prove to be of some 51gn1f1cance, since acaording

to several reports in the literature,fthe susceptible

age groups of those who develop meningococcal disease.

are usually children and adolescents {(Sippel, 1981;

Apicella, 1986). T )

' 1
Furthermore, the presence of indigenous microflora

in the nasopharynx may exert competit&ve pressure for



binding to available receptor sites on the NEC, or

produce toxic or other substances which .may interfere

with meningococcal attachment to NEC. ;
The purpose of this study was Lo e&aluqtu andl
compare, using an in-vitro system, the éEtachment of
different meningococcal serogroups cOmp;ising Standard
meningococcal reference strains .(ATCC)gand local

isolates from carriers and clinical cases, to human

nNasopharyngeal epithelial cells.




MATERIALS AND METHODS

Bacterial strailns:

i

The following standard bacterial strains were

used in this study:

(a) Neisseria meningitidis GronpiA, ATCC

(American Type Culture Collection) 18594
Group B, ATCC 2091; Group.C, ATCC 1054

and a strain of N. meningitidis group

W~135. These were kindlyfprovided by
Prof. Tolu Odugbemi, Depa}tment of
Medical Microbiology, Coflege of Medicine

(CMUL). A strain of group C, N. meningitidis

isclated from a clinical case of cerebro-
spinal fever in Lagos University Teaching

Hospital (LUTH) designated LUTH-40%5, and

a strain of N. meningitidis group C

isolated from the nasopharynx of an
asymptomatic carrier, dééigﬁated M-625,
were uUsed as representatives of clinical

and carrier strains respectively,

(b) Staphylococcus aurcus, ATCC 25923-rr49,

(c) Escherichia coli, ATCC 25922-FS0.

(d) Psuedomonas aeruginosa ATCC 278535 all
!

provided by Prof. Tolu Qdugbemi.
(e) Strains of group A streptococci

(Streptococcus pyogeneé) and Group C




streptococci, kindly providéd by Mr. S.F.

Lawal of the same department,

(f£) Strains of Branhamella catarrhalis and

"Neisseria lactamica, . zicca obtained
'

from Mr. M.C. Obi of the same department.
(g) Strains of strept viridans were obtained

from Miss G. Ngbenebor.

Nasopharyngeal epithelial cell:

Donor nasopharyngeal epitheliai cells (MEC)

were collected from healthy necnates, infants

(1-3 years) and children (4-15 yearg) after informed
consent from gaurdians; and from voﬁunteers comprising
adolescents (16-25years) adults (26—59 years) and
elderly (60 years and above). Thé donors comprised
Lagos University Teaching Hospital;(LdTH) and
College of Medicine University of ;agds (CMUL)Vstéff
and their children, and neonates ahd infants in the
LUTH Paediatric Unit. None of the:subjects from
whom NEC were obtained was known éo be on antiviotic
therapy peior to the time of colléction of the
samples. Donors were screcned to’ determine whether
or not they were nasopharyngeal carriers of meningo—
coccl by plating their naSOpharyngeal swabs onto

selective modified Thayer Martin (MTM) medium. The




For the experiment on attacAmént as related

to age group, nasopharynqgesl celﬂs_were obtained

from five individuals in each 49€-group, who where
cunfirmed non-nasopharyngeal Carrfiers of meningococdi.
The NEC were Obtained by Swabbing| the Nasopharyny

vigorously with sterile Cotton swibs (Steriiin,
Middlesex) under direct vision af%e; depreséing
the tongue with a sterile wonden %pplicaturo The
swabs from each of the donors weré'Swiried into
phosphate buffered saline ppg (qu%d) Of pH 7.2
Previously distributed into sterilé un

iversal b
bottles, The NEC were washed in f%ve changes of

PBS and centrifuged at 500 rpm aftér_each wash to

detach bacterig already adherent to the celjs

E .
PBS. 1In this way, two sets of NEC per donor were
pPrepared Seéparately inte sterile unJversal bbttles.
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diluted to give a final concentration of 10% NEC/ml

in PBSs.

Media:

All strains of meningococci were maintained
by subculture on chocolate agar (GC agar base, 0Oxoid)
and incubated in 5-10% Cop in airjusing a candle

extinction jar, while the environm?nt was humidified
L
to about 50% by enclosing some moilst cotton wool

1
1.

in the jar. Mannitol salt agar (MSA){Oxoid)was used as

Ehe selective medium for sulture of 5. aureus and s.

epidermidis while E. coli and Ps. aeruginosa were

Cultured onto MacConkey agar {(Oxoid), Branham=lla

catarrhalis and Neisseria lactamica were cultured

on chocolate agar. Liquid medium and suspension
medium used for growth and/or suspénsion of the
organisme include: Mueller Hinton broth (Oxoid)
and phosphate buffered saline (pBSé. All organisms
isolated during this study were idéntified according

to standard methods previously deséribed by Cowan

and Steel (1974).

ier

Attachment studies:

Standardisation of tmperature and pH was first

performed in order to obtain the conditions required

(o """‘"ﬂ"’i’? R

for optimum attachment meningococcil te NEC. The

1
b
I
|
|
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“attachment assays were done using a moditication

of the methods reported by Craven et al. (1980)
‘and salit and Morton (1081). Brjofly, roepresenta-
tive meningococcal strains from Grerniaht growth

| k
on chocolate agar'wéfe-suspendeq:in PR proparad
with'sterile distilled water, toia concentration
of 3 x 108 bactefial/ml corresponﬁinq ke Moo 1
McFarland's barium suiphate staﬁdards (appendix).
Equal volumes (1m1.eaéh)'of NECiin PRS p}eviously
counted and dilﬁﬁéalgp give 104:MEC/m], anei
meningococcal suUs penalon werﬁid':penuwd'into
McCartney bottleq by araduated pipette and the pH
adjusted at setg'of pH3, 5, 7.2 and R.5 uvsing drops
of 0.02N HCl and}d.OSN.NéOH an ;ppropri#te. The

pH was determined.gith a<Corninb nmodel-7 bkype pH

meter.

Each set of'lddwﬁﬁ/ml and:WUH ctu/ml o {l.

meningiticis was made in dupliqate and the reaction-

mixture incubated at 371%. A drop of brypan blue
was added to eaCh-rCéCLlun mlxture to determine

the viability Ofuthﬁ epithellal collo. (Hon-viable
cells stained blue). Clumped %nd damagqgad NEC-Qere
excluded from Ehe_cdunt. Each set was dJdone in
duplicate and tﬁe'mean éf the ;veraqe numbor of

meningococai attaching to 20 MEC per donor  poer

group was taken as the mran nnmhor
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of gram negative dfplococci per niC, This number

was multiplied by two to obtain the mean number

of meningococci per NEC. .- |

The above prdceﬂH;e was repeatéd at a pH
7.2 but with VArigdjﬁemperﬁLureug AYC (retrigerotor),
250C and 37OC (incUbétor); 420C and:GUOC (waler bath).
After incubation of the reaction mixtures, a drop
was pubt on a cleanﬂﬁ@gfo;;ope slidé with a pasteur
pipette. This was allowed to dry %nd fixed with
100% methanol (BDH) and gram-stained. The number
of gram-negative cdcéi was determiﬁed by cwunﬁing
them directly, unden.piiAimmersiOn»objective of g
l3g%t microscbpe.Nééopharyngeal epithelial cells,

from the reaction mixtures were examined for attached
meningococci at intervals of 5 min for up to sixty

minutes, The rate ©f attachment of M. meningitidis

’ I - -
to NEC at pH 7.2 and temperaturQ 37OC was calculated
as the ratio between the mcan numﬁcr of méninqococcal

cells per NEC and the time dinterval taken for these

cells to attach and was expressedras nunber of

N. meningitidis per'minute{

All subsequeﬁt.ﬁfhéchment asSay§ were stand-
ardised and done at'é?éc and pH of tﬂe reaction-
mixture was pH 7;2. Incubation dime wias bthirkty-
minutes. These were the optimum values obtained
from the pilot stapgérdiSation e%periments

described above.‘
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Nascpharyngeal epithelial cells were obtaiﬁed
trom five individuals fro.n each ag? group (except
the elderly age group which comprised 3 individuals)
and these were separately examined:for thé mean
number of meningococci attaching fo the NEC of
each individual by counting the average for 20 NEC

per person. !

Investigaticn of ths effect of coll free supernates

of different bacterial species or attachment of

Neisseria meningitidis to NEC:

Mueller Hinton broth was inoculated with the

respective organisms (see bacterial strains used)
and incubated at 37°C for 18h. The overnight growth
| .

was centrifuged at 1000 rpm for 30 minutes and the
supernate decanted into sterile containars,

through Millipore membrane filters {pore size 45um)

The NEC were then added to the supernite and

enumerated in a tauber chambar then diluted with
supernate to give a concentrationfof 104 MEC/m1,
One ml of NEC in supernate was inbculated with 1ml
of 108 bacteria per ml and incubaged gt 37°C for
30 minutes after which a drop was;gram—stained anrl
the number of meningococcal cells attarching ko NEC

[
was counted,
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RESULTS

N. meningitidis of serogroups A, B. C and

W-135 were found to attach Optimall§ to donor
nasopharyngeal epithelial cells (NEﬁ) at a
temperature of 37°C (Table 3.1) anq PH 7.2

(Table 3.2). Attachment at this tEmPerature and

pH was significantly greater éhan any other
combination (P< 0,01) with a tutal;average of 152
meningococcal cells/NEC. The nextfniqhest attach-
ment ratio was still at pH 7,2 Dut:with temprrature
ot 42OC; a ratio of a 100 meningocbdccal cells/NEC

was observed. 1Individually among the serogroups,
‘ .

Group C, N. meningitidis clinical strain LUTH 405

had the highest mean number of medbgococcal cells
attaching to NSC:; the count was ah average of
164/NEC. However, this mean counﬁ was not signifi-
cantly different from those recorded tor serogroups
A ana B but serogroup w-135 significantly had the
lowest mean nurber of maningococci attaching to
NEC with a count of 128 meningocodci/NEC (P 0.01)
The rate of attachment of meringococci to NEC
was found to be highest between the 15th and 30th
minutes of incubatior (Table 3.3);and was determined
to be about 8 meningocotci attaching poar minute.
The mean rate of attachment did n?t alter signifi-

cantly after the first 30 minutecof incubation of

the reaction-mixtures. |
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Table 3.4 shows the attachment of meningococcal
serogroups to the NEC of male andffemale nori-
meningococcal-carrier donors. Thd highest number
of meningococci attaching to NEC éf female-donor
was 170/NEC recorded for Group A, ATCC 18%4.

However, this number was nol. significantly differént
from the values obtained for henihgocpccal attachment

to male~donor NEC (162/NEC).
S
The attachment of meningococci to the donor
! .
NEC of different aye groups is shown in Table 3.5.

The overall wmecan number of meningococci attaching
1
to the NEC was significantly higher in infant

(160/NEC), childrern (164/NEC) and adolesconts
] .
(16Z/NEC) than for necnate {(115/MEC), adult (124 /NEC)

1
'

and aged (109/WEC) (P < 0.071). h

However, there was no stati$ti¢ally significant
difference in the mean numkber of;meningococci/NEC |
between the infant, children and;adclescent age
grougs.

The lowest overall mean num@e} cf meﬂjngococci/
NEC was observed when NEC of ageg.doﬂgrs were used.
Table 3,8 shows the effect of mebingécoccal carrier
status of the NEC donors on the éttachment of

clinical ard carrier isolates ofimeningococci. The

attachment ratio for group C Cliﬁicél strain (LUTH-405)
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of 158/NEC was significantly higher kP(.O.Ui) for
non-carrier NEC than NEC of group C heningococcal
carrier, However, this count was no£ significantly
different from the count obtained fof the attach-

ment to NEC of group A carrier (160/NEC).

Pre-treatment of NEC with supernates of E. coli

significantly reduced the attachment of serogroups
A, B, C and W-135 to the REC of the!two cateqoriés
of donors compared with untreated cdntrol NEC
(P£0.01). The supernate of B. ggt;rrhalgé reduced
the attachment of only group B meniqgococci to NEC
significantly compared to the contrél-(see table
3.6}, At the other end of the wholé'spectrum of
organisms used, the supernates of N. sicca and

N. lactamica did not have significan? influence on
the number of meningococcal cells tﬁat got attached
to the dorncr NEC.

The cell-free supernates of §.|aureus and S.
gpddermidis reduced the numbers of meﬁngOCOGCal
cell/N=C for serogroups A, B, w—135‘clinical strain
LUTH 405 and group C, M625 compared;with the ccntrol.

viridans streptococci cell free supernates reduced

the attachmant cf groups A and C and wW-135 to NEC

1
I

of donors (see table 2.8). !
g

Table 3.7 shows the cell-frese supernates of

different meningococcal serogroups tected which
I
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demonstrated no significant effect on the attach-

ment of N. meningitidis to the NEC;; the supernate

of group B N. meningitidis howeverh significantly

reduced the attachment of Group B apd W=-135

meringococci to donor NEC (P<L 0.01). -




77

Table 3.1

The in-vitro effect of varying tﬁe tempcroture
of environment cn the attachment of serogroups
of Neisseria meningitidis to nasopharyngeal

epithelial cells (NEC) at pH 7.2 for 30

minutes

Mean number of bacterial cell
NEC at varying temperature (O¢):

N. mmeningitidis

strains

4 25 37 42 60
Group A, ATCC 1894 24 68 ' 152 106 . 40
Group B, ATCC 2091 16 32 150 98 - 56
Group C, ATCC 1054 30 38 - | 162 95 60

; _

Group W-135 28 52 128 110 94
Group C, LUTH 405 . ’
(clinical strain) 36 70 164 106 74
Group C, M625 , '
(carrier strain) 48 68 158 28 78

Total overall mean
for all strains 30 57 152 T 102 67
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Table 3.2
The effect of varying the pH of environment on

the attachment c¢f serogroups of ﬁ. meningiltidis

to NEC at 37OC for 30 minutes

Ne meningitidis

Mean number of N. meningitidis
NEC at varying pH:

strain

3 5 7,2 8.5
Group A, ATCC 1894 54 74 160 92
Group B, ATCC 2091 26 84 . 150 86
Group C, ATCC 1054 38 106 158 84
Group W-135 46 110 136 68
Group C, LUTH 405 1 ,
(clinical streain) 22 o4 160 120
Group C, M625 E
(carrier strain) 40 64 158 . 88
Total overall mean
for all strains 38 88 154

90
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Table 3.3 Rate of attachment of N. meningitidis
(Group A, ATCC 1894) to NEC at pH 7.2
and 37%C

Length of mean number of | Rat~ of

incubation meningococci/MNEC attachment

in minutes | meningo/min

0 0 2

0 -5 16 } 3.2

5 - 10 28 ; 2.4 |

10 - 15 40 2.4

15 - 20 110 | 14

20 - 25 125 3

25 - 30 158 5

30 - 35 162 : 1

35 - 40 150 L

40 - 45 154 | -

45 - 50 160 : -

50 - 55 158 5 -

55 - 60 164 : -

- = negligible.
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Table 3.4 '

i

Sex of NEC donor and attachment of N.

meningitidis of NEC of non—menindoCoccal

L]
carriers (Temp 370C, pH 7.2)
i

Mean No. of’g. meningitidis

N. meningitidis NEC by sex qf donor

strain Male _ Female
Group A, ATCC 1894 162 - 154
i
Group C, LUTH 405 156 ‘ 148
{clinical)
Group C, M625 {
(carrier) 160 ‘ 158




Takle 3.E

~ Attachment of MN. menirgitidis to the NEC of

aonors representing differant age groups

e~ e - e .. _(remp 37°%C, pH_7.2) . _

N. meningitidis Mean No. of N, meningitidis/NEC/per different groups

strain
Necnate Infant Crildren Acolescent Adult Agead

81

Group A, ATCC 1894 o8 160 166 140 130 102
Group B, ATCC 2091 114 172 178 174 110 o8
Group C, ATCC 1054 102 148 156 160 120 98
Group W-135 120 162 164 164 128 120
Group C, LUTH 504 120 158 162 168 136 110

