(i)

Carriage rate of Neisseria neningitidis and

sone observations on the persistence of immnity in

school children in parts of northern N geri a.

BY

Enabul el e haiw | dahosa (Ms.)

A project report submtted to the school of
post graduat e studies, Ahnadu Bello University Zaria,
Nigeria, in partial fulfillnent of the requirenents

for the degree of Master of Science in M crobiology.



(ii)

DECLARATION

Cerriage rate of Neisseria meningitidis fﬂd

some observations on the persistence of immuni

school children in perts of northern ligeria.

BY

Enabulele, Onaiwu Idahosa (Mrs.)

I declare that this survey was conducted

by the author under the close supervision of

Professor S. 0. Emejueiwe of the Department of

Microbiology, Ahmadu Bello University, Zaria,

(N A

Onaiwu 1. Enabulele

ty in

solely



(iii)

DEDICATION

This thesis is dedicated
solely to the memory of

my late Parents, Mr. & Mrs.

E. Idahosa Idehen, for gearing
my interests in early life

towards academic pursuits,



iV

THESIS APPROVAL

This thesis meets the regulations governing ‘the

degree of Master of Science of Ahmadu Bello University

‘and is approved for ife contribution to scientific

knowledge and literary presentation,

Interal Exsminer

S. 0. Emejuaiwe
Professor and Head of
Department of Mjcrobiology,

A,B.U,, Zaria,

BExternal BExaminer

A, N, B Njoku-0bi
Profgagor of Microbiology



(v)

ACKNOWLEDGEMENT

I wish to thank the governing counciland

of the University of Benin, Benin City and th

Senate

¢ Federal

Government of Nigeria, for giving me this gocldlen

opportunity to further my interests in academ]

I am grateful to the Department of Micro
Ahmadu Bello University, Zaria, Nigeria, for
me with the facilities and materials necessar
this work.

I am highly indebted to my project super
adviser, Professcor 5.0. Emejuaiwe for his abl
supervision and helpful criticisms. I apprec
deep concern for my general well=being and ha
throughout my course.

I am grateful to my Head of Department a
Professor Ekundayo for his patience and under
My husband, Richard, and children, Meg, Ogho
Osazee and Itohen, for their patience, under
moral and financial support.

A debt of gratitude is also owed to the
individuals: Messrs. N. Eghafona-Legemah and
J. Emesiani of the Department of Microbiology

Bellc University, Zaria, for their endless wo

encouragemnent and reassurance in trying perig

1

¢ pursuitcs,
piology
providing

7 for

yisor and

il

iate his

bpiness

t Benin,
standing.
en,

anding,

following

, Ahmadu

rds of
ds.




(vi)

Messrs, G, Braimoh and G. Anyiam of the D

Microbiology, Ahmadu Bello University, Za

their technical assistance,

Mr, S, Ogbomwan for helping with the S5tat

Analysis,

My friends, Helen Obasuyi, Doris Dab
colleagues, for their co-operation and mg

that created a conducive atmosphere for W

Miss JdJulie Nwogwu of St, Margaret's
Maternity, Benin City and Mr. S. N. Eghar

ppartment of
hia, for

istical

br and my
ments of fun
ork.,
Hospital,

evba of the

Faculty of Medicine, University of Beniny Benin City,

who typed and retyped the manuscript. Di

of the Department of Microbiology, Univei
Benin City, who read through the entire 1

gave useful suggestions.

lanuscript

b, M, Ikerebomeh
'sity of Benin,

anad

Above nll, I am highly indebted to 411 the

original investigators, who s0 generousl}

use of the results of their efforts.

f allowed the

“Onaiwu [. Enabulel

SEPTEMBER 1983,

B

(Mrs.,)




(vii)
ABSTRACT

Asynptonatic carriage of Neisseria neningitidis was

studied in a total of 502 healthy school childrer in Zia
214 in Shika and 332 in parts of Kano State, all in Ngeria
bet ween the nonths of August and Decenber, 1982.

The prevalence of N neningitidis averaged 214.68%in Zia

12. 60%in Shika and 7.88%in Kano. The preval ence of

N. neningitidis averaged 17. 67%in children aged 5- 7 years

and increased to 36.67%in children aged 14 - 16 years old
anong those investigated in Zaria. |In Shika, it averaged
6.91%in children aged 5- 7 years and increased to 16.67% in
those aged 14 - 16 years while in Kano, it average 4. 33%

in the fornmer set of children and increased to 14.28%in
latter. There was no sex influence on the rate of

nmeni ngococcal carriage in the groups studied.

Anal ysis of the duration of immunity in school children
vacci nated agai nst groups A neni ngococci was carried out
three years after the children had received a bival ent
(A + O neningococcal pol ysaccharide vaccine. Sera were
obtai ned from 69 of such immunized children in parts of Kano
State. Additional 53 sera specimens were collected from
non-vacci nated school children fromthe same area and used
as controls.

The duration of immunity to group A nmeni ngococci was
determned by measuring meni ngococcal antibody |evels in
serum sanpl es usi ng the conpl enent - dependent bact eri ci dal

anti body assay technique. It was observed that three
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years after vaccination, the group A neni ngococcal
anti body | evel was much higher in the inmmunized children
than in the control group of simlar age range.
Furthernore, it was observed that the rate of
nmeni ngococcal carriage was much lower in the imunized
children than in the non-immuni zed group. Meni ngococcal
carriage anongst the groups investigated, showed that
only group C neni ngococci was present in very |ow nunber
anongst the vacci nated school children (5 carriers anong
69 children), and group A neningococci was conpl etely
absent in these children. 1In general, carriers for
nmeni ngococci groups A, D and X were absert in Kano and
Shi ka whereas these groups were promnently present
in Zaria. In addition, carriage rate for group C
was identically low in Kano and Shika and significantly
hi gher in Zari a.
The persistence of elevated |evel of bactericidal
anti bodies in both imunized and non-i muni zed

children was found to be markedly age dependent.
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INTRODUCTION

Neisseria pmeningitidis continues to be an j

Important

aetiological agent of bacteremia and meningitis in

humans.

Since about 1880, the northern sajannah region

of tropical Africa has been regularly affeqted by

epidemics of meningococcal disease (Greenwqod et al, 1979).

Epidemics have been recorded in Nigeria as

1948 ~ 50 (Horn, 1951) end more recently i

(Greenwood et al, 1979). Besides,

sporadif

far back as

L 1977

E cases have

also been recorded in both Northern and Soythern Nigeris,

for instance, between January 1976 and Mar

Neisseria meningitidis accounted for 7.7%

meningitis in Ibadan, Nigeria (Montefiore

Beningitidis Serogroups &, B, and C (Mark

have been reported to be responsible for m
aut-breaks and children below 5 years old
adults (Marks et gl, 1979) are known to De
risk of contracting the disease, though rsg
developing countries do not fully confirm

observation (Galazka, 1982).

Neisseria meningitidis can be carried

nasopharynx of apparently healthy individy
carriers could serve as e reserveir of pof
infectious organisms (Bhatti et al 1982).
Sippel and Girgis (1978) showed that menif
disease patients are also important in it
particularly when these patients ere also

carriers,

et
Ay

ch 1977,

bf pyogenic

al. 1978}, 1
E et al 1979)
pst of the

End young
mostly at
ports Ifrom

Lhis

in the
als and such
entially

Studies of

Lgococcal

b transmission

nasopharygesl
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There is the belief by some authors that car
in the population increases markedly just be

owtbreak {Leedom et al 1967, Foster gt al,

this belief cannot yet be fully sustained thr

available data. The factors responsible for
initiation of major epidemics is still unkno
Carrier state with meningococci, groupable o
groupable give rise to bactericidal antibodi
(Frasch and Chapman, 1973).

However, carriage rate has been littile
especially in the African Meningitis belt.
studies of the carriage rate in the general
during an epidemic has been undertaken (Ridi
Corkhill, 1932; Hassan-King et al, 1979).
Njoku-Obi and Agbo (1974},also studied the ¢
rate of N, Beningitidis in adults and childr
parts of Eastern Nigeria.