{clinical)

Group C, M625
(carrier) 132 164 158 168 120 128

Overall mean for all
serogroups 115 160 164 163 124 109




82
Table 3.6 !

Effect of pre-treatment of nascphafyhgeal

epithelial cells (NEC) of donors with
supernates of some Gram-negative
organisms on attachmant of

Neisseria meningitidis |

1

Mean No. of N. meningitidis/

N. meningitidis NEC treated with supernates of:
strain - _ . . i
BC NL =C (NS Pi Control
Group A, ATCC 1894 132 162 58 454 410 168
Group B, ATCC 2091 110 160 68 160 124 154
Group C, ATCC 1054 122 168 86 4158 148 162

Group C, LUTH 405
(clinical 116 148 128 170 164 168

Group C, M625

(carrier) 122 154 110 182 114 160
BC = Branhameclla catarrhalis
EC = Escherichia coli
WL = Neisseria 1actaﬁica
NS = Neisseria siccai
ol

PA = Pseudomonas aeruginosa

Control = Untreated oonorlﬂEC
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Table 3.7 Effect of pre-treatment of donor nasopharyngreal
epithelial cells with supernates of selected
serogroups of Neisseria meninqgitidis on
attachment of meningocozci to NEC (37%  w7.2

— ———

Meningococcus Mean No. of meningccocci/NEC pre—

strain treat with supernates of
A B C C /LUTH CME25  Control
Group A 152 160 146 152 140 148
|
Group B 158 110 1%8 160 & 168 162
|
Group C 158 152 156 148 156 154
Group W-135 168 116 150 145 . 148 160
Group ¢, LUTH 405 160 168 154 150 164 162
(Clinical)
Group C, Mg25 150 162 158 155 ° 162 154

(Carrier)

A = Group A N. meningitidis ATCC 1894
i

3 = GroupBN. meningitidis ATCC 2091
C= GroupCN, meninoitidis ATCC 1054
C, LUTK = Group C N. meningitidis LUTH 405 (clinical
' isolate)
C, M625 = Group C n. meninqitidis M625 (carrier

isolate)



TABLE 3-8

Effect of pre-treatment of Nasopharyngeal
Epithelial cells of donoré with
supernates of some gram gositive
organisms on attachment of

N.menignitidis o

Mean No of Meningococci/NEC
Treated with Supernates of

Strain of —
N.Meningitidis '
' i ' SA SE VS GAS Control
Group A ATCC I89Y 118 I3y 130 152 168
Group B ATCC 209I 12w 120  .Tis8 160" 162
Group C ATCC IOSu 112 132 128 162 168
Group W-135 106 122  ITI2  Tus ISy
Group C Clinical :
-LUTH 405 I28 108 124 I56 166
Group C Carrier M625 12y 118 IéO‘ 150 I58
iy
SA = Staph. aureus f
| SE = Staph. epidermidis :
Vs = Viridans streptococcus
GAS = Group A streptococcus

Control = Untreated donor KEC
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Table 3,9 Effect of meningococcal carrier status
of NEC donors on the attachment of clinical
and carrier isolates of meningococci to NEC

Strain of Mean No. of meningococci/donor NEC
N. meningitidis :
Group C carrier. ,Group C non-

donor ~carrier donor
Group A, ATCC 1894 160 156
Group C LUTH 405 132 : 156

(clinical)

Group C M625 ' 156 154

(carrier)
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Table 3.40 Comparisor of attachment of N. menlnqltldls
‘ with non-pathogenic Ne1§s¢r1a and Branhamella
catarrhalis to donor NEC (mep 37°C, pH 7.2)

Bacterial Mean number of bacteria/NEC
Strain :

Neisseria meningitidis .

Group A, ATCC 1894 158
Branhamella catarrhalis 120
Neisseria lactamica 58

Neisgseria sicca 84

R SN T
G




epithelial cell controel.

Fig. 3.1 Human nasopharyngeal
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Fig. 3.2 Attachment of Neisseria meningitidis group C

LUTH 405 to human nasopharynqéa] epithelial cells.
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DISCUSSION

The present study was carried out to investij
gate the factors which may influence;the attachment
of meningococci to nasopharyngeal ep?thclial cells
(NEC) usang an jin-yitro system. The;results of
this work indicate that environmentaﬁ temperature
and pH are important parameters affectiﬁg the
attachment of meingococci to NEC. Meningococci
were founq to attach optimally'at pH 7.2 and
temperature of 37OC. This is in agﬁéement with
the report by Craven zt al. (1280) énq Stephens,
Hoffman and McGee (1983). These findings are
not sufprising. Simiiar conditionsféf.temperature

and pH are encountered in the host environment

where thz organism may be tound under natural

circumstances, Further to these obéervatiOns on the
ptiysiological requirements of the méningococci, the
work of (Catlin, 1973) also SUPpOrts this finding.

Tne meringococci are fastidious organisms and
exacting in their growth requirements ;nd are
susceptible to even subtle changes;in the environment,
The significant variations in the results for attach-
ment ac uifferent temperatures andpr confirmed the
need for a baseline standardizatioﬁ at which sub-

S=quent In-vitro assessments of attachment shouyld

be performed. On this basis, the values of pH 7.2
|
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and temperzture, 37°C were choscn. Pur}hurmare,
a pilot investigation indicated that- an optimum.
nutber ¢f meningoccccil is attached to HEC by
the end of 35 minutes incubation and ény further
incubation of the reaction mixture was not useful.
This finding is contrary to thcse éf Aly et al.
(1977) who reported maximum attachmént between
90 minutes and 2 hours but agrees with that of
Craven et al. (1980) and Salit and Morton (1981)
whe reported that maximum attachment usually took

place at 30 minutes incubation.

|
It is also interesting to note that the number
of meningococci which became attached to NEC

increased with time in a positive correlatinn

( r = 0,98 on Pearson's scale) for;the first
thirty-five minutes of incubation.‘ However, the
highest rate of attachment occurreé between 15—20_
minutes after incubation. This may be due to the
orientation of organisms for speci%ic binding sites
on NEC and may reflect the mechaniéms involved in
binding and factors influencing it;éuch as hydro-
phobic interactions at respective %urfaces.

That ~ the number of meninaccocet

attaching to donor NEC does not significantly

increase after thirty minutes suggest the bresence

of perhaps a limited number of binding. or receptor
¢
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sites or the NEC or that only a certain percentage
of the total organisms possess the nécessary
mechanisms to recognise roceptor sités. This
prablem has not been progerly addreshed by earlier
investigators who have wcrked on the' attachment of
bacteria to epithelial cells. Indeeb; the specific
receptor sites on human epithelial cells need to ke
identified and quantitated, moresor EinCe backterial
attachment to epithelial cells playg an important

role in mucous membrane colonisation (Aly et al.,

1980; Lampe et al., 1%82) and correlates closely

with disease pathogeresis (Salit and Forton 1981).

In the present study, not only:were the strain
characteristicos (i.c. meningococcal iisolates from
clinical cases and asymptomatic carriers) considered,
but also the status of the NEC donofs (i.e. meningo-
coccal carrier or non-carrier statué)_taken inkto .
consideration in determining the affinity for
attachment. Although there was no significant
difference between the general attu&hment of carrier
strains and clinical strains of meningococci to
donor carrier and non-carrier NEC it is interesting
to note that clinical isolates or group C meningococcal
attached significantly better to NEC of non-carrier

donors than carrier donors (P< 0.01). These

3
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observations may suggest that hosts who have not
been previously colonised by meningdcocci may be

at higher risk to colonisation by clinical isolates
when such strains are prevalént in the environment,
This inference is correlated well by the report of
Goldschneider et al. (1969) which claimed that
asymptomatic colonisation by meningbcocci s an
immunising process resulting in thefproductjun of
protective antibody. A clinical strain of group. ¢
(LUTH 405), the clinical isclate of meningococcus
used in this study, bound in significantly higher
numbers to the nasopharyngeal cells cbtaincd from
a group A meningococcus carrfier than'to thase of a
group C carrier (P< 0,01). ‘This indicates further
that there may exist a specificity?in the protection
afforded colonised persons to clinical isnlates of
meningococci. During the cdurse of this study,

local clirnical isclates of groupfh'ﬂ. meningitidis

could not be obtained, thus it could not be
determined if the same would be true of clinical

group A meningococci isolateés froem Nigerian patients.

1 : v
The specificity of attachment of meningococei

©f varlous serogroups and of clinical and csrrier

strains of Group C to NEC of doncrs from different

age groups was also investigated in this study.

The results obtained showed that meEningococci

¥
I
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adhered in significantly greater number tﬁ thé
NEC of infants, children and adolescents than to
the NEC obtained from neonates, adulfs'and
elderly persons (P£ 0.01). Such preferential
attachment may be important in determining the
susceptible group wnich may éubseque%tly develop

| :
mening>coccal disease and correlateslwell with the
finding that meningococcal idféctioés are more

cormonly described in children and adolescents

(Avcock

t al., 1980; Apicelia, 1986). The reason
for favoured attachment to NEC of a particular
age-group is still unclea- bdt may‘Aot be unrelated
to the apparent absence of COrrespdﬁding humoral
antibody in the groups whichiattachﬁent is highest
(Goldschneider et al., 1969, ‘Apicenja, 1986) .
Fothergill and wWright (1933),and Goldschneider et
al. (1969) pointed out a possible inverse relation—
ship between the age of maximum disgase‘incidence_
and age-related prevalence of bacte;iéidal antibody
by using in-vitro tests. Furthermore, new born up
to the age of about six months have.been shown to
possess maternal-acquired passive immunity to
meéningococcal infection (Goldschneider 1269; Sippel
1981). It is interesting to note tha£ there were no
significant differences in the pattéfn of attachment
0f selected serogroups to the NEC of different age

group. This implies that each serogroup possesses .
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a similar cepacity to colonise individuals of each
age group., : .

According to Craven et ;l. (1933) and Beachey

-

(1980), the ability to attach to mudogai}surfaces
may be regarded as a measure of the pdthoqenic
potential of an organism, and the at?a:hment process
represents the esteblishment of a base from which

tissue peretration or cell invasion can be initiated.

In this study, the adhererce capacity of two

species of non-pathogenic Neisseria (N. lactamica

and N. sicca) and granhamella catarrhalis was

compared with that of MNeisseria meningitidis,
Meningococci were okserved to attach in signifi-

¢natly greater numbers to doror NEC than the non-

pathogenic Neisseria sp. and B.. catarrhalis which

Lt
.

were isolates from the upper reSpirato%y tract of
patients in Lagos University Teéching AOSpital (LUTH) »
The enhanced capacity for attachment by{meningococci
to NEC may to some extent account for tbe men ingo—
coccus more significant role ip Qisaaseicausation

and reflect its greater potential for pdthogenicity

than the classically non—pathogedic Neisﬁeria SP.

The mechanisms involved in the binding of some

Species of Streptococcus, Staphylococcus, and

Escherichia coli to epithelial cells from different

1
) - . . 1
sources have been extensively lnvestigated (Beachey,
. 1

. .
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1975; Beachey, 1980). '

Teichoic acid (TA) ahd 1ipoﬁeichoic acid
(LTA) in the cell wall of S« aureus'and Strept
pyogenes respectively, have been sh@wn to mediate
attachment of these organisms. An ;nteresting
report by Aly et al. (1980) describéd the inhibi-
tion of binding of Staphylococci tofnasal epithelial
cells by pre-creatment of the cells with strepto-
Coccal lipoteichoic acid. waever,fpre—treatment
of the cells with staphylococcal teichoic acid
surprisingly did not inhibit the bi%ding of Strept-

. | .
ococci to the nasal epithelial cells. Craven et al.

(1980) observed that meningococcal Etrains demons-~
trated affinity for buccal ebitheli?l cells and
postulated that this was possibly dpe to interactions
between hydrophobic subunits of pilﬁ and buccal
epithelial cell surfaces. As human;beings are the
only natural host for the meningocopcus it seems
reasonable to speculate that there!is some unique
property in the human epithglial cells e.qg. a
specific epithelial cell reéeptor,;that permité
attachment of meningococci énd subéeqﬁent nasopharyn-.
geal colonisation. i ‘

In the present work, the effect of cnil free

supernates of some strains of Se alreus, E£. coli and

S. epidermidis were found to inhibit attachment of
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these organisms to NEC ip-vitro as evidenced by
the significantly lower number of meningococci

attaching to NEC which had been pre-?géated with
the supefnate of these organisms. Tﬁe maechanisms
by which inhibition occurs is stil) Aot clear.
However, there are a number of Specufations which
appear feasible: ' j
(1) Competition for binding sites by some
bacterial cell constituent% present in
the supernates, and;

(2) Direct bactericidal effects of cellular

and metabolic products of the inter-

fering organisms (see Chapter.4).
Pre-treatment of donor NEC with cell-free filtrates
of group A meningococci also éignifiéantly reduced
the numbers of groups A and Cimeningséocci binding
tc NEC. I

That some organisms such,as S. dureus and S.

epidermidis which are normally part of resident

microflora of the nasopharynx of a high percentage
of the population, are able to inhibit attachment

of meningococci to NEC in-vitro, is of intesrest and
Mmay sugggest that some individuals colonised with
such corganisms may be less susceptibfe to colonisa-

tion with meningococci. However, thed mechanisms of
i .

attachment are not yet fully understdod and it is
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possible that the specific members or populations
: o

of inhibitory organisms may also have to be taken

into consideration in this regard.

]
1 3
¢

The results of these inveétigations have
demonstrated the complexity of meningococcal
attachment to NEC in the sense that ﬁ;ny factors
may be operative in synchrony éo detefmine if such
process should indeed take place. Thdse include
the meningococcal carrier status cf the host,
characteristic of the strain (i.e clinical or

carrier isolates) and the presence of 'other micro-

organisms in the nasopharynx. . |

i

This study also includes the first repoft in
the literature of the preferential attachment of
meningococci to NEC of infants and adolescents.

It is conceivable that all these factors and
othefs yYet to be determined ana preseétly outside
the scope of this study, may interplay to determine
the spectrum of host susceptible to Méningococcal

nasopharyngeal colonisation and possibly the sub-

sequent development of meningococcal infection.
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CHAPTER 4

AN IN-VITRO INVESTIGATION OF THE

BIOLOGIC ANTAGONISTIC INTERACTIONS BETWEEN

J

NEISSERIA MENINGITIDIS AND UPPER RESFPIRATORY

TRACT MICROFLORA




96

INTRODUCTTION

The interactions betweeh man's indigenous
microflora and potentially pathogenic organisms
have been the subject of sporadic investigations
and continuous speculations for sevéralLdecades
(Sanders, 1969; Crowe et al., 1973). ,There is
evidence in the literature which suqéest; that
bacterial interference by the mucosa} normal flora
may enhance fesistance to thelacquisition of some
pathogenic bacteria or to their associated disease
(Kraus et al., 1976). Sanders (196"-3!{ demonstrated
that viridans streptococci isolated ffdm the normal
flora of the throat were highl& inhibitory to the

growth of group A streptococci; while:Crowe t

al.
(1973) reported that some species of Neisseria
possessed bactericidal activity againét group A
streptococci. Hentges (1967) geparted;the inhibitibn

of Shigella flexnerii by Klebsiella spp. present in

v

the normal intestinal microflora. Kraus et al.

(19756} and Movin et al. (1980) cobserved that
gonococcal immunity may be mediated by bacterial

interference from urethral organisms,

In an earlier report, Sanders (1969) showed

that strains of viridans streptococci isolated from

the throat and s. epidermidis, were able to inhibit
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the growth of meningococci in vitro. Furthermore,
Jyssum and Allunans (1984) observed that meningo-
cocci themselves were capable of producing

substances inhibitory to other meningococci.

Recently, Filice et al. (1985) using an agar

overlay technique demonstrated the inhibitory

effect of Strept faecalis and Bacillus pumilis

against group A meningococci. Despite the importance

of N. meningitidis as the causative agent of
cerebrospinal fever and meningocéccaemia,-and its
paradoxical asymptomatic éresencé in the nasopharynx

of colonised hosts, the interaction between menirgococci

and the normal nasopharyngeal microflora has not

been adeguately investigatéd. '

Furthermore, the results of the study in

i
i

chapter 3 of this thesis have demanstfated that
the cell free supernates ofisome b%éteria such as
S. aureus and E. coli, were capable of inhibiting
the attachment of meningocé@ci to ﬁﬁman Nnaso-
pharyngeal epithelial cells. This}also indicated
the need to further investigate thelmechanisms of
interactions between these organisms and Neisseria

meningitidis.

This study was undertakén to idvestigate and
compare the antimeningococcal, activi&ies of bacteria
isolated from the upper—respifatory tracts of
meningococcal carriers and noﬁ—carriérs using an

in-vitro assay system, . _ ﬂ

§




P

..'q', "'t

W

Lo

MATERIALS AND METHODS

Bacterial strains:

The followjng.stéhdard bacterial straings were

used in this study:,_N,_medingitidis SErofroup A,

ATCC 1894, group B,  ATCC 2091, group C ATCC 1054

and a strain of qroup_wfﬁ§5}'Ps. aéruginosu, ATCC
27853, S. aureus ATCC, 25923 - F49 and E. coli,

ATCC 25922 - F50. Thesé organismslwere'kindly
provided by Prof. Tblﬁ-ddﬁgbémi, Départment of
Medical Microbiologg,‘Colieqe of Medicine, Univergity

of Légos. Strains of'grouﬁlA Streﬁtococcus and
Gr&up C Streptbcoccﬁé werae éfovidud by Mr. 5.F. Lawal,
Department of Medicai‘Michﬁiology,itollege of
Medicine, Universitf“éf.LagQg and viridans strep-
tococci werce obtained f}om:ﬁﬁss. G.iNegbgnebor of
the same departiment, Othe?‘bacturiél straing used
during the course of this study weré obtained by
swabbing volunteers'$t3the H;sopharfngealrsite and
culturing these speéimeh'éqhq'approp;iate media.
Media A | i
The media used-for thiS'Study wére HEH 10}10ws:
Chocolate agar (Oxoid),vThayef—Martiﬁ agar, Blood
agar, crystal violeﬁ_blood agar (CVBKQ, MaConkey
agar and Mannitol sq;h'qgar. Hueller-”intoﬁ'broth,

nutrient broth and brain heart infusion broth were

the liquid media used.’ Details of the formulation
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and preparation of these media are given in the

appendix.

Isolation and identification of bacterial

organisms:

Nasopharyngeal swabs were plated out onto the

- I t .
media mentioned above and plates were either

incubated in 5-10% Cop in air in a candle extinc-

- tion jar (chocolate agar, _Thayer;Martin agar and

crystal violet blood agar) or in air (Blood agar,
MacConkey agar and Mannitoi salt agar (MSA) for
18-24h. The isolates obtaihed we%e Gram stained
and then identified following the 'standard methods
of Cowan {1974). 7The organisms were

maintained by subculture onto ‘media as follows .:

E. coli, Ps. aeruginosa onto MacConkey agar;

Neisseria gpponto chocolate, agar, Staphyloéoccus SPp.

and Streptococcus spronto blood agar.

Preparation of sterile celleree~filtrates: A
modification of the filtrate technique described
by Crowe et al, (1978) was used tO'prépare the celil
free filtrate of the organisms used. for this work.
Overnight growth of thejorgani$ms on sclid
media were inoculated into 9ml of brain heart

infusion broth which had already been diSpenséd into

sterile universal bottles. tThe bottle were then



incubated for 24 hours in 5-10% Cop in candle-
extinction jars. All the bacteria present in the
broth cultures were removed by?passége through
membrane-~filters (pore size 0:45 pm; Millipore

Co) and the filtrate waé collec£ed ahd stored at 4°C

inside sterile universal bottles (Sterilin).

.Determination of inHibitory activity of

filtrates by filter paper disc: ‘Filter paper

discs were preparcd from whatman'$ No. 1 filter
paper with a standard perférator and sterilised by
autoclave and impregnated with 0.02ml of cell;free—
filtrate and placed on a plate of chocolate agar
flooded with-106 cfu/m}l of meninqoéocci of
respective serogroups. The blates Qere incubated
at 37°C for 18hrs in 5-10% COp. Inhibition was
observed as a zone of no growEh immediately around

the disc.

Agar overlay technique:

This method has previous]y_beén described
by Crowe et al. (1978) and Jyssgm and Allunans
(1984). The test organism was'émuls%figd in
saline to 108 cfu/ml correSponding to;mcﬁarland's
No. 1 opacity and 2mls spread on S;plate of chocolate
agar, this was then incubated at 37°C overnight.
The plates were.then replicate-plated onté a

fresh chocolate agar plate and then ioverlayed with

¥




molten chocolate agar which was allowed to solidify.

Standard suspensions of 106 cfu/ml wéfe spread
on the plates and then incubatéd overnight at 37°%¢
in 5-10% Cop in air. The plate% were then observed :
for zones of inhibition on the overlay.

Inhibition of growth in Mueller Hinton broth

containing cell-free—filtrate:

Five mls of Mueller Hinton béoth'and five mls
of cell-free-filtrate were inoculafed with 0,1 ml
of 10° cfu/ml of meningococéi and ipcubated at 37°¢
for 18 hours while controls.cOmprising Mueller
Hinton broth inoculated with mening&cééci were also
set up under the same conditions, The bacteria
were enumerated using modified Miles&and Misra (1938)
surface viable count using a 0.02ml dropping pipette.
Counté lower than 105 cfu/ml for cellifree—filtrate
treated Mueller Hinton broth we?e rega%ded as having

inhibitory activity.
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-3 RESULTS .

The antagonistie in&eractidns between the
bacteria from the upper respiratbry tracts of
meningococcal carriers and non-cérriers was
investigated in-vitro by agar ove}lay technique,
inhibition of growth in broth andlfiltrate impregnated
filter—paper.disc methods. Table 4.1 shows the
inhibitory effects of the cell free filt rates of

some standard bacterial strains on the growth of

different serogroups of N. meningitidis. All the

strains of meningococci tested were inhibited by S.
aureus ATCC 25923-F49 as demanstrated by a zone of
inhibition around the filter paper disc. The cell
free filtrates of E. coli ATCC 25922—FSO inhibited
the growth of Groups A, B, w:1§5 and g%oup C M625

(carrier strain) meningococci. However Ps

aeruginosa ATCC 27853 showed inhibitory lactivity
only against Group B meningococcus. Gram positive
organisms 1solated from the upperirespirétory tract

of non-meningococcal carriers (S. aureus,]S.

epidermidis, Group A, beta-haemolytic sﬁreptococc1
and viridans streptococci) had 1nh1b1tory aCtlvlty
against serogroups A, B, C, W-135 méningoco?ci.
Six out of 10 (60%) of isolates of §; aureué from
the upper-respiratory tract of non—méningoco%cal

carriers inhibited the growth of groups A, B'and C




meningococci while 5/10 (50%) inhibited the growth
of Group W-135. (Table 4.2).

5. epidermidis strains were also found to

inhibit meningococci 4/10(40%)Eagainst groups A,
W~135 and group C clinical and carrier isolates and
3/10 (30%) against Group B and Cameningococci. Two
out of 8 of the isolates of S. pyogenes and 4/8
(50%) of viridans streptococci Qe?e able to inhibit
the growth of meningococci,

Table 4.3 shows the inhibition of N. meningitidis

by gram negative bacteria (B. catarrhalis, E. coli,

N. lacktamica and P. aeruginosa). E. coli was able

to inhibit the growth of zl1: the serogroups of
imeningococci tested while ﬂ.%lactamica inhibited the

growth of serogroups B and C, N. meningitidis.,

Some strains of gram psoﬁive baéteria from the
URT of meningococcal carrierslwere also able tu
inhibit the growth of meningocéccal serogroups A, B,
C and w-135 (see table 4.4). Five out of ten (50%)

of the strains of 5. aureus and 2/10 (20%) of 5.

epidermidis from this group inhibited the growth of

meningococci of serogroups A, B,iC and W—135.
HoweGer, Group C beta-haemolytic:streptocécci did
not exhibit any inhibition of growth against the

meningococci (Table 4,4).

None of the strains of B. catarrhalis, N

lactamica and Ps, aeruginosa inhibited the growth
—g=tarred : . |

T




meningococci (see Table 4.5)0

Table 4.6 shows that dialysis of the filtrate

of inhibitory strains of S. aureus, S. epidermidis,

E. coli and viridans streptococci' had no effect on

their inhibitory activity; However, after heat

treatment, strains of §. aureus, S. epidermidis and

viridans streptococci lost all ipﬁibitory activity
(see also table 4.7), On the othér hand, heat
treatment of 60°C of E. Egli cell:free filtrates did
not lead to loss of its inhibitory activity.

The inhibitory activity of- Staph, aureus ATCC

25923 -~ F49 against N. meningitidis Group ¢,

ATCC
I .
1054 by cell free filtrate impregnanted disc is

demonstratea in Fig. 4.1.
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Table 4.1

Inhibitory effect of cell free filtrates

of some standard baqterial Ftrains on khe
* 1

growth of N. meningitidi's in vitro

Bacterial Effect of cell-free filtrates of:
strain _
: SA PA C Control
- Group A, ATCC 1894 + - s -
o Group B, ATCC 2091 + + + -
NATL Group C, ATCC 1054 -+ - ~ =
’ ! I
. . | .
L Group wW-135 " - - ' -
o Group 7, LUTH 405 + - - -
P_?‘ {%}
o Group C, 1625 + - + -
SA = Staph. aureus ATCC 25923 - F49
EC = Escherichia coli ATCC 25922-F50
PA = Psaeudomonas aeiuginosé ATCC 27853
A Control == Filter paper disc impregnated with
. Mueller-Hinton broth.
}
= !

Ak 1%

P
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Table 4.2

The inhibitory effects of gram-positive organisms
isolated from the upper respiratory tract of non-
meningococcal carriersion different serogroups of

N. meningitidis

Number (%) of strains of test organism
inhibiting growth of meningococci
Strains of SA SE 'GAs  scs Vs
meningococcus (N=10) (N=10) (N=8) (N=4) (N=8) Control
Group A 6 (60) 4:(10) 3(38) 0 (0)  4(50) 0
Group B 6 (60) 3 (30) 2(25) 0O (0} 4(50 -0
| i
Group C 6 (60) 3°(30) 2(25 0 (0) 4¢50) 0
Group w-135 5 (50) 4.(40) 2(25) 0 (0) 4(50) 0
i
Group C, LUTHA40S 6 (60) 4 (40) 2(25) O (0)  4(50) 0
Group M625 6 (60) 4!(40) 2(25) 0 (0) 4(50) O
% = in parenthesis
SA = S. aureus )
SE = Se. epldermidis i N
GAS = Strept pyogenes dr Group A B-haemolytic
streptococci
GCS = Group C, fB-haemoiytic streptococci
V3 = Viridans streptococci .




Talkle 4.3

Inhibition of N. meningitidis by gram negative

: !
bacteria isolated from the URT of non-

meningococcal carriers

Seroqrou of Number (%)'of strains of test
03 ps organisms inhibiting growth of
meningitidis’ =rangocoect
BC EC ' NL PA
(N=8) (N=5)  (Ne3)  (M=1)  Control
A, ATCC 1894 - 3 (60) - - .-
B, ATCC 2091 - 3(60) 1 (33) - -
C, ATCC 1054 - 2 (40) 1 (33) - -
W-135 - 13600 - _ _
| ! . |
C, LUTH 405 - i 2 (40) - - —
(Clinical strain) 5 L
C, M625 ; | .
(Carrier strain) - P33 (60) - - -
- = inhibition not observed
BC = Branhamella catarrhalis
EC = Escherichia cdli
NL = Neisseria lactamica
PA = Pseudomonas aeruginosa

URT = Upper Respiratory Tract
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Table 4,4

Inhibition of N. meningitidis by gram-positive

bacteria isolated from the URT of meningococcal

carriers

Number (%) of strains of test
organisms inhibiting growth of meningococci
Strain of SA ' SE ' GAS VS
meningococcus (N=10)  (N=10), (N=4) (N=6)  control _
Group A 5 (50) "2 (20) 1(25) 2 (33) 0
Group B 5 (50) 2 (20) 1 (25) 2 (33) 0
Group C 5 (50) 2 (20) 0O (O) 3 (50) 0
Group W-135 5 (50) 2 (20). 0 (0) 3 (50) 0
Group C, LUTH |5 (50) 2 (20) 1 (25) 2 (33) 0
: !
Group C, M625 5 (50) 2 (20) 1 (25) 2 (33) 0
% = in parenthéses :
SA = S. aureus :
! |
SE = S. epidermidis
GAS = Streptococcus Group A
VS - vViridans streptococcus
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Table 4,5

Inhibition of N. meningitidis by gram-negative
|

bacteria isolated from the URT of meningococcal
. carriers }

Number (%) of stra&ns of test organismr
inhibiting grewth. of meningococci
Serogroups of BC EC NL PA
meningococcus (H=6) (N=4) (N=2)  (N=1) Control
A, ATCC 1894 - 2 (50 % | - -
B, ATCC 20¢1 - 2 (56) % | + -
C, ATCC 1054 - 2 (50) - - -
W-135 - 2 (56) ; - -
‘ [

C, LUTH 405 - 2 (SQ) ~ - -
C, M625 - 2 (50) - - -

BC = Branhamella Fatarrh?lis.

NL = Neisseria la;tamica;

EC = Escherichia ¢oli ;

PA =2 Pseudomonas aeruginasa

- = No inhibition !
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E@ble 4.6

'
i

Effect of Dialysed filtrate of bacterial

strains on their inhibitory activities

against N. meningitidis

Test organism inhibiting growth
of meningococci after dialysis
Strain of of flltrate ,
meningococcus SA SE EC- VS Control
Group A + + + + -
Group B + + '+. + -
Group C + + + ' ‘ + —
+ = inhibition ‘

- = no inhibition

SA = 5. aureus
SE = S. epidermidis
EC = £. coli

VS = Viridans streptococcus

'




Table 4.7
Effect of heat-treated filtrate of

bacterial strains on their inhibitory

' activities againstN. meningitidis

Test organism inhibiting growth of

meningococci after heat treatment
Strain of of filtrate
meningococcus SA SE EC VS Control
Group A - - + ;- -
Group B . - - + S -
Group C - - + Lo -

+ = inhibition

- = no inhibition

SA = §. aureus
SE = S. epldermidis .

VS = Virldans streptococcus
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Fig. 4.1 Inhibitory activity of ataph. gureus ATCC 25923 -
. ™
jg F49 against N. meningitidis Grou(} C ATCC 1054
' by cell free filtrate impregnaﬁted disc.
RV' - SA = Staph. aureus
‘ C = Control disc.
.
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DISCUSSION

The present study was prospectively designed
to investigate and compare the antagonistic
interactions between the different serogqroups of

N. meningitidis and other bacterial organisms which

are part of the normal micrcfloraiof the upper
respiratory tract of humans. The 'results obtained
from this work demonstrate that céll frece filtrates
of some strains of S. aureus, E. coli, viridans

streptococcus and S. epidermidis were able to inhibit

the growth of meningococci group A, #, C and W-135
in-vitro. 1

This is not the first report df antagonostic
activity of organisms from the nasdpharynx inhikiting

the growth of meningococci. Filice et al. (198%)

reported that some strains of Racillus pumilus and

viridans streptococci as well as strept. fascalis
] .

have inhibitory effect on the growth of group A
meningococci isolated from children%in a skid—row
community in Seattle, USA. However; th;re is no
information about the meningococcal ;arfieb status
of the children investigated. Some results of part
of this study confirm and extend the report of
Filice et al. (1985).