This work aims at finding out the carri

of Neigseria m:ningitidis in school age chil

parts of Northern Nigeria and the distributi
prevalent sercgroups. Such studies are nece
they expose those at risk to whom preventive
could be applied. Begides, such prevalence
aid in selection of appropriaste strains of v

for use in the areas under study.

fiage rate
fore an
971), but

rough

1

non-

S

tudied,

I

poputation

few
g and

brriage

Fn in

hee rate
iren in

i of the
Esary since
measures
studies

pccines
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The effectiveness of group A 2nd group C menﬂngococcel
polysaccharide vaccines in controlling outbreaks df

meningococcal disease has been clearly demonstratdd in many

parts of the world. However, there are still somd uncertain-
ties about how these vaccines can be used most effectively
(Anon, 1978). It is essenticl to know the durati¢n of
protective immunity after vaccination before a rafional
vaccination programme can be devised. Clinical pfotection
against group A meningococcal diseace has been obgerved to
last for two to three years after vaccination (Wahdan et a2l
t

1973; Peltola, 1978), however, in a second trial [Vahdan

et al,
(1977) observed that protection lasted for only ofie year.
Continued trials are necessary to provide furtherjinformation
on the duration of clinical protection conferred pn individuals

by veccination. Studies of Goldschneider gt al ([1969)

indicated a strong correlation between meningococgal antibody

levels and protection against infection. Lepow gt al (1977)
estimated the protective level of meningococcal ;Etiuody

to be about 2 pg/ml which is the mean antibody lewel in adult
populations. Goldschneider et al (19€9) estimated the mean
meningococcal bactericidal antibody titre in adulfts to be
about 1: 16, Thus indirect evidence for the durgtion of
clinical protection conferred on individuals by jaccination

can be obtained by serial measurements of the baqtericidal

antibody titres at verying periods after vaccination.
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The antibody response of children in the

parts of the world to groups A and C meningoc

developed

bccal vaccinos

have been well documented (Levow et al 1977; Kaythy et al

1980) but there have been comparatively few r
the antibody response and duration in childre
the African meningitis belt (Greenwood et al,
Besides, the antibody response and duration h
shown to be dependent on the prevaccination a
level; the initial rise in titre of meningoco
after vaccination (Kaythy gt azl, 1980), hemog
genotype, level of malnutrition and attack of
(Greenwood gt al, 1980(a). More information
- necessary on the nature of the response to im

and the probable duration of the antily
to lmmunisation within the African meningitig
Since the highest incidence of meningococcal
not among adults but among children, aged %
(Mohammed, 1983), vaccine evaluation within {
Such information is

group is very necessary.

as a part of this report. We measured the bs

titre of meningococcal antibodies in school 3
children immunised three years before the ini
these studies with serogroups A and C meningg

polysaccharide vaccines.

PpOrts on

h within

1980 (b).
ave been
htibody

ccal antibody
lobin

malaria

is therefore
munisation
ody responge
belt,
lisease is

15 yvears old
his =zge
presented
ctericidel
ge Nigerian
tiation of

coccal




LITERATURE SURVEY

The ORGANISM:

Colonisl Morphology:

On enriched media, after 24 - L8 hour
meningococci form convex glistening,
creamy, mucoid colonies 1 - 5 mm in d
The colonies are trasparent, non-pigm
yellowish and non-hemolytic. Typical
are diplococci with their adjacent si
flattened or convex (Leannette et al,
Structure:
The neisseriae possess a typical gran

cell envelope in thin sections (Golds

F
blevated,
fameter.,
nted or
orgenisms
des either

1974) .

-negative

chneder, ¢t -1

1969; Devoe et 21, 1973). The envel¢gpe consists

of two trilaminer membrane-like layer
pPlasma membrane and the outer endotex
containing membrane (Anderseen et al}
separated by a periplasmic space and
electron~-dense peptidoglycan layer.
membrane of gram-negative cells have
extensively studied., Generally, th
a mosaic of Lipoprotein, lipopolysjz
protein. The hydrophobic portions df

lipoprotein and ] ipopolysaccharide #o

s = the inner
in -

1979),

an

The outer
been

consist of
charide, and
the

rm a basic

layer and the protein molecules lie |mainly on the

outside.