The present work was alsc able to demonstrate

that strains of bacteria with inhibitory activity
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could be isoclated from both meningococcal carriers
anﬁ non-carriers. This particular finding is
interesting. This may imply that the actual
numbers or concentrations of inhibitory organisms
found in the nasopharynx may be a more important
factor in determining the presende or absence or
meningococci at this site in an individual than
its mere presence., Thus the more heavily cclonised
an individual is with inhibitory strains, the less
likely it is that such a person will be successfully
colonised b? meningococci which are sensitive to
those strains.
- Determination of antagonistic bacterial activity

sing filter paper discs impregna?ed:wfth cell free'
supernates of overnight growth of the ﬁest organism,
proved to be a simpler and better method than the
agar-overlay technique in determining antagonistic
acitivity, as demonstrated by theifact that none of
the strains shown to be inhibitor; by the disc method
was so for the agar-overlay technique in this study..

The mechanism whereby inhibiﬁor? oryganisms

produced their effects in this stqu is lafgely
unknown. According to Sanders (1569) ahtagonism of
one bacterium by another may result from any three
possible mechanisms (1) elaboratio; of an antibiotic
susbstance (2) degpletion of essentﬁai substrate from

i l‘*'i
growth medium and (3) creation of a restrictive



physiologic environmnent, Since in the present study,
the inhibitory effects against meningococci were also -
investigated by the effects of cellifree filtrate
impregnated into discs, it is higﬂly improbable that
inhibition was due to depletion of substrate or

restrictive physioiogic environment. Thic suggests
that inhibitory strains were oparative by means of
preducing antimeningococcal facfo;s,the Pature of
which is yet to be elucidated. However, ithe results .
of this study have shown that these_factors vary ainong
different species or organisms proaucing them,., For |

example, whereas the anti-meningococcal factors

produced by S. aureus, S. epidermiuis and Viridans

streptococci are heat-sensitive and, non-dialysable
against distilled water, that of E. coli is heat-
stable. This proposition becomes even more attractive
when spatial arrangements of interfering organisms
are considered and spaze for attdcﬁment to binding
sites becomes depleted, However, %his':oncept is
still speculative and yet to be experimentally
substantiated,

The phenomenon of bacterial antagohism or
interference has already been exploited in the
control of staphylococcal disease in newborn
(Sanders, 1969), |

It is quite possible that bacterial interfe-

rence by mucosal microflora might increase resistance
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to the acquisition of meningococcus or its associated

diseases at the nasopharyngeal siﬁe. Some studies

have already provided evidence that mucosal flora
which inhibit the growth of §. aureus (shinefield et al,
AF?~ S 1963), and Group A B—haemolyfic sﬁreptococci'(Crowe et al,
r:* , 1973) have been associated with resistance to diseases
| caused by these pathogens.
Jyssum agnd Allun.ans (1984) r%cently reported
that meningococci were capable of:producing substances
(meningococcocin) : inhibitory to other strains
of meningococci. in the present gork, this phencmenon
was not observed among the straing of méningococci
i used, but does not preclude the existence of such
strains in this environment and may only reflect low
incidence of these strains, i
An interesting aspect of the:present work is
1 | _ the novel method designed to investigate bacterial éntagonism
If the precise nature and mode ofiaction of the anti-
.%p , meningococcal factors can be further elucidated, it
may prove to be useful in preventing meningococcal
colonisation of the upper-respiratory tract and other
easily accessible mucosal sﬁrfacei.
The present work has demonstratsd that some.
bacteria normally resident in theéhumantnasopharynx
may produce substances inhibitorf to mzningococci.
It is conceivable that such a pheﬁomenon may play a

o _ -
} significant role in determining, depeqding on the

!
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concentrations of such. bzcteria, those individuals

who will eventually become nasopharyngeal carriers

of N. meningitidis and subsequently develop

meningococcal disease. It has also described a

novel and simple method_for investigating antago-

nistic interactions between organisms using filtrate
impregnated filter. paper discs., '
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IMNTRODUCTION

Neisseria meninéitidis is %OCldted with
epidemic outbreaks df-ieptdmeningeal inflammafion
and fulminaping septicaemigrﬁhichicontinue to
constitukte a majof health problem @orldwide
(Greenwood et al., 1979; whittle e_t_a_l_, 1975;
Sippel, 1981; Apice#la, 1986);

Meningococcal meniﬁgitis may.be rapidly
projgressive and approximately halfiof those houbi—
talized with;n thé fi%sff24 hours of the onset'of
the illness, subseqﬁeﬁtlg die (Devoe, 1982).
Therefore meningoco;éél'menéngitisgis regardea as
a medical emergency.. MeningococcCacmia may progress
to septic shock witg intravascular{clotting;
irreversible circulééoryifai]ure aﬁh shock, a
condition known as'WatefBo&é rr1edr1rhsen Jyndromeo
It is usually aasoc1ated wlth a chachtcrlaLlcally
high mortality rate: (Flnkle tnln et al., 1969).

There are several antigenic or toxic components

of M. meningitidis believed-to be important in the

pathogenesis of mcnlngococcal disease, These

include the group specific éapsular polysaccharide,

the lipopolysaccharidé-(pps) endotoxin;cell—wall

complex and a genus specific. protein (Paterson,
1980; bDevoe, 1982; Aﬁicella, 1986) .

A siqgnificant proportion of the meningococcal
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cell wall comprises the macromolecular LPS -
endotoxin complex (Devoe, 1982). These are
released into .the extracellular envirpnment during
the log-pﬁase of growth or upon autolysis and
death of the organism. 1Injection of small doses
of endotoxins derived from a variety of gram-
negative organism into experimeﬁtal animals, have
been shown to elicit dramatic changes in blood,
body temperature, metabolism, humoral and cellular
immunity and resistancé to infection (DevVoe, 1982;
Braude, 1986), 1In most animals,'injection of LPS
in doses ranging from 0.1 pug tollolug will cause

rapid onset of fever neutropaenia and hypotension

Berry, 1975; DeVoe et al, 1979; %faude, 1986) .

Endotoxins derived from strains ©f Neisseria

meningitidis have been used extensively in studies

on mammalian tissue-injury and have been demonstrated

to elicit generalised Schwartzman reaction in rabbits

(Gaskin and Dalldorf, 1976; Duckeﬁ and Simmons, 1978;

Apicella, 1986).

Many of . the physiologic and immunohisto-patho-

logic events subsequent to the injection of endotoxin

into experimental animals, are commonly observed in
I

patients developing septic shock during the course
of meningococcal disease (Bérry, 1980). Chick

embryos have been used for the study of neisserial

1 H
4
<

t
n
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virulence, endotbxie acti&ity andépessive immunity
by séveral investigatore (Buddinéh:and Polk, |
1939; Finklestein,'1967; Qeég et al., 1971;
Odugbemi, 1978 Hafie,'1§86). However, there are

no reports in the llterature Pomparlng the effects
|

of endotoxin from meningococcal‘sﬂréins isclated

I
from clinical cases and those 1scolated from carrilers
- R . i

using a chick embyro model. E'
The present ﬂtﬁdy was carried‘dut with the aim
of comparlng the act1v1t1ee of endétox1n of sero-

groups A B, C, W—135 and also those ‘of clinical and
i .

carrier strains of—men1ngococc1. In addition, this
C T . i '

work also envisaged to investigate |the possibility

L |

"that clinical strains. may be more lethal in their

effects than carrier strains. A cHiqken embryo

model (Hafiz, 1986) was ‘us ed for this study.
1
1
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MATERIALS AND METHODS

Bacterial strains

The following standard bacterial strains were

used for this study. N. meningitidis serogroup A,

ATCC, 1894; N. meningitidis Group .B -

ATCC 20913 Group C, ATCC 1054; and a-strain of
group W-135 which were kindly provided by Prof.
Tolu Odugbemi, Department of Medicalimicrobioldgy,

College of Medicine, University of Lages. A strain

of N. meningitidis group C isclated ffom a clinical
case of meningitis in Lagos Universjty Teaching
Hospital and designated LUTH 405 and a strain of
Group C meningococcus isclated from aﬁ asymptomatic
carrier in Ijede, Lagos and designated MG25, were.

also used.

Experimental animals

The embryonated chicks used in tﬁié study were
obtained from a well-known pcultry farm, Samrose
Agricultural Industries Ltd., Agege, Lagos. The
eggs were maintained in an humidified incubator at
37°C and rotated every 5h until required;at 12 days

of age.

Media : 5
The solid media used during this study were

chocolate agar and Thayer-Martin agar com%rising
]

GC agar base (Oxoid).
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Brain hecart infusion broth (0Oxoid) and Mueller

Hinton broth (Oxoid) were also used.

Preparation of erdotoxin

1
Endotoxin was extracted and pfepared from the

isolates of the different serogroup strains of .

meningitidis using a modification &f the method

previously described by Hafiz (1986) used for the

extraction cof endotoxin from Heisseria gonorrhoeae.

The strains of meningococci were resucitated from
. 0
lyophylised ampoules and cultured onto chocolate

agar. 1Isolates were confirmed by gram-stain (gram-
!
1

negative diplococci), slow reaction with superoxol

reagent (Arko and Odugbemi, 1984) prasence of

Catalase and oxidase activity and their
ability to utilise only glucose and maltose incor-—

porated as 1% in a serum-free agar slope (Flynn

and Waitkins, 1978). They were then,serogrouped
against a complemnent of meningococcal antisera

(CDC, Atlanta, Georgia) by the slide jagyglutination

procedure, - ‘

4

The overnight growth of respective scroyroups
on chocolate agar, were harvested irte sterile
universal bottles ( about 20-25 plates were noeoded

I

to yield about 1g wet weight of organisms). To' this

was added 20ml of 45% aqueous pheanol fbllowing the
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procedure of Maeland (1968). The agueous phenol
suspensions of meningococci were incupated at 37°%C
for 30 minutes and centrifuged at 2,500 =pm for 15
minutes. This resulted in three diséinct layers.
The centrifuged contents were kept aé'doc for 24 - .-
hours after which the free endotoxin;could be
recovered in the aqueous phase (représented by the
uppermost layer). This was done by pipetting the
top layer into sterile universal bogtles (Sterilin,

Middlesex ) using sterile pasteur pipettes.

The Qolatile phenol was further separated from

the aqueous layer by heating in an open containef

in a water-bath at 55°C for 1 hour. Four milligrams
of RNase A (BDH) were then added té the cooled
endotoxin solution which was incubétod further at
37°C for 18 - 24 hours (Perry et al., 1975). The.
crude endotoxin extract which rnsulted vas dialysed
against cold distilled water for ?.déys in a

Visking cellophane dialysis tubing. The product

was lyophylised in a ceonical flasﬁlin a freeze- Ve
drying machine.

Endotoxin was recovered as a powdér, weighed and
diluted with sterile distilled waker to give é

" stock solution of O.1img/ml. Thl§ was kept in

sterile universal bottles at 4% unt11 required,




Preparation of live meningococci

Live suspensions of N, meningitidis were also

1

przpared for inoculation into the chiékrembryo.

The meningococci of the respective SEngrOUpS were
grown separately on choceolate agar (GC agar base)
for 18 hours and suspended in sterile: PR3 maintained_
at pH 7.2, in MacCartney bottles and éiluted to

give a concentration of 106 organismsyml determined
by diluting a suspension made to the ;quivalent of
MacFarland's barium sulphate opacity.£ube No. 1.

The viability of the suspensions was;checked by the

observation of meningococcal growth. - upon subculture

unto chocolate agar,

'
Preparation of heat-killed He meningicidig

A suspension of 106 organisms/m# of meningococci.
of each representative strain in ste#iie P35, was
heated in a water-bath maintained at '60°C for 30
inutes. The sterility of the suspen$iohs was checked
by observing the absence of growth upon subculture
on chocolate agar after 18 - 24h incgoation in

5> = 10% €0, in air, ‘

. | .
Preparation of Formal-saline-treated, }y. meringitidis

The overnight growth of representative Strains
I

of N. meningitidis on chocolate agar was harvested in -
i

4



PB3 pH 7.2 and centrifuged at 600 revolutions per
minute (rpm) for 30 minutes., The supernatant was

1
decanted leaving the depositad cells 'in the

universal bottles used. The deposit;was heated in
10% formal saline (prepared as formaldehYde 10% in
normal saline) overnight. The cellsi'were then
washed three times in PBS at pH 7.2 and centrifuged
at 600 rpm for 30 minutes. The cells were resus;

pended in PBS to give a concentration of 106 cfu/ml
using thz2 MacFarland's barium sulphate opacity‘
tube No. 1 and making the relevant gflutiuns.

The embryonated eggs were examined over a
candler in a dark room and a reétangﬁe of Amm x &mm
was drawn over a prominent chorioallﬁntoic vein
observed under candling. A dental drill was used
to carefully cut the egg-shell over ithe markings
and the shell flap was lifted gently to expose the
intact chor;oallantoic membrane. Tﬁe eggs were
then placed in a humidified incubatar at 37°C for
Zh to allow fixation of the veins béfore.inoculation

and to allcw the embryo to settle,

4

Effect of endotoxin t

A
“

A set of 6 cggs per concentration of endotoxin

ranging from 1 ng/ml, 10 pg/ml, 20 pg/ml and
50 pg/ml was inoculated with 0.1ml1 of each

concentration of endotoxin for each serogroup
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into the choriocallantoic vein of the embryo using
a sterile 27 gauge needle (stenctet). The

inoculated eggs were placed along with the

controls, inoculated with O, MWPBS, in a humidified

incubator at 37OC.

Effect of formalin treated meningocdeci

A set of 6 eggs was inoculated with 0.1ml
S 8 7 6 . ca . s
107, 107, 10" and 10 formalin-killéd meningococci
per serogroup through the choricallartoic vain as
described above. The chick embryo were also

. 9 i
inoculated with 0.1ml of 10 s 108, ﬂ07 and 10

5
heat-treated meningococci per millilitre through
the choricallantoic vein. Tha same’ procedure was
repeated'for live~organisms using the same concer—
tration of organisins.

All the irnoculations were perfcrmed aseptically:
under sterile conditions under an ihéculatjng hood
which had been sterilized by exposu?e to ultra-
violet radiation for some houré. Sﬁe;ility WS
confirmed by absence of growth of organisms on an
eéxposed plate of hlood agar placad in the hood and
later incubated at 37°C for 18 - 24n.

The eqggs were replaced in the humidified

. . o . . ! :
incubation at 37°C after inoculation and examinad

every six hours over a period of 72 hours. Suspected

'
i
r
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deaths were investigated by observing lack of
movement of the embryo under the candler. The

deaths were confirmed by cpening up the eggs.

For each set of eggs inoculated.with endotoxiny
heat-or formal-saline treated meningococci a
control was se up comprising 12 day'01q chick embryo
inoculated with 0,1ml of PBS (pH 7.2) and also
observing over a period of 72 hours élong with the
otﬁer experimental eggs. The 50 peécent lethal
dose (LDgny) of the different inocula was calculated
using the Reed and Muench (1338) meﬁhOd which is based
on the assumption that animals dyiné at a stated
dose would also have been killed by;greater amounts

of agent and conversely that those_sufviving would

also have survived smaller doses(cfuickshank et ai, 1975).

After opening the embryo, parts of the body
(brain, heart, lungs and other tiséues wére chopped
separately and homogenised into PB# (pH 7;2) and
O.1ml was spread onto Thayer Martin medium and checked
for the recovery of meningococci after incubation 4
in 5 - 10% €0, in air for 18 - 245.. Specimens were

also plated onto blood agar plates to cross—-check

if other organisms could be isolated,
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RESULTS
The results show that injectior of O.; ug/ml and 1ug/ml
of endotoxin obtained from all the strains used did not
have any lethal effect on the chick embryo., However, at a
concentration of 10 pg/ml, 6/6(100%) of chiék embryo

inoculated with whole-cell of group A and group C clinical

isolates, 83% inoculated with Group B and C standard strains

and 67% 1noculated with Group C caérier iséiate died within
36h inoculation of the endotoxin via the chorioallan;oié;“
vein (Table 5.1).

Observing the inoculated eggs over time intervals of
6h each showed that all those inoculated Qith 10 pg/ml
endotoxin from the clinical strains died within 12hs, while
those inoculated with endotoxin from other groups died 18 .
hours after inoculation.