Proteins found on the surface of the outer
responsible for serotype specificity and an
serotype Antigens (Frasch end Gotschlich, °

lieany carrier isolates and nearly all ¢
of meningococci have chemically and immunol]
distinct cepsules composed of linear polymsg
end dissaccharides (Gotschlich et al, 1969)
These capsular polysaccharides provide a sd
classifying meningococcal streins into serq
Their nature has been extensively studies j
Group A polysaccharide has been shown to bg
a phosphorylated hexosanine (Gotschlich et

which has now been cheracterised as D-manng

4

n some grou;

embrane are

e termed
B7L) .

ases iscla’.es
ogically

rs of mono

heme for

Eroups.

~
Sa

a polymer of

al, 1969)

ysamine.

It is a pure polymer of mennosamine phosph

partially N - and 0

te which

aecetylated (Liu gt 31

1971).

Groups 8 end C polysaccherides are homopolymers of sizlic

acid, the latter being partially P .acetylated

(Liu et al, 1971) and exhibiting protectiv¢ properti-s in
man (Gotschlich et al, 1969; Bundle et al,|1974).

These polysaccharides are free of muceppeptide i.:

they are not covalently linked to the muco

meningococcus and their exact location is

-
=

(Liu et al, 1971). Not much is known abou

-

=

composition of the capsuler polysaccharide

SETOgroups.

peptide of

Etill unknoe

im
the
of the

nl.)r
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The presence of pili has also been rep
strains of the meningococcus (Jephcott et 4

although these pill could be lost during sg

subculture (Devoe and Gilchrist, 1973).

C. Antigenic Classification:

orted on &»
1,1971)
risl

In 1954, the Neisseriaceae subcommittge of the

Nomenclature committee of the International

| Association

of Microbiological Societies now the Inter*aticnal

Union of Microbiological Socie

Lies,

recommended that meningococci should be cl?ssified into

serogrouns A,B,C, and D based on their pol
antigens. Three new groups X, Y and Z wer
by Slaterus in 1961, which were not agglut]
antisera to the former set of meningococci
Fvans et al, (1968) described three additi

By and 2

serogroups - EBEQ, 29E and %135 but
corresponded to Slaterus groups Y and Z,
meningococcal strains can be separated int
nine serogroups - namely, A,B,C,D,X,Y,Z, 3
(Gold and Wyle, 1970), based on antigenic
their capsular polysaccharides (Graven et

Meningococcal strains cen be further

ysaccharide

e discovered

inated by

onal

L

Today,

o at least
9F and W135
specificity of
al, 1978).

sub-dividecd

into distinct serotypes (Frasch end Chapmgn, 1972;

Frasch and Chapman, 1973). This subdivis]
on the immunological specificity of certa

outer membrane proteins known as serotype

fon is based
in distinct

antigens.
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Studies of Frasch and Chapmen in 1972 and 14

)73

respectively indicate that serotype antigenj are most

likely high molecular weight ccomplexes cont
which could be extracted by mild acid or sal
That of group B proved to be a very high mo]
weight lipopreotein - lipopolysaccharide com1
(Frasch & Gotschlich, 1974).

The fact that antibodies to serotype aj

ining protein,
line at 100°C.
lecular

hlex

itigens are

able to initiate a complement-mediated bactgricidal

effect strongly suggest that it is located ¢n the surface of

of the meningococci, most likely associated

outer membrane of the cell envelope. Proof

with the
of this was

evident from the fact that the outer membrahe and

serotype antigens had almost identical sodipm dodecyl

sulphate - polyacrylamide gel electrophoresfis patterns

(Frasch and Chapman, 1974). Today, it is khown that the

dominant major outer membrane protein of mogt

meningococcal strains determine their serotypilc

classification. Group B meningececcci for ipstance are

divided into over 15 protein serotypes (Fra

ch, 1977).

About 6-7 serotypes have also been identififd within

group C (Gold end Wyle, 1970). Group A se
have been indistinguishable from one anoth
and Quann, 1977). However, differences in

reactions, suggest that other antigens may

type antigens
so far (Sippel
actericidal

lay a role in

antibody response to group A strains (Sippel and Quann, 1977).

Not much has been done on serotype antigeng

SETrOgroups.

of the other
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THE_DISEASE

ppidemiology:

Meningococcal meningitis and sepsif have been

reported in all the continents, Groups

A, B, C,

are responsible for most epidemics »nd Incidents

(Marks et al, 1979). The minor serogro

Neiserria meningitidis (X, Y, Z, W135 a

initially considered to be of low virul
thought to produce very mild clinical d

Recent literature (Kleimen et al, 1978)

hps of

nd 29E) were
pnice and were
l sease,

, however,

indicates that meningococcal disease doks occur with

groups Y and W135. Ryan et al (1980) allso reported

two cases of severe meningococcemia and

meningitis with

disseminated intravascular coagulation paused by

serogroups X and Z meningococci.

Since about 1880, the Northern Saviennah region of

tropical Africa, referred toc as the 2frjfican meningitis

belt, has been regulerly affected by epidemics of

meningococcal disease (Greenwood et 21,[1979).

Group A meningococci have been the cau

African epidemics although outbreaks of

of most

group B

infection have also been recorded in tHe Sudan,

(Evans-Jones et 1, 1977). Ipidemics due to group C

has also been recorded in Northern Nigdria (Whittle

et al, 1975)., GSporadic cascs are oftern

group B meningococeci (Peltola, 1983).

caused by
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Some evidence suggests that certesin s

cause disease more often than others for i
serotype 2 organisms were much higher duri
C epidemics (Gold et a1, 1971), and for mo
groups Y and W136 (Frasch & Friedmann, 197
serotypes l} ana 6 have been isolated only
(Fresch and Chepman, 1972).

Recorded meningococcal disease epidem
dates back to 1948 (Horn, 1951) znd one of
recent recorded case was in 1977 (Greenwoo
This weas due predominantly to group 2 meni
Few unrecorded sporadic cases occur in bot
betwe

and Southern Nigeria. For instance,

and March 1977, Neisseria meningitidis acc

7.7% of pyogenic meningitis in Ibadsn, Nig
(Montefiore et 8l, 1978),

Endemic meningococcal disease in civi

erotypes I
stance,

g group -
bt cases
P) while

From cerricrs

lcs in Nigeria
the most

19

i_e'_t-‘_a_-l-_' )’I./f,..
ngococci,

h the Northern

bn January . 1°7€
bunted for

pria

Lian popul: tions

occur most frequently in children with peak incidence

being between the ages of 6 months and 2 vy

EArs

(Goldschneider gt al, 1969) presumably be

absence of serum bactericidal antibodies (

use of the

rks gt 21,

1979), and young adults (Hassan King et ell, 1979),

between the ages

Meningitis belt, (Mohammed, 1983).

Epidemics affect all age groups.

of 5 - 15 yerrs in the Aflrican
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Man is the reservoir of meningococci.
lleningococcl are spread by nasopheryngeal cprriers.
Such carriers form about 5 - 20% of the poprlation and
they are the only important reservoirs of the organism
in nature and the source of the vast mejorijty of new
infections (Sanders and Deal, 1970), Reports of carrisge

rates in Nigeria and other parts of the World have been

rather conflicting. Freser gt 21,(1973) rqported 2.!.:
carriage rate in a mixed population consisffing of civilian
children, adults, navel and nursing studenfs in the
United States. This could rise to about €Q% in clased
populations like & militsry enclave (Altmagn gt al,
1973).
Studies of Sanborn et 21, (1972) in NLrthern Nigeria
showed a carriege rate of group A mening@cocci in the
general population of 3lJ6 during the middlf of the drv
season and 7% at the onset of the rains. Patterns of
nasopharyngeal carriage among household coptacts of
African patients with the diseese studied py Hassan-7.1nz
et a1l (1979) during an epidemic showed a cprriage rrte
of 3% in the general population of the epifiemic strain
group A. However, the relationship of carpiage rate: to
disease outbreaks is still uncertain, (Sapders and