Inoculation of 50 pg/ml of endotoxin;from all strains_
resulted in death of all the chick embryolﬁy the end of 56
hours (Table 5.1). Eighty-three percentf(g/G) cf those
inoculated with this concentration of clﬂnical isolate died
within 6 hours of inoculation while other strains took_up

to 12 hours for lethal effects to manifest.

Table 5.2 shows the effect of formalin-killed organisms.

inoculated at concentration of 105, 106 '107 and 108

’

bacterial cell/ml into chick embryo model. A concentration
. 7 . ‘ o
of 10 formalin treated cells/ml of Grouvp A and Group C
clinical isolates caused death of two out of six {34%)

chick embryos inoculated for these organisms. However, at a



higher corcentration of formalin-treated organisms for
these two groups, the lethality dropped te 17% for group
A and 0% for group C clinical isolates, ﬁ& serogroup -
caused greater than 17% lethality at 108 cells per ml
(Table 5.2).

Inoculation of 107 heat killed meniqqococci resulﬁéd
in the death of 82% (Group C stapdatd sktrain gnd Groupnc
LUTH 405 strain) 50% (Croup A and group W-133 and Group
C carrier strain. All the seroyroups cadsed death éf
100% of chick embryo upon inoculation of'108 heat-killed
meningococci except Group W-135 where moftality was Bi%.
(see table 5.3).

In the control groups which were in;culated wilh pBs
there were no deaths within the time per@dd.

Table 5.4 summarises the effect of Inoculating chick
embryo with different concentrations of live meningotocci
from the various serogroups and clinical and carrier strains.
106 live organisms of clinical isolate %aused death of
50% of chick embryo inoculated. At 108:organisms/M1
all serogroup strains caused death in all chick-embryo
inoculated except group W-135 in which é?% of chicks were
killed at this concentration of live meningococci. The
LDS0 for meningococcal endotoxin ranged between 10"3;5and
10"2 negative log-titem for group A and w—iBS meningococci

respectively (Table 5.5). The LD50 for'live-meningococeal
6

inocula is shown in table 5.7, the lowest being 10

erganisms/ml for group C, clinical isolaté.Table 5.6
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shows the LD50 for heat-killed meningocéccal inocula
injected into the chick-embryo; Group C, M625, carrier
isolate had the lowest LD50 of 107 whi%e the highest

was for Group C LUTH 405 clinical isolate (107'39).

.
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Table 5.1 Effect of inoculatirn of 0.9 1ng, 10ug
and50ug/ml of meningococcal endotoxin of
different serogrcups into chick embryo 36
hours after inooulation

Group and strain Number €%) of chick esbryo death
of Meningoccccus after 36h inccuiaticn of endotoxin
of concentration

0.1ug/ml 1pg/ml 10pg/ml 50ug/ml Control

Group A 0/6( 0%) 0/6(0%)  6/6('100%) 6/6( 100%) 0/5( 0%)

Group B 1/6017%)  0/6(0%) 5/6(:83%) 6/6(100%) -0/6(0)
Group C 1/6( 17%) 0/6(0%) S/6(83%) 5/6(83%) 0/6(0)
Group W-135 0/6¢ 0%) 0/6(0%)  3/6(50%) 6/6( 100%) 0/6(0)
Clinical isolate 0/6( 0% 0/6(0%)  6/6(100%) A/6(100%) 0/6(0)

Carrier isolate 1/5( 17%) 0/6( 0%) 4/6(67%) - 6/6( 100%) 0/6(0)
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Tahle 5,2 Effect of Formalin-treated meninaqococcal
inocula chick embryo 36 hours after
inoculation !

- S— —_—

Strains of Number &%) of chick émbryo dead after 36h

N. meningitidis inoculation of formalin killed mon:nqococci
at concentration

10°/m1 10%m: 107/my . 108/m1  Controt

Group A 0/6( 0  0/6(0) 2/6031)  1/6(17)  0/6( O

Group B 0/6(0)  1/6(17  0/6(0) . 1/6(17)  1/6(17)
Group C 1/6017) 0/6(0)  0/6(0)  0/6(0)  2/6¢ 34)
Group W-135 0/6{0)  0/6(0)  0/6(0) ° 0/6(0)  0/6(0)

Clinical isolate 1/6(17) 0/6(0): 2/6(0) . 2/6(34) 0/6(0)
Group € LUTH 405 ‘

Carrier isolate  1/6(17) 0/6(0) 0/6(0) ! 0/6(0) 0/6(0)
Group C M625 '




Table 5.3
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Effect of heat-killed meningococcal inocula

on ‘chick embryo 35 hours after, inoculation

Group/strain of
meningococcus
Strains of

Number (%) of dead chick embryo at

concentration of

3/6( 50%)

N. meninqitidis 10°/m1 10%/m1 107/m1 10%/m1 gii;rol

Group A 0/6(0%)  1/6( 17%0) 3/6!50%)_ 6/6(100 0/6(0)

Group B 0/6(0%)  0/6&( 0% 4/6667%‘ 6/5(400)026(0‘

Group C 0/6(0%)  1/6( 17%) 5/6(83%) 5/6(83%) 1/6( 0)

Group W-135 0/6(0%)  2/6(33%)  3/6(50%) 6/6(100%) 0/6(0)

Group € LUTH 405 0/6(0%) 0/6( 0%) 5/6(5?%) 6/6(100%) 0/6(0)
" Group C M625 0/6( 0%) 0/€( 0%)

6/6(100%) 0/6( 0)

Control = PBS
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Table 5.4 Effect of live meningococcal inocula on chick
embryo 36 hrs post inoculation

!

Group/strain Number (%)} of dead éhick embryo at
of meningococcus concentration of
Strains of -
N. meningitidis — ST
~ 5 5 7 ‘ 51 PBS

10 10 10 . 10 Control
Group A o/6(0) 0/6(0) 4/6(%7) 6/6(100) 0O/6t Q)
Group B 0/6(0)  2/6(34) 4/6(67) 6/6(100) 0/6(0)
Group C 1/6017) 1/6(17) 3/6(50) 6/6(100) 0/6(0)
Group W-135 o/6( 0} 1/6(17) 2/6(34) 4/6(67) 0/6( 0}

Clinical isolate  0/6(0) 3/6(50) 6/6(100) 6/6(100) 0/5(0)

Carrier isolate 0/600)  1/6(17) 4/6(67) 6/6(100) 0/6(0)
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Table %.5 Fifty-percent lethal dose of endotoxin
from respective serogroups of Neisseria
meningitidis |
Group of : LD50
N. meningitidis (Negative loqg)
of LDS50 titre
_3_|5
Group A ATCC 1894 10
n B ATCC 2091 1072+4%
« C ATCC 1054 1072+
c -2
" W—13.J ’10
N
w C, LUTH 405 17073+7
-2.35

o C Mb625 10




136

Table 5.6 Fifty-percent lethal dose (LD50) of
heat killed meningococcal inocula ‘
for different seroqroups of M. meningitidis

Group of LG50
N. meningitidis {organisms/irl)
Group A, ATCC, 1894 BRI
Group B, ATCC 20%1 10724
7.4 .
Grecup C, ATCC 1054 10
Group wW-135 107”J
Group C LUTH 40 10739
Group C M625 '10?'U

¥ 3 ntle Ry
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Table 5.7 Fifty-percent lethal dose LD50
of live meningococcal inocula
for different seroyroups

Group gnd Strain of LD50 .
N. meningitidis organisms/ml
Group A 1894 ~.107-24
wB 2091 10715
] C 1054 107'29
Group W-135 108'6
W C LUTH 405 10° .
107'2;

W C,M625
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Death of 12-day old chick ernbryo six hours after

inoculation with 10ug endotox%n;offL.rneninqitidis

Group C LUTH 4905,
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DISCUSSION

The results of the present study have demonstrated
4 ..
tirat meningouvoccal endotoxins extracted and purified

from Neiuseria weningitidis of serogroups A, B, C and

W-135 are lethal for 12 day old chick embryo subsequent
to choricallantoic vein inoculation of the endotoxinf
This is similar to the finding of'Kaino‘%1982) and the
report of DevVoe (1982) who demonstrated Ehat emhbryonated
chicks are susceptible to meningocaccal;ehdotoxin
subsequernt to yolk cac inoculation. .

Although endotcxin from each serOgromﬁ was lethal
to chick embryo, it is interesting to note from the
recsults of the present study that groupfw—135 appeared
to be less potent (LD50 = 10-2) than thbso of groups
Ay, B anad C, and the effects beiny manifEst only after
24 hours of chorivallantoic inoculation of 10 g of
endotoxin. Group w-135 is not commonlf feported as a
Cause of meningococcal epidemics. Thell?sser Capacity of
this group to cause disease in humans ﬁay be reflected in
the lowear potency of cndotoxin from this seroqgroup compared
to A, 3 and C which have been classically associated with
epidemics (wWhittle et al., 1975; Sippei, 1281; Apicella,

1986). .
b
Ccmparing the lethalality of clinical® and carrier
isolates of group C meningococci for the chick embryo, it

was observed during the course of this work, that the

endotoxin from the clinical isolate caused death of the



embryo within 12 hours of chorio—ailantoic vein inoculation
of 10 pg/ml of the endotoxin whereas with.endotoxin from the
carrier. This result further stremhens the popular
thinking that the endotoxin is the primarg pathogenicity'
factor of the meningococci. The deaths of two chick-
embryo inoculated with formalin killed oréanisms may be
attributed to contamination with formalin:which may not.

have bezen totally removed during wéshingfof the cells and

as thus appears to be incidental. ;

T

It is interesting to note fhat heat-killed organisms
at concentrations of 108 an:—107 orqanisms/ml hard similar
lethal effects to the inoculatior of en&gtoxin. Heating,
has been shown to liberate endotoxin frofn gram-negative
organisms (Apicella, 1986). However the inoculation of

. 108 live meninyococci caused death of tﬁo chick embryo only
after 48 hours of chorioallantoic vein inoculation.
Although the reason for this is not immediately clear
it may not be ,unrelated to the slower réte of endotoxin'
release via blebs in the cell-membranc énd eventual
autolysis of meningococcal cells. This:result seeﬁs to
de-emphauize the invasive capacity of the @eningococcél
organisms and stresses the role of endotoxin in pathogenicity.

. However, recovery of the meningococci ih chick embryo
tissues in similar numbers to the inoculating dose, 6n
s011d media, indicates their ability térestab]ish and

survive within this host.

In summary, the results of this study have demon- .

1 .

strated that meningococcal endotoxin méy play an
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important role in the pathogenicity of both clinical

- - . .: 1
and carrier isclates of N. meningitidis.

It is feasible to speculate thatithe clinical

strain (LBES50 = 1093'5) than carrier strain (LD50 =

162'35) produced a more potent endotoxin thus

suggesting the quantitative and qualieative differences
between the endeotoxins produced by the#e strains from

the same serogroup. If this is so, the implications

for the role of clinical iscolates in dlsease causation
are important, especially if endotoxin}is to be regarded
as a principal pathogenicity factor of;the mentngococcus.
Other reports in the literature also provide evidente
that clinical strains appear to be moré virulent than

carrier strains (Craven, et al., 1980,iApdersen, 1978) .

Holbein (1981) had earlier reported'that clinical

strains of N. meningitidis are more virulent for mice

i
than carrier strains. A useful comparism of the
' |

pathogenic effects of different preparations of
meningococcal organismx and their endotbxins may be

readily drawn from this study. For instance it is

interesting to note that injection of formalin-killed
!
olganisms via choricallantoic vein route in concentra-

tions of up to 108 organisms/ml was unable to cause

death in the 12 day old chick embryo model used.

This is not surprising and is similar to the finding of

Hafiz (1986) who reported that formalin=killed

. ‘|
Nertsseria goncrrhioease could not elicit death of chick
|
embrys. Formalin treatment of gram-nnga%ive orqganisms
i
1

'
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such as meningococci, kills the bacterial cells while

simultancously maintaining the integrity of the cell-wall

and preventing the release of endotoxin. It would be

interesting to detarmine the factors which dictate

whether a strain strain or a clinical

should be a carrier

strain and whether such statuses are intéfchangeable.
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CHAPTER 6

EFFECT OF TREATED AND UNTREATED
MENINGOCOCCAL CELLS AND ENDOTOXINS ON
CILIARY ACTIVITY OF RESPIRATORY MUCOSA

OF RAT TRACHEA




INTRODUCTION

Although Neisseria meningitidis;continues to

be an important cause of disease in both industri-
alised and developing countries (Sipﬁel, 1981;
Binkin and Band, 1982) our knowledge 'of the mecha-
nisms of its pathogenicity is still inéomplete.
Meningococci gain entrance to the human body via
the nasopharynx and after becoming implanted at
.this site, they may set up local infl?mmatory'
reactions such as rhinitis, or they may remaln
completely quiescent without giving ;i?§ t0 any
symptoms {(Devoe, 1982; Apicella, 1986); It is
clear that to establish within the ho%t, the
meningococcus must necessarily circuhﬁent host
defence mechanisms. i
The possession of pili for attacﬁment to
mucosal epthelial cell surfaces and cébsule to
resist phagocytosis, have been postulated as some

of the factors which help meningococci to survive

in the adverse host environment (Craven et al.,

1980; Sippel, 1981). The mucociliary epithelial
linings of the nasopharynx and respiraﬁory tract,
by their rapid movement create steady turrents which
transport mucus and foreign particles émbedded in it

to the pharyngeal mucociliary escalator (wilson and

Miles, 1975). This suggests that the ?iliated
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epithelium acts as a non-specific host defence
or mechanised barrier preventing the  colonisation
and establishment of bacteria within - the host,

It is conceivable that organisms such as N

meningitidis reported as naSOpharyngéa% colonists
{Craven, 198:0; Devoe, 1982) may have means of

overcoming these dJdefences.

Denny (1974) and Johnson and Inzana (1986)

reported that Haemophilus influenzae could elicit

loss of ciliary activity in organ cultures of rat
trachea treated with 1ipo~oligosacchdfide (LOS).

He. influenzae was also demonstrated to cause

sloughing of the epithelial cells of Ehe resplratory
mucosa (Johnson and Inzana (1986); the L0OS of H.

influenzae being the endotoxin. The endotoxin‘ of

the outer membrane of the meningococcus has been
étudied for its toxic properties (bavies and Arnold,
1974), antigenic properties (Zollingériand Mandrill,
1980) and biochemistry (Jennings et al., 1980).
However, the effects of meningococcal éndotoxin on
ciliated respiratory epithelium has ndt been
reported in the literature. |

In order to further our understanding of the
pathogenesis of meningococcal infection the present
work was carried out to investigate the;effects of

neningococcal endotoxin on the ciliary éctivity of

rat respiratory epithelium,
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MATERIALS AND METHODS

Bacterial Strains:

The following bacterial strains previously

described in Chapter 8 were used during the course

]

of this work: N. meningitidis serogroup A, (ATCC

1894}, serogroup B, (ATCC 2091), Seraggoup y (LATCC
1054) and serogroup W-135 which werelkindly providedf
by Prof. Tolu Odugbemi, Department of' Mcedical
Microblologu, College of Medicine, Univefsity of

- Lagos. A strain of group C, N. meningitidis

isolated from a clinical case of meningitis at the

Lagos University Teaching Hospital (LQTH) designated

(LUTH CS 405) and a strain of group C, N. meningitidis
isolated from an asymptomatic carrieriin I jede
designated M625, were also used. Allhthe strains

were resuscitated from freeze-dried aﬁpoules prior

to use.

Experimental Aniinals;:

The experimental animals used for this study
were white .albino rats obtained from the Labora-
tory Animal Centre, College of Medicine, University
of Lagos (CMUL). The rats weighed an average of

20g. They were fed ad-libitum on standard rat chow

and water.,
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Media:

The following media were used for the preSent“
study: Chocolate agar comprising GC agar base
(Oxoid) and Thayer-Martin agar, (see appendix).

1

Preparation of Endotoxin from serogroups of
- !