Deal, 1970).
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Apart from nasopharyngeal carriers there are reperts

of isolation of meningococci from urogenital] sites

(Chapel et g1, 1977: Faur et al 1975). The [role of

in

isolates from these seemingly abnormal sited,
meningococcal infections is unknown,

Results of Sippel and Girgis (1978) aldo show th=t
meningococcal patients 2re also important irf
meningococcal disease transmission particulgrly when they
are also nasopharyngesl carriers. They foudd that

L.

pharyngeal isolstion rate in femily members |of

meningococcal meningitis patients who were qot pharyngcsl

carriers was 23% while that in those of pat]

were also carriers wes 407, 1solates from !

members and patients had the same sulfadiazl

sensitivity pattern., These suggest strongl)

patients are transmitting these organisms aj

therefore very significant sources of virulent meningococci,

Meningococcal disesse rnd colonisation

lents who
poth family
ne

f that the

d are

is known to

result from aerosol dispersion (Rybkina et gl 197€),

though only very little is known about the

facilitate person to person transmission (H
Keynan, 1980). Increased catarrh, coughing
and expectoration that accompany upper resp
infections result in increased dispersal of

droplets containing the orgenism (Herman an

i Keynan,

factors th:t

brman and

sneezing

iratory trect

aerosol

19€C) .
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The risk of contrecting the disease 1ing

factors associated with poverty are present

1973), Sleeping proximity is suggested as

factor in the contagicon of meningococcal dig

and Keynan, 1980).
dormitory contacts are at increased risk of
infection whereas schoolmates and hospital

less so (Jacobson gt al, 1977). Epidemics

towards the end of the dry season when it i

-

o

This could explain why H

reases when

{(Fraser et al

H
probable
ease (Hermaon
ousehold ::nd

acquiring

ersonnel are
ormally stert

3
and

hot, dry

dusty and finishes at the onset of the raing in the

ffrican meningitis belt (Hassan-King et 21,
The factors responsible for this trend is s
understood. Monlineux (1969) suggested thal
humidity is likely to be the most important
epidemics start when absolute humidity is 14
tropical and temperate areas. Lapeysonnie
earlier suggested that 2 dependence on low .
humidity could also account for the clearly
southern border of the /African meningitis b

Monlineux (1969) suggested that a low
could favour the survival of meningococci i
respiratory secretions. Results of Greenwo
tend to suggest that & low absolute humidit
to meningococcal disease by damaging the lo
mechanisms of the nasopharynx, thus increas
likelihood that infection with a meningococ
to clinical disease rather that to an agymp
state, The factors responsible for initiat

appearance of major epidemics within the /1

meningitis belt is still elusive,

1979).

till not well

L low absolute
factor since

pw in both

[1965) had
Pbsolute

defined

=3 iy AR

pbsolute humiiit:
h droplets of

bd et g1 (1969)
y could predisnosc

ral defense

ing the

cus would lead
tomatic cerrier
ing the regulsar

rican
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Pathogenesis

The development and course of meningococt
are governed by 2 complex of many variables iI
virulence factors such as encapsulation (Moxo

1978) end toxigenicity. Briefly, a respiratol

ral infection

cluding

and Murphy,

ry focus of

infection, presumably nasopharyngeal, could elther be
asymptomatic (carrier state) or could result im bacteremia,
which may then lead to metastatic infection of the
meninges, Jjoints, pericardium and other sites
(Kleiman et al, 1978).
What accounts for the peculiar susceptibjlity of the

few individuals who develop meningococcal disqase rather

than asymptomatic infection is still unknown|

immunity usually facilitate the development of
which can lead to an acute purulent meningitig

(Bhatti et al, 1982). Artenstein et al, (197(

Lack of

bacteremia

)) suggested

thet other factors like anatomic abnormelitieg, deficiency

of secretory immuncglobulins and antecedent o
coincident viral infections could facilitate 1

of Neisseria Meningitidis from the respiratorq

the bloodstream or meninges,

The possession of a cepsule is thought tg

he egress

tract to

be cne of

the wirulence factors of meningococci. EncapJulated

bacteria are known to resist phagocytosis (Mellly et al

1974).
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Certain bacteria are able to evade the normal
defense mechanisms and this resistance to phag
often appears to be releted to the preduction

capsule by such organisms (Wilkinson et al, 19

phagocy tic
ocytosis
of a

79) .

Encapsulation is thought to interfere with ef%ective

opsonization (Peterson et al, 1978). A precig
for this inhibition of opsonization is not kng
possibility is that this capsular substance ph
obscures receptor sites for immunoglobulins or
on the cell wall (Yeinstein and Young, 1978).

The possession of pili by some strains o
meningococci could also help in its psthogenet
There is increasing recognition that in some §
precesses, pili may enhance bacterial viruleng
facilitating adherence to 2nd colonisation of
surfaces (Silverblatt et al, 1979). Though ti
been demonstrated with meningococci, but with
a closely related species, pili have been foun
attachment to several kinds of Leukaryotic cel
organelles are thought to influence virulence
gonococci to mucosal sites (King et al, 1978)

Meningococcal endotoxin has been implicat

course of diseacse caused by the meningococcus

Simmons, 1968). Similarities have been found

e mechanism
wn but one
ysically

complement

ic rechanisms,
nfection

e by

mucosal

is has not
the gonococci,
d to promote
l1s and these

by anchoring

ed in the
(Ducker and

between the

general clinical findings in animels treated
meningococccal endotoxin and the clinical feat

meningococcal disesse in humans (Gaskins and

ith
res of

alldorf, 1976).
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Devoe and Gilchrist (1973) have proposed
endotoxin resides in the outer membrane of th
meningeccoccus and that an oversynthesis of th
containing outer membrane, resulting in a con
release of endotoxin is a characteristic feat
meningococcus during cell division., Hill eond
reported that open segmented trilaminar struc
the cell wall enriched fractions contained mo

endotoxin., The endotoxin is thought to be a

that the

T

Ls endotoxin-
Einuous

hre of the
Weiss (1974)
tures from

st of the

part of the

lipoplysaccharide moiety of the outer membraﬂ%, as

meningococcal lipopolysaccharide has been shg
potent in the induction of the generalised an
Schwartzman reactions (Margaretten et al, 196
Arnold, 1974), the features of which are almg
identical with those of fulminant meningococq

Devcoe gt al,(1977), have further shown {
combinaticn of degraded meningococcal materis
from polymorphonuclear leucocytes and relatiy
amounts of endotoxin released from rapidly dj
are sufficient to produce disseminated intray
coagulation (a complication of both meningocd
meningitis).

The mechanism of endotoxin release has |
by several workers. Devoe and Gilchrist (19

a mechanism whereby rapidly growing meningoci

wn to be

d dermal

Ts Davis and
st

emla.

hat a

1 egested
}ely small
viding cells

Fascular

becemia and

been studied
p73) proposed

beci released




substantial amounts of endotoxin-containing cf
into the medium without lysis,
outer cell walls to form blebs which are subs
released into the medium both in the stationa
growth (Anderseen et al, 1979) end during the
of growth (Devee and Gilchrist, 1973).

C.
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CLINICAL MANIFLSTATIONS AND COMPLICATION;

Neisseria meningitidis may cause a
nasopharyngitis and in some cases, may i
bloodstream and find their way into the
may give rise to overwhelming septicemia
instances however, the meningococci rema
blood for & long time, continuously or
intermittently causing a mild protracted
meningococcal septicemia termed chronic

meningococcemia, (Niklasson and Svanbor

P11 wall

Such cells evpginate

bquently

ry phase of

log phase
i

nild

nhvade the

neninges or
. In rare
in in the

variant of

n, 1973).