Neisseria Meningitidis:

-

The preparation of endotoxin was as described
in detail in chapter 5 of this thesis. Overnight
culture of meningococci from reSpecéive serogroups
on chocolate agar were harvested into sterile
universal béttles and 20ml of 45% a?ueous phenol
added (Maeland, 1968). The resultiﬁg aqueous
suspensions were incubated at 37°C for 30 minutes
then centrifuged at 2,500rpm for 15jminutes and
kept at 4°c for 24 hours after whicﬁ the free
endotoxin was recovered in the aquéoﬁ% phase.
Volatile pehnol was separated from t@é agqueous
layer and 4mg of RNase A (BbH) was added. The
crude endotoxin was dialysed againsticold distilled
water for 2 days. The dialysate was, lyophylised
in a high vacuum freeze drying machi;e (model and
manufacturer's address)

The endotoxin was recovered as a powder and
weighed and diluted with PBs, HEPLS and MEMS; pH 7.2
give a stock solution of 0.1 mg/ml.

L

y
i

-::PW - -

to
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Preparation of live suspension of meningococci:

The meningococci of respective sérogroups
‘were grown separately on chocolate agar for 18
hours and suspended in PBS, pH 7.2 in MaCartney
bottles and diluted to give concentrations of
109, 108, 107, 106 cfu/ml using McFafland's

barium sulphate opacity standards,

Preparation of heat-killed N. meningitidis:

The live organisms were prepared as described
above but were heated in a water bath for 30 minutes
at 60°C. The sterility of the suspensions was
checked by absence of growth upon subculture on

i 5
choculate agar, '

Preparation of formal saline treated suspension of

N. meningitidis:

!
The bacterial cells of representative stradins

were harvested in PBS (pH 7.2) in universal bottles
and centrifuged at 600xg for 30 minuées. The
resulting deposit was treated with 10% formal saline
overnight. The cells were washed thriee time in pBS
(pH 7.2) by centrifugation at 600x g after which
they were resuspended in PBS to a concentration of

9 .
107 cfu/ml and diluted down to 106 cfu/ml. The
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suspensions were also checked for sterility absence

* o
of growth on chocolate agar, 18 - 24h at 37 C.

Preparation of ciliated respiratorygepithelium
of rats:

The rats were dissected and the trachea removed
asceptically by the method of Johnson et al. (1983)
and placed in sterile petri-dishes §sterilin)
containing Eagle's minimum essential medium (MEM)
buffered at pH 7.2 with 50MM HEPES:(BDH Cheinicals,
Ltd.) supplemented with 3.75 pg/mnl 'of vancoumycin
prepared with sterile distilled watér. Each trachea
was cut into a series of rings one ¢artilage (about
O.2mm thick,with a sterile blade. They were then
placed in sterile tissue culture tubes containiﬁg
1ml of MEM and incubated at 37°C in 5-10% CO, in

alr. This was a modification of thé me thod

described by Johnson and Inzana (19é6).

Assessment of ciliary activity:

Motility of cilia was ascertaibed by direct
microscopic observation using an inverted microscope
(Zeiss) with dark- background illumination (Cherry
and Taylor-Robinson, 1974. 1f motile, cilié could
be observed beating from the inner ciSCumferehce

of the tracheal lumen, If ciliaryréctivity Was



less than 50% compared to the control, the
environment was considered to be ciliostatic
(+) while if the activity was greatér than 50%
after treatment with the different ﬁaterials it

was regarded as non-ciliostatic (-).

Assessment of the ciliostatic effect of endotoxin:

Purified endotoxin powder was reéonstituted
in MEMS + PBS + HEPES and appropriate antibiotics
to give a stock solution of 100 ug/ml and diluted
to give concentrations of 1, 10, 20,?50 pmg/ml of
endotoxin which were placed in 5ml 'amounts into
sterile petridishes containing the;CRE of the rat

tracheas.
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RESULTS

The effect of endotoxin:

The ciliostatic activities of ihe different
concentration of the endotoxin are ﬁemonstrated
in table 6.1 - 6.3. There was no ciliostatic
effect by any of the serogroups afté: © hours and
12 houré of treatment with 10 pg/mlfof endotoxin.,
Only reference standard strain of group C, ATCC
1054; local clinical strain of group C (LUTH 405)
and a carrier strain of Group C (M625) exposure of
the ciliated epithelium to the endotoxin for 18
hours., However, 10 pg/ml of the endotoxin from all
the meningococcal strains at 24 hougs of exposure:
these observations are aptly demonséraﬁed in table
6.1 |

Table 6.2 shows the ciliostatic éffect of 20
Mg/ml of meningococcal endotoxin exfrgcted from
different serogroups on rat ciliated épithelium.
At this concentration the endotoxin‘ffom all thé
strains of meningococci Caused ciliOstésis af ter
18 hours of exposure of ciliated epithelium. Only
the local clinical strain of Group G (LUTH 405)
induced ciliostasis after 12 hours at.this concen-
tration. Control of pBS plUSIHEPES and MEMS had no

effect on the ciliated epithelium uﬁ to 24 hours.
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At a concentration of 50 pg/ml the endotoxin of
all the meningococcal serogroups tested caused
ciliostasis much more rapidly than at lower
concentrations; ciliostasis was achie&ed in all
but one case by 12 hours. Group w~i35 elicited
ciliostasis after 18 hours being thé only exception
{see table 6.3). Notably, local clinical strain
ot Group C LUTH 405 induced ciliostgtic effect at

i
this concentration at a faster contact time of 6
hours, thus being the only strain to.demonstrate
this effect at an earlier time. Thé lowest
concentration of edotoxin at which ciliostatic
effect could be observed on the ciliated epithelium
by any of the serogroups was 10 pg/%l. There was
no ciliostatic activity observed over a period of

30h after teating with 1 pg.

The effect of whole live cells on ciliary activity:
|

Table 6.4 shows the ciliostatfc effect of
treatment of rat ciliated epithelium with ’109 cfu/ml
of live meningococcil on ciliated réspiratory
epithelium. Notably as was with the effect of the
endotoxin group W-135 had the leas% effect on the
CRE; ciliostasis only occurred at 30 hours contact-
time with the organism. Groups A,:B and C standard
strains elicited ciliostasis afterE18 hours of

exposure. Control suspension made up of PBS, HEPES
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:and MEMS; set up in parallel did not effect the
motility of the cilia for up to 30 hours distinctly
however, clinical strain of Group C (LUTH 405,

caused ciljostasis within & hours, i

The effect of formalin-treated bacterial cells on

ciliary activity:

The ciliostatic effect of 10° cfu/ml of
formalin treated serogroups of menihgococci on
rat-ciliated epithélium is shown in, table 6.5.
up to 24 hours none of the strains had effect on
.the ci}iary mobility of the ciliated respiratory
epithel@uﬁ. However, after 30 houqs exposure to
-tﬁe groups A and B of the standard stfains and
group C M625 carrier strain, thereEWas seigzure of

ciliary activity.

The effect of heat killed bacterial cell on
R

—pet

ciliary activity:

The ciliated epithelial cells of rat trachea
were exposed to 10°% bacterial cells/ml of heat
killed meningococci over the sam2 Qeriods_of time
as before. The effect of the héat;killed meningo-
coccl on the CRE is demonstrated iﬁ table 6.6.
Clinical strain of Group C, (LUTH435) cauéed

ciliostasis after 12 hours while gfoups B and C
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of the standard strains and group C, M625

carrier iéolate caused ciliostasis after 18 hours.
Group A, ATCC 1894 induced ciliostasis only

after 24 hours. The cilia of reSpirétory

epithelium in the control remained motile for up

to 24 hours.
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Table 6.1

Ciliostatic effect of 10 pg/ml{of endotoxin
from different meningococcal serbgroups on Rat

ciliated respiratory epithelium (CRE)

Ciliostatic on CRE effect after

Endotoxin from treatment with endotoxin:

different strains

of N. meningitidis 6h ‘12hI 18h 24h
Group A, ATCC 1894 - - i - ‘ +
Gro?p B, ATCC 2091 - - i‘ - +
, g
‘Group C,.ATCC 1054 - - 2 + +
Group W-135 ‘ - - - +
Group C, LUTH 405 - + 4 +
Group C, M625 _ - - i + +

Control (PBS+HEPES+MEMS) - - - -

Notz=

[17]
.

+ = Ciliostasis
- = No ciliostasis

CRE = Ciliated respiratory eipithelium0
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Table 6.2

~ Ciliostatic effect of 20 ug/ml of endotoxin
from different meningococcél serogroups on Rat

ciliated respiratory epithelium

Ciliostatic effect on CRE afﬁe:

Endotoxin from treatment with edotoxin:

different strains

of N. meningitidis 6h 12h 18h 24h
Group A, ATCZ 1894 - ; + +
Group B, ATCC 2091 - = + +
Group C, ATCC 1054 - - + +
Group W-135 - - + s
Group-c, LUTH 405 - - + +
Group C,AM625 - - + . +
Control (PBS+HEPES+MEMS) - —; + +
+ = C(Ciliostatis |

~ = No cilicstasis
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Table 6,3

Ciliostatic effect of 50 pg/ml of endotoxin

from different meringococcal serogroups on Rat

ciliated respiratory épithelium.

Endotoxin from l . .
; X e an i th e :
different strains after trehtment with endotoxin

Ciliostatic effect on CRE

of N. meningitidis 6h 12h 18h 14h

Group A, ATCC

1894 - + N N
s
Group B, ATCC 2091 - + + +
Group C, ATCC 10%4 - ;E + +
Group w-135 - - + +
Group C, LUTH 405 + v + +
Group C, M625 - + + +
:
Control (PBS+HEPES+MEMS) - - - -
;
+ = (Cilliostasis

No ciliostasis !
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Table G.4 ;

Ciliostatic effect of 108 live bacteria

ml on Rat ciliated Respiratory epithelium

Ciliostatic effect on CRE
after treatment with 108 live
bacteria/ml on ciliated

" Meningococcal : respiratory epithelium:
~ strains 6h 12h  18h - 24 30n

Group A, ATCC - - 4 + +
Group B,.ATCC - - N N N
Group C, AICC - _ - + +
Group wW-=135 - - : | - - +
Group C, LUTH 405 + + i + + +
Group C, M62S - - - " +

Control (PBS+HEPES+MEMS) - - - - -

+ = Liliostasis

-~ = No ciliostatic effect
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Table 6.5 i

Ciliostatic effect of 109 cfu/ml'of formalin
treated serogroups of meningococci on rat

ciliated respiratory epithel%um

Cilicstatic effect on CRE after

Menlngococcal treatment with formal-saline;

strains ;
6h 12h . 18h 24h 30h
Group A, ATCC 1984 - - - - +
Group B, ATCC 2091 - - . - - +
Group C, ATCC 1054 - - 1 - - -

Group W-=-135 - -
Group C, LUTH 405 - - i -
Group C, M625 - - | -

" Control {(PBS+HEPES+MEMS)

i
|
I

+ = ciliostasis

- = No. cilliostasis
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Table 6.6
|

Cilioustaic effect of 108 cfu/ml of

meringococci after heat-treatment on Rat

respiratory epithelium

Meningococcal a?ii§°i§2§i$eiifi§ih°2¢§i? |
6h 12h 1Eh 24hl
Group A, ATCC 1894 - - | - +
Group B, ATCC 2091 - - | + +
Group C, ATCC 1054 - - | + +
- Group W-135 _ - - | - +
Group C, 405 LUTH - + | + ’ +
Group C, MG25 - - + +

Control (PBS+HEPES+MEMS) - -

+
1

Ciliostasis

No ciliostasis
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DISCUSSION

In order to become well established within
the host system, bacteria must be capable of

v

circumventing host defence mechanisms. The

i
present study was carried out to determine the
effect of meningococcal endotoxin and live

organisms on the ciliated respiratory epithelium

of rat trachea.

In this study it was observed that meningo-
coccal endotoxin extracted from sérogrgups A, B,
C and W-135 were all capable of causing ciliostasis
in rat trachea ciliated epithelium within 18 hours
of exposure to a concentration of 20 ug/ml, and
12 hours treatment with 50 pg/ml of -éndotoxino
This is the first report in the litérature of the
ciliostatic effect of meningococcdl endotoxin in the -

Ciliated respiratory epithelium in a rat model. A

comparable finding similar to this observation was
t

noted with Haemophilus influenzae type B lipo-
oligosaccharide which was reported%by Johnson and
Inzana (1%986) and Denny (1974). 1In thgse reports
they found that their organism caused éiliostasis
of the ciliated respiratory epitheliuquf rats,
The ciliated epithelial cellsqu the naso;

pharynx and respiratory tracts acts as a non-specific

host defence or mechanised barrier ipreventing the
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establishment of bacteria within_the host at these

sites., If the ability of N. meningitidis to
interfere Qitﬁ the ciliary motioh of mucosal
epithellal cells in vitro is a reflection of what
happens in vivo, it is conceivablé that this
phenomenon constitutes an import?nt virulence
factor for the meningococcus. Tﬁis is a novel
approach to the pathogenesis of meningococcal
infection which has not yet been explored. However,
caution must be exercised in diréctly'gxtrapolating
these findings with animal tissue to sinilar
circumstances in man. Regarding the capacity of
meningococcal endotoxin to inducé cilicstasis as a
pathogenicity factor is at present speculative
until these effects are produced in an in vivo
experiment. However, it is interesting to note

that wilson et al. (1985) recently reported that

lipo~oligosaccharide from H. influenzae -could
induce sloughing of epithelial cells of the ciliated
nasal epithelium of humans. It ig conceivable

that this may also be the case with meningococcal
endotoxin., It would be rewarding to conduct

similar experiments with endotoxin from N.

meningitidis. Furthermore, it is possible that

endotoxin may cause even more extensive damage to
the epithelial cell and facilitate penetration of

meningococci into host cells.
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The finding that rat trachea cilia is suscep-
tible to the toxic effects of meningococcal endo-

toxin is interesting, moreso since these animals

are generally normally resistant to infection with =

meningococci (Holbein,et al., 19é2),.as would be
demonstrated in chapter 7. The mode of action of
action of endotoxin in causing ciliospasis is not
yet clear. However,
(1) interference with cellular metabolism
(2) recégnition of cell—recepfor sites on
epithelium | |
(3) direct cellular toxicity are feasible
- obstructive mechanisms which may be
explored further,
The ciliostatic potential of endotoxin from

clinical isolate LUTH 405 was significantly

greater than that of the carrier isolate M625 as

observed by the ability of 1O;Jg/ml of the former
to cause ciliostasis within 12 h&ufé compured to
10 pg/ml in 18 hours for the latter. s This is an
important finding which has supp@rt from evidence

other
produced by many/investigators who showed that

]
there is greater virulence in clinical strains

when compared with carrier strains (Devoe 1982;

Apicella, 1986).
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The present work has demonstrated that meningococcal
endotoxin frem different meningococcél gerodroups can
produce ciliostatic effect on rat tréchea ciliated
epithelium in-vitro and indicates the ‘possible role of
endotoxin in maintaining meningococcal at mucosal surfaceé
by interfering with the function of qiliated epithelial

cells. It provides further evidence for a novel role

of endotoxin in the pathogenesis of meningococai)

infection,
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CHAPTER 7

STUDIES OM THE DEVELOPMENT OF
EXPERTMENTAL ANIMALS MODELS FOR

MENINGOCOCCAL MENINGITIS
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INTRODUCTION

y

i : i
Niesseria meningitidis has :the capacity to

"produce fulminating illness and . death within a
matter of a few hours from the onset of infection
(Sippel, 1981; DevVoe, 1982; ﬁpicella,1986) and
outbreaks of meningococcél disease have frequently
posed serious medical and epidemiological prablems
(Binkin and Band, 1983; Goldschneider et al., 1969)..
Nespite the availability of effgctive antimicrobial
therapy, the case fatality rate still remains
alarmingly high and a significaﬁt proportion of
infants and children may develos neurclogic

sequelae (Goldschneider..gglgl 1969, Cheever,'1965).

In spite of the wealth of knowledge available

on the biology of N. meningitidfs ité;pathogenicity

is till poorly understood. This is not unrelated

to the absence of a suitable anihal model in which
simulated disease may be observed. .Man is the only
known natural host of the meningococcus (Cheever,

1965; Bell and Silber, 1981) and' laboratory animals
are known to resist natural infection and only

become susceptible to inoculation of meningococci

when the infective dose is so large that itrapproaches,

the lethal dose of the heat-killed organisms.

Several animal models have been designed for

the study of meningococcal disease, < ach providing

! il
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certain advantages over the other., . Harter and
Petersdorf (1960) have suggeste@ that for an
ideal animal infection model:

1. the portal of entry ang route of
dissemination of the organism must be
similar to those in humans

2. the bacterium must be virulent for humans
as well as the experimental animals

[ .

3. the cause of disease must be relatively
predictable

4. the disease must be rep?oducible within
the limits of biclogical variation

5. the lesions in the expefimental infection
must be morphologically;similar to those
seen in humans |

6. the techniqués should be relatively sim@le

7. the pathophysioclogical éventé must be
similar to those in humans é%pecially if
the animals are to be used for detailed
studies on pathogenic mechanisns.,

One of the éarliest animal mbdels for meningo-
coccal infection was the monkey, reported by Flexner
in 1907 (cited by Devoe, 1982) and the mouse model
by Miller (1933). when meningocodci are suspended
in 2.5% hog gastric mucin a smaller number of

organisms is required to initiate Fatal infection
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than when phosphate buffered saline is used.

Brener, DeVoe and Holbein (1981) demonstrated

that N. meningitidis increased in virulence after

in vitro iron limited growth at low pH and Latendre

and Holbein (1983) showed that iron availability
enhanced experimental meningococ;al infection in
mice. Holbein (1981) found many;of the forms of
iron used to be highly toxic for,mice and reported
that iron in form of dextran waslmore useful,
Embryonated egés are also susceptible to infection
following inoculation of organis@s vié the yolk

sac route, .

However, rone of the animal models mentioned
So far produce disease that bears much resenblance
of the natural disease as it occurs in man and

hence their usefullness is limited,

The present study describes attempts to

develop an animal model for meningococcal meningitis,
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MATERIALS AND METHODS - | .

Experimental animals:

1.

2e

' ‘ 3.

@

4-

‘!u

‘ The following animals were used in an attempt
to develop a suitablé,éhimal'model_for meningococcal

meningitis.

Adult albinb.higg and suckling'albino miée
which weré:bbtained'from the. experimental
animal labérétoby centre of the College
of Mediciﬁé3 Uhivérsity of Lagos. They
were specially bried pathogen free animals
with an averaée Qeight of 20g (édult), and

3.2g (suckling). .

Infant and'adult-rats: These were obtained

from the same place as the- mlce as above.
The rats and mlre were kept in standard
cages and fed.dally on standard rat chow
supplied by‘théranimal laboratory centre
and tap—watér‘ad—ljbitum.

Embryonatéd eggs : L

These were obaalned from SaArose ﬁgrlcultural
Industrles Ltd., a well—known farm in Agege,
Lagos and kept at 37°C in a humldlfled
1ncubator untll ready for use at 12-days of age.
Day-old. CthkS These wereﬁalso obtained
from the Samrose Agricultural Industries

directly...Alternatively, embryonated €g9gs -

were allowed to hatch and develop for about
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for about 24.hours.

Bacterial strains

The following Bacterial organisms were used

for this study: ﬂ} meningitidis, Group A (ATCC 1894),

Group B tATCC 2091),-Group C (ATCC 1054), and Group
W-135. These strains were kindly, provided by Prof.
Tolu QOdughemi, Depafﬁﬁént. of Medical Microbiology,
College of Medicine, Uﬁi#érsity of Lagos. A strain

of Meningococcus GrbngC'iéolatedlfrom a clinica;'>
cgsé of meningitis.ig-Lhébs.University Teaching
hospital (LUTH) andfqééigna£ed LUTH-AUS and a strain_
ofIMeningococcus GréuplC;iSolated;frOm an asymwptomatic

carriar and designated MG25 were also uscd.

Media
I

The media used_invfhié;study were chocolate
agar (GC agar buse,'bxéid), Thuyer;Murtin fLgar,
charcoal agar, Mungg;(HiﬁtQh agar'(Oxoid),
Nutrient broth, Muéllér{ﬂihton broéh and brain
heart infusion broéﬁ.- ” i

The following iﬁécﬁlating media were alsé
prepared for experi@ental aﬁimal ingculation during
the course of this ﬁﬁﬁdy:” |

1. Semi—solid.éhoéblate agar kO.B%) w/v of

normal constituent. i
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#rs -

2. Starch—sél@tidn in PBS with ranges of
5—10%.starch;gBDH chemical Ltd.)

3. Semi-solid.charcocal agér b.3% w/v of
'normai coqstitgent |

4. Dpefined gonococcal supplement (son
appendix) '

'5. Trypan blue solution 0.01% - 0.1%.

Bacterial inoculation

All the bacteriai strains used were resusci-
tated from freeze-dried'ampoule$ and subcul tured
onto chocolate.égaf'ahd‘Thayer—martin agar and

inoculated for:18=24h at 37%. 'Suspensions of live

[ =y

organisms were made in PBS pH 7.2 and pH 6.5

corresponding to Brown's No. 5 ~opacity tubé

v o .
giving a concentration-of 10 organisms/ml. This ‘

was diluted in appropfiate inoculating media, thus gi?ing

concentrations ot ib?; 10? b

8 .Y
y 107, 197, 10 cfu/ml.

thetised with chloroform on cottén wool. Animals

Anaesthesia

The rats,'micelénd'day old éhicks were ahaes-
were carefully shavgg with sharpiscalpel, if
necessary, at re;éyantisiﬁe befofe inoculation. . !
Controls comp;ising_animals inoculated with similar
quantities of inéculétiﬁg media Qithout
meningococci were set #p in parailel. y
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~and viscera of experimental animals were chopped up- and
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Routes of Inoculation

The exper1m°nta1 anlmals were 1noculated with
No. 20 gauage needles through the fo}low1ng routes:

1. Iﬁtraperitaneal_._::. .

2. Intracereﬁrai

3. Intra—aural 

4. Intra&enous'”

5. Intranasal

6. Intraocular

Chick-embryo were inorulated through the yol? sac and

chorloalldnt01c vein. All e: perlmental animzls were .|

|

|
inoculated wlth COnCPntratlon of manlngococrl ranging from

106 to 10 10 organlsmg/ml through the various rouL_:.

Assessment of Infectioﬁ:

The.body organs {liver, kidney, heart and brain ticsue

1
[
1
emulsified in PBS. Specimens were plated onto chocolatn i

agar and Thayer—Martih agar,

Isolates on TM wére gram—stained and those showing

gram-negative dlplOLUCCl were furthrr 1oentrfzed an- c»nfirmed

as N. menlngltldla by thelr ablllty to utilise only glucose

and maltose in serum—free fermantatlon‘mpdium (Flynn and

Waitkins, 1978) and ..a(,rogreupcd using ;]nln nagqglutinakion

technlque against battery of M. meningitidis group specitic

antisera (CoDC, Atlanta}”Gcbf@ia, USA). The organismns
were quantitated using modified Miles and Misera

(1938) semi-quantitative.count method. |

)
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The chick embryo model was inécuiated with 108 live
meningococci/ml. All died within 36 hours of inoculation
via the chorioallantoic vein and the iolk sac routes.
| Meningococci of the vafious serogroups inoculated
were recovered in greater numbers per/ml than in the
inoculum of-108 cfu/ml (see table 7.1) ranging from 1.5-x_108

te 1.4 x 109 meningococci/ml. Colloidal starch solution,

Semi—solid;charcoal, agar defined gonococcal supplement ang
semi-solid chocolate agar which were used aé suspending medig
for meningocdcci, did not increase_the;infectivity of
meningococci by lowering number of meningococci required to
cause death in chick embryo. Trypan blue was toxic for chick-
embryo at 0.01% concentration; all chick embryo inoculated died

within 24h and meningococci could not be recovered from the

animal.

The route of inoculation of meningococci did not have
any effect on the mortality of mice andirats inoculated (tables
7.2 and 7.3). However, 1/10 adult mice inoculated via
intravenous route, 3/10 inoculated by iﬁtraperitonéal route
and 1/10 inoculated by intercerebral route died within 24 hours
upon‘intravenous, intraperitoneal and intracerebral inoculation.
Meningococci could not however, bhe recoJereé from the brain

Oor meninges of any of the inoculated experjmental animals.
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Table 7.1 Average count of meningococci recovered at8
death from chick embryo ‘inoculated with 10
organisms/ml of meningococci through cherio-
allantoic vein and yolk sac

Group of ‘Inoculum size| No. of orasntsms(cFu/ml)
N. meningitidis (cfu/ml) Recovrred aft r inocula-
tion throvagh
Choricallanteic |Yolk sac
A 108 12 x 10° 1.5 x 108
B 10° 2 % 3 x 10" 1.6 % 10°
C 108 Te4 x 109 1.9 x 108
Clinical strain 108 1 x 108 2.7 x 10?
Group C ‘
Carrier strain : 108 2.2 x 10% 2.1 x 10°
Group C ‘
Control (PBS) 0 0 0

y
: .
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7.2 Effect of route of inoculation of Group C

Table 2
(Strain LUTH 405) N. peningitjidis on
mortality of adult mice
Route of meningococcal inoculum (cfu/ml)
inoculation — — - )
‘106 107 10? ‘lO9 1010 Control
(PBS)
—_— } --
IV - - - - 1210 -
1P - - - - 3/10 -
IC - - - - 1/10 -
IN - - - - - -
10 s - - -
IV = intravenous
iP = intraperitoneal
IC = intracersbral
IN = intranasal
1@ = ,Inﬁra—ocular

no death recorded
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Table 3. Effect of route of inoculaticn of Group C
‘ (Strain LUTH 405) N. meningitidis on
mortality of infant rats
I
Route of meningocorscal inoculum (ofu/ml)
inoculation —
’ 7
108 107 10% 192 1510 C?Eggfl
1v - - -, - 3/10 -
IP - - - - 2/10 -
IC - - - - 1/10 -
IN - - - - - -
IA - - - - - -
I0 - - - - - -
i
IV = intravenous
IP = intraperitoneal
IC = intracerebral ‘
IN = intranasal
IA = intra aural
~ = no death recorded
IO = Intra-ocular
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DISCUSSION

.In the present work attempts were made to develop a suit-
able animal model in which meningococecal infection could be
observed and the factors involved in its pathogenesis could
be %ollowed.

Of the aniimals used, the results appear to be most
favbura?le for the chick embryo model.. lnochation of 108
live meningococci/ml was able to cause death of the inoculated
embryo within 36h via both the choricallantoic vein or yolk
sac routes. Furthermore, meningococci could be recovered
from chick embryo tissue in numbers quivalent to or greater .
than the inoculated dose, suggesting tﬁe capacity for meningococci
to survive in this animal. However, tﬁere was no evidence
of meningecal invasion and neither coula the organisms be
isolated from the brain of the chick embryo. This differs
from the finding of Buddingh and Polk (1939) who reported
that virulent meningococci could be regoﬁered from the brain

i

after injection into a 12 day old chick embryo. This
difference may point to the fact that gtréin differences
could be of significance in determining the ézuse of meningoc0ccai
infection. However, even the clinical ;Sélate of group C
meningococcus (Strain LUTH 405), used iﬁ this work coulé
not be isolated from the brain or meninges. Payne and
Finklestein (1978) have reported various levels of virulence
among meningococci, based on their ability fo acquire iron

i
in chick embryo. :
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The various suspending media used for the inoculation
of meningococci were'ehplbyéd with the hope of enhancing
the ihfectivity of'ﬁﬁgloréanisms; fColloidal—s'r_arch
soruﬁion and sémi—sdi{d;éhgrqoal ﬁaﬁe.been reported to
enhance the survival:bf:mé%ingococci in vitro {(Morse,
f * + 1978) . However, thi;“d;d;nét‘appeab to be the case
: | * in-vivg in tne rat and mouse models ‘employed. None of

the suspending me-ia were capable of enhancing infectivityv

or aliowing the meningococci to invade the CNS of these

‘ju : - f animals. The:pH of. inoculating media was also not found

1 WL AT TR B e
- "
Lol

to significantly affect the infectivity of the meningo-
cocci although Masson;ana.ﬁplbein (1985) reported that

S ¢ .
a low tH of 6.6 could in¢rease meningococcal virulence.

g T e T il ety
CIPrR PRI

It is interesting to note'that‘intfanasal instillation

. of up to.‘lo‘10 cfus/ml of meningococci did not result in
o : . . g
infection of the rats;, mice ‘and ddy old chick. It has

been weéll established that the nasal route is the major
portai of entry or ineningocccci into human beings

(Goldschneider ct. al, 1969; DeVoe, 1982: Apicella, 1986 ) .
It is quite possible that the meningococci are unable to

cctonise this site in these experimental animals.
. . ! :

Saukkonen et al. (1988) recently reported an infant

.

rat model for group B'meéningococcall infection by intra-
peritoneal challenge . of 106 cfu/ml. However, the results

of this study could néfﬁéupport their finaing. Intra-
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10

* . peritoneal inoculation of 40" ‘cfu/ml resulted in the

.deatn of only 3/10 infant_rqts;aﬁd f rthermore viable
meningococci could not be cul turnd from th~ CSF brain or

l meninaes of infected rats.  This difference mav. be attributed

.,' ’ §.> . : . ,
“to the difrerent strains .of,rats and/or meningococci usod in
: _ v T - - .

the two studie=. However,'the results:of the present. study

.

are consistent with Slppol ( 1981). who rennrted the resistance

oF rat=s and mice to menlnoococcal infeqtion.

L}

&i _ ' The LDy of 107 Cfu/ml'i§ not appafently us~ful for an

animal model, since such & number is gr=ater than that of

heat-killed organisus required to cause mortality,

'suggesting that death méy.be due o meningococcai endotoxin.

e MR ST sl L AR
TR Y
i Fo ST

More importantly, meningacocéi-could noé Lie isolnted,frOm
the brain and menlnq s of thm JﬂOCUleP” ﬁzpnrjmﬁntai animals;

. The present study sUbeFEs.Ehe neneral obacrvation that
experimental laboratoryJahihalslére not Fendi]y susueptible

to infection with N. mepinaitidis.




8
. DISCUSSTON

181 .
¥

CHAPTER

)
=
|
a
)
)
U
=
°
C

Iy

o m.w T A AT

N, P

i Pt A a WY - hy . WPy T




!

182
CONCULDING DISCUSSION

] (I
[ ]
H

The purpose of the experlments carried out
in this report, was to further lHVCangdte some
of the factors influenc;ng the patnogen1c1ty of

| B
SR

Ne meningitidis and attempt to devélop an animal

model iﬁ which meninQOCOCCal_infecEién could be

simulated as it ocaurs in humans and 'also provide

further information dn thefpathogenésis of the

disease. | SRR T
D :

An%important baseline data for  the investiga-

tion of factors inf}uén&ihg.the patﬁogenicity of

neningococci was obtgided from the étudy of the

‘attachment of mmn1n90L0cc1 to human nasophqryngeal

epithelial cells (NLC).b‘Thls appear§ to be a

logical point from which. to analyse %hé first step

of host—bacteria’iﬁtéféétion; 'Bactcﬁi%l colonisation

of mmucosal surfaces ﬁas alwéys been gugurdud a5 an

importang‘prelude tO”thé infécéious p?acess

(Beachey, 1975; Mcdé;”éf'éi;, 1983.)?7

FEarlier studies on thls aapect had focuaed prlnc1-

pally upon the role of plll and adhc ins on dttdCh—
1

ment and host factors were not adequately accounted

h
]

for quaven t al., "1980; salit and quton, 1981) »

The results obtained from the stu@y.on faétors.

influencing the attachmsnt of meningocdceéi to WEC
. : . i
in this reporf, cleafly'illﬁétrate the Fmportance

i
i
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of host status as it is demonstrated by the

finding that meningococci attach'significantly
better to the NEC of children, infants and
adolescents compared with adults, neoﬁates and

aged donors of NEC. Furthermore, the carrier
status of the host appears to bejequally important
in determining the specificity of attachment, As
mentioned earlier iﬁ chapter 3,:this preferential
attachment may be important in &etermining the
susceptible group which may subsequently develop
meningococcal disease and correlates well with the
finding that meningococcal infectiohs are more
common among children and adoleécents possibly due -
to absence of humoral antibody (Aycock et al., 1950;

Goldschneider et al., 1969; Apicella, 1986).

There appears to be the need amghg workers on
attachment of bacteria to mucosél surfaces to
universally standardise their experimental
procedurgs t§ allow for more critical analysis and
comparison of the capacity for attachment in
different environments and among different bacterial
strains, At the present time, there appear to be
too many different technigues to make any comparison
useful. Thus efforts in this vein may prove more
rewarding for future documentaﬁion;

The nasopharynx serves as the reservoir for the.
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spread of meningdcoééi'éﬁd meningococca1 infection
within a pOpulatioﬁléﬁd“Ehe'organiSm is disseminated
by means of ﬁerosoiéaké;ténstein et al., 1968)
éoupled with the fiﬁdiﬁd'that organisms which are
part of the indigenéuS}%icrdflora of the nasopharynx
of humané, may also..exert .an influence on attach-
mant. The complexity of thé'factOLQ influencing

the attachment of meningococci to WEC comes into

: perspective and the_permuﬁdtions of the probability

LT A ST TR T R s TN Ty e R

of an individual becoming a nasopharyngeal carrier -
E appears difficult to computé. This is even nmore so
when the factors innate to the mehingoaoccus itself

such as piliation, encapsulation or whether the

-~

organism is a carrier isolate or clinial strain
are considered. - The study also revealed that the

ability for attachmenﬁldid‘ﬁbt differ significantly

anmnonyg seroygroups A,'U,QC'énd.w—13§ thus suggesting
that the carriage of particular sérogrouP may depend
more upon the prevaléhée‘dfﬁthe seroygroup in that
area. However,_epidéﬁics of meningococcal meningitis

are often seasonal occurrences (Goldschenider et al.,

1969; whittle

t al., 1975; Binkin and Band 1983)

and it seems possiblé that environmental conditions
may further influence host characteristics by
inducing physiologica;-chauges especially at the

mucous membrane interface and this may also influcence
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colonisation patterns. This is aniarea which
requires further investigation,
The rélationship between menithCOCCal
carrier rage and occurrence of endémic or epidemic
meningococcal disease is still uncertain. Glover
(1920) reported that when the carrier rate exceeded
209 the .community was in danger of an epidemic
usually due to the predominant sefogrotﬁp° He‘
proposed "spacing out" to preventfepidémics in
military establishments and achieved some degree of
success. However, Hassan-King et al. (1979) found
that du:iqg an epidemic in Zaria, northern Nigeria,
the carriage rate was only 3.8%. ' Thus the relevance
of carriage data to the occurrence of meningococcal
i
epidemic disease is still enigmatico
In the present study an epidemiological
investigation of carriership among school children
in Lagos, Nigeria was carried~ouﬁ. The carriage
rate was found to be 6.2%, and serogfoups A and C,
were the most commonly isolated serogroups, while
groups X, Y and 2 were not isolated,. :?urthermore,
male carriership was found to be‘significantly
higher than in females. These results are interesting,
Firstly; groups A and C meningococci. have been
reported as the cause of epidemigs in the northérn

part of Nigeria over the past few decades (Greeﬁwood




and wWali, 1980; whittle et al., 1978) and further-
more, group B meningococci have characteristically
beeh the predominanE groups in regions which are
outside the zones where epidemics have been
experienced in Africa (N joku-0Obi and Agbo 1976),

The present result has provided evidence to

Support the changing patterns of sSerogroups over a
* .

period of time in some regions (Sippel, 1981;

Sandborn and Toure, 1984). The reason for changing

serogroup patterns are still obscure however,

This work also describes the first report in the
literature of the toxic effects of ineningococcal
endotoxins on ciliated respirator&'epithelium using
trachea from adult rats. Meningbcoccgl endotoxin
caused cillostasis of cilia. Denny (1974) and

Johnson and Inzana (1986) have reported a similar

phencmenon for Haemophilus influenzae. Interference

of mucociliary apparatus of the epithelial cells of
the respiratory tract seems to bé aﬁ intriguing
concept which may well be an important aspect in the
Steps involved in the pathogenesis of mEnihgococcal
infection and the progression of-meningococcal
disease. It is worthy of note and further investi-
D
gations on this line of thinking;using human tissue
may prove to be rewarding. The nasopharyngeal
erithelium is, afterall, the firstfport of call at

which this organism impinges after dissemination and

!

H

‘i-
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inhalation of aerosols. It is also interesting:’

to note tihat the endotoxin from the clinical

strain of N, meningitidis was significantiy more
effective in eliciting Ciiiostatic efZect than
that from the carrier isolate, thus further
supporting the several reports in the literature
that clinical strains are more virulent than

carrier strains (DevVoe, 1982; Apicella, 1986).

It was demonstrated in this.work that
meningococcal endotoxin is lethal for 12 -day old
chick embryo via choriollantoic bein inoculation,
Injection of small Jdoses of endotoxin into experi-
mental'animals Causes dramatic dhanges in blood-
pressure, breathing capacity, body temperature
circulating enythrocytes, metabolish and humoral
and cellular immunity and resistance to infection
(Devoe, 1982). Sets of chick émbnyo incculated

with formal-saline treated cells of N, meningitidis

to prevent release of endotoxic components survived
as long as the controls inocﬁlated Qith PB5 thus .
providing fufther avidence that-endotoxin was
responsible for lethality. As %ith thé effect of
endotoxin onfciliated respiratory epitheliqm it was
also observed that the clinical strains endotoxin
was more potent than the carrier strain of the'same
serogroup. One of the most important questions which

s5till remains unanswered concerning the pathogenicity
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‘ of N. meningitidis why different strains possess

varying degrees of virulence.

One cf the major problems encountered in

studying the pathogenicity of M. meninqitiﬂis in
the absence of a suitable animal hodél with which
to study:. the progression of the disease.r Most
altimals used in the laboratory aré resistant tgo

infection with meningorocci.

During the course of these studies it was
observed that the chick-embryo me thodd Aappeared to
be the most suitable to investigate meningococcal
direase. A lower number of infective meninaocrcoci
vere needed when compared to rat and suckling nouse
modeis; However, it appears the isearch for o
sultable animal model will entall the use of some

factors which will make such an animal susceptible

to infection.,

Many aspects regarding the interaction of the
meningococcus with its host still remain unaswered.
Specific adherence of meningococci to host tissues,
properties of invasiveness, paraériné and endocrine
hormone interactionswith host infresponse to endotoxin
and pathogenesis of meningitis are areas requiring

intense research in the near futidre,

The physiology of the meningococcus must be

explored in further detail to determine pathogen
J .

i

A
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related propertieso'Indeed,according to bevoe
(1982) it is feasible that the thoplasmic membrane,
cell wall and surface componentsfwill prove to be
rewarding areas in which most phgsiology‘related to
pathogenic . mechanisms will,be'found. In a general
analysis it appears that the pathogenicity of the
meningococcus depends on its behaviour in the host
and no doubt other factors included in the external
ecology of the organism,

We are still ignorant of the factors responsible

for dictating the regular appearance of major

epidemics of meningococcal disease within the African

i
i

meningitis belt,
The result of experiments réported heres havo‘
no doubt shed some light on the factors influencing
the attachment of meningococci to epithelial cells,
interactions between nasopharyngeal microflora and
meningococci, ciliostatic mechanisms of meningococcal
endotoxins on mucociliary epitheiium and also its
lethality for chick embrydo Thig work has also
contributed, in some measure to cur knoWiedge of

the factors influencing the rathogenicity of No

meningitidis which at present is still 4 very vast

and complex subject.
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APPENDIX

MEDIA AND REAGENTS USED

Blood Ayar Base No. 2 ?

Code CM271

Formula
Proteose Peptone grahs per litre 15.0
Liver Digest _ é 2.5
Yeast Fxtract 5.0.
Sodium chloride | 5.0
Agar | 12.0

PH 7.4 + 0.2
Direction “
Suspend 40g in 1 litre of distilled water, bring to the boil
to dissolve completely, Mix and sterilize by autoclaving

at 121°C for 15 minutes. Cool to 45 - 50°C and add 7%
blood.

Brain Heart Infusion-

Code CM225

Formula
Calf brain infusion solids grams per litre 12;5
Beef heart infuéion solids i © 5.0
Proteose Peptone 10,0
Dextrose 2.0
Sodium chloride 5.0
Disodium phosphate i 2.5

pH 7.4 + 0.2
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Directions
Add 379 to 1 litre of distilled water. Mix well and

distribute into final co tainers. Sterilize by autoclaving

at 121°C for 15 minutes.

Brain Heart Infusion Aqar !

Code CM375
Formula
Calf brain infusion solids - grams per litre 12.5
Beef heart infusion solids | 5.0
Préteose FPeptone : 10.0 .
Sodium chloride _ g ‘ 5.0
%ﬁLQ- Pextrose | ' 2.0
§§? ' Disodium phosphate 2.5
g‘ﬁ- Agar No. 1 E 10.0

PH 7.4 + 0.2

Directions :
! .
Suspend 47 grams in 1 litre of distilled water. Boil to
dissolve the medium completely. Distribute into tubes

or flasks and sterilize by autoclaving at 121°%C for

15 minutes.
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Charcoal Agar

Code €M 119

Formula
'Lab-Lemco' Powder | ' éramsper litré 10.0
Peptone ' | - 10.0
Starch o 10.0
Charcoal-Bacteriological P 4.0
Sodium chloride j 5.0
Nicotinic acid _ ! 0.001

Agar . 12.0
pH 7.4 + 0,2
Directions
Suspend 51g in 1 litre of distilled water. Rring to the boil
|

to dissolve completely. Sterilise by autoclaving at 121%2

for 15 minutes.

Chocolate Agar (Heated blood agar) using GC agar base

Formula
Special Peptone :grams per litre 15.0.
Corn starch ' .1;0
Sodium chloride N 5.0
Dipotassium hydrogen phosphate ; : 4.0
Potassium dihydrogen phosphate 1.0
Agar No. 1 : 10.0

PH 7.2 + 0.2
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Directions

Scak for 15 minutes, mix and autoclave at 121°C for 15

minutes. Allow to cool to 75°C in a water bath, add 5

percent sterile human blood.

Allow to remain at 75°C and mix gently from time to time

until the blood turns Chocolate brown colour. Plates are

then pou}ed.

MacConkey Agar

Code CM7

Formula
Peptone . grams per litre 20,0
Lactose : 16.0-
Bile Salts | 5.0
Sodium chloride 5;0
Neutral red 0.075
Agar 12.0

BH 7.4 + 0.2 | |

Directions

Suspend 529 in 1 litre of distilled water.

Bring to the

boil to dissolve completely. Sterhlize by autoclaving at

121°C for 15 minutes. Dry the surface of the gel before

inoculation.
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Mannitol Salt Agar

Code CM85

Formgla
'Lab-Lemco' Powder i grams per litre 1.0
Peptone ! ‘ 10.Q
Manni tol | 10.0
Sodium chloride | 75.0
Phenol red . - 0.025
Agar ; | 15.0

pH 7.5 + 0.2
Directions
Suspend 111g in 1 litre of distilled water.and bring to the

boil to dissolve completely. SteriiiZe by autoclaving at

-i21q: for 15 minuées.

Mueller Hinton Broth

Code CM405

Formula
Beef, infusion from | grams per litre 300.0.
Casein hydrolsate i ' 17.5 -
Starch - 1.5

P 7.4 + 0,2 '
Directions

Dissolve 25 grams in 1 litre of distilled water. -Sterilize

by autoclaving at 121°C for 15 minutes.
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Mueller Hinton Agar

Code CM337
Formula
Meat infusion grams per litre 6.0
Casein Hydrolysate ' - 17.5
Starch - é 115
|

Agar No, 1 g 10.0
PH 7.4 + 0.2

Directions
Suspend 35 grams in 1 litre of distilled water. Bring to the
boil to dissolve the medium completely. Sterilize autoclaving

?5~1219C for 15 minutes.

Nutrient Broth

Code Powder CM1

Formula
'Lab-Lemco' Powder grams per litre 1
Yeast Extract ' 2
Peptone ; | _ 5
Scdium chloride _ 5

PH 7.4 + 0.2 i
|
Directions P

Add 13g to 1 litre of distil.ed water. Mix well and
distribute into final containers. Sterilize by autoclaving

at 121OC for 15 minutes.
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Nutrient Agar

Code Powder CM3
Formula |
‘Lab-Lemco' Powder
Yeast Extract
Peptone
Sodium chloride
Agar
PH 7.4 + 0.2
Directions
Powder : Suspend 28g in 1 litre of di
to the boil to dissolve complete}y.

claving at 121°%¢ for 15 minutes.

Thayer Martin Medium '
GC Agar base (Oxoid) - 18 grams
Distilled Water - 485 mil.

Soak for 15 minutes, mix and au

grams per litre 1

15

stilled water. Bring

Sterilize by auto-

H

toclave at 1210C for

15 minutes. Allow to cool to 75°C in a water bath,

add 5 percent sterile human blood.

Allow toremain at 75°C and mix gently from time to

time until the blood turns a Chocolate brown colour.

Cool to 56°C, mixing at intervals. Add 15 ml of

sterile distilled water to VONT

Antibiotic Supplement

in vials. Shake vigorously till it dissolves, add to

Chocolate agar. Pour plates.




Formula (per vial)

Yeast Autolysate | - 5.0 gram
Dextrose | - 6.75 gram
Sodium bicarbonate ' E - 0.075 gram
Colistin methane sulphate : - 3.75 grams
Nystatin ' - 6,250 units
Trimetoprim - 2.5 mqg

Fermentation Media (Flynn and Waiékins, 1972)

Serum Agar Sugars

Glucose, maltose, lactose and sucrose were used and
these were obtained from BDH Chemicals Ltd, England.

Serum Free Fermentation Medium !

Oxoid GC Agar base - containing
Special peptone i - :15 grams
Corn starch ? - .H.O grams
Sodium chloride .- | 4.0 grams
Di-potassium hydrogen phosphéte - 4.0 grams
Potassium di-hydrogen phosph?te - 1.0 grams
Agar - 10.0 arams
. pPH 7.2 + 0.2

Gonogcoccal Supplement

Prepared by additing 90 m! of A to 10 ml of B.

_ !
(A) Glutamine Solution:

L-glutamine (Koch-light Lab. Ltd) - 1.0 gram

Distilled Water ' - 90 ml

Mix ana dissolve.




(B) Ferric Nitrate Solution

Ferric Nitrate (Analar) - 0.05 gram
Distilled water - 10 ml
Mix and dissolve.
Phenol Red - 0.2% stock solutioﬁ.-
Sugars - 10% solutions of eif er glucose, maltosé
sucrose and lactosF sterilized by Seitz
filter.

Preparation_of Fermentation Medium:

GC Medium Base (Oxoid) - 36 grams
Distilled water - 970 ml
Mix by heating and when clenf sdded
-Supplement - 20 ml
Phenol Red solution (0.2%) - 10 ml
After further mixing, .the pHiof the medium was
adjusted to 7.6 with N. NoaH. ThlS was then distributed
in 90 ml volumes into 100 ml screw;cap ed bottles, which
‘Wwere then autoclaved at 121°C for 10 minutes. After cooling
to 50°C, 10 ml of the approprlatelsugar was added
asepti ally to give a final concentration of 1%. Three

mililitre amounts were dispersed into sterile bi joux

bottles and sloped. The sugars wefe identified by colour

code on the caps. o
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Phosphate Buffered Saline:

Using Dulbecco 'A! Tablets

Formula:
Sodium chloride - 8.0 qg/L
Potassium chloride - 0.2 g/L
Disodium hydrogen phosphate - 1.15 g/L
Potassium.diﬁydrogen phosphatq - 0.2 g/L.
pH 7.3 | | i

One tablet was dissolved in 100ml of dfstilled water and
autoclaved for 10 minutes at 115°C before dispensing

into sterile bijoux bottles.