Though rare, cases of meningococcal pneuhonia have

also been described by some authors (Put
1970).

meningococcus should be regerded as a po

These authors suggested that the

respiratory trect pathogen. There's ver

no information on this type of meningocofcal infection,

Rarer diseases caused by meningococ

sch et al,
tential
y little or

ci are

arthritis (Schaad, 1980), opthalmitis (MPson et al,

1979), Urethritis (Carpenter and Charle

vaginitis (Gregory and Abramson, 1971) apd

peritonitis (Page et al, 1974).

s, 1942),
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e

made in a patient with fever, petechiae, cleal

Meningococcemjia: A diagnosis of meningoc¢ccemia is

o

cerebrospinal fluid and a positive blood cultyre.

Benign Meningococcemia: -

This is characterised by fever, skin man

L festations

and arthralgia, in a relatively healthy lookipg

individual. The fever is continuous or interLittent ard

the skin manifestations congist of recurring
maculopalpular, nodular and/or petechial erup
pus. The natureal course can be protracted fo
months and meningitis may supervene at any ti
(Olcein et al, 1978). This disorder has been]
mostly in adults with mean age 27 - 28 years,
relatively rare disease with no signs of shod
ventilation, heart affection, renal damages,
meningitis. (Olcein et al, 1978).

Fulminant meningococcemia:-

The fulminant form of meningococcal sepS§

tions witout
I weeks or
me
described
It is a
k, disturbed

and/or

is was

earlier named Waterhouse .Friderichsen syndrqme with

reference to the adrenal glands (Niklasson ef]
This is usually accompanied by purpuric skin
renal ccrtical necrosis, Disseminated intray
coagulation usually depicts the peak of menin
septicemia and is manifested by thrombosis ir

(Minna et al, 1974).

al, 1971).
lesions and
ascular
gococcal

many organs
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Disseminated intravascular coagulation i
pathologic process triggered by activetion of
clotting cascade with the resultant generatio
thrombin within the vascular system, that lead

activation of the coagulation system, shorten

8§ a dynanic
the
n of excess

§ to further

d survival

of certain hemostatic elements, deposition of |fibrin in

the microcirculation and activation of the fiprinolytic

system (Feinstein, 1982). Lowered levels of
factors and secondary fibrinolysis may result
clinically excessive bleeding, particularly wh
patients blood vessels hasve been damaged by v
puncture, trauma or surgery. In contrast, fi
may cause micro-or macro-thrombosis (Feinstei
Deykin (1970) sees the central pathologic pro
disseminated intravascular coagulation,as s r
underlying illness, that provokes a generalise
of the hemostatic mechanism beyond that norma

to areasof local vascular injury. He conside

emostatic

in

¢n the
?scular

brin deposite
n, 1982).
cess in
psponse to an
H activation
lly confined

rs the

syndrome as a refection of the interplay of tWwo basie

processes, the first being a complex sequence| of events

leading to the evolution of thrombin and the |second beings

a series of protective mechanisms that the bg

dy employs to

defend itself against the generalised clottiqg that would

occur in the absence of unchegked thrombin.
lesions in disseminated intravasculer coaguld
a variety of cutaneous alterations which wher

can lead to its prompt diagnosis such lesiong

Clinical

tion include
recognised

include
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pretechiae, purpura, palpable purpura, hen

orrhagic bullze,

purpurae fulminans and acral necrosis (RoYboy et al, 1973),

Circulatory failure or shock could re

disseminated intravsscular coagulation,

sult from

Hallor, Cyanocis,

unconsciousness, cold extremeties, rapid gnd feeble

pulsations, loud cardiac sounds, collapsed
reduced arterial pressure are the charactq
of shock. To these sings of circulatory f
purpuric lesions on the skin, leukopenia,
and the syndrome cof fulminant meningococcq
complete (May, 19€0).

Histopathologic findings in dissemins
coagulation include deposition of fibrin ft
of varying sizes and necrosis of vessel ws
1973). In purpura or petechiae present fqg
2ly hours, fibrin thrombi were observed in
the superficial vascular plexus., The ligh
eosinophilic fibrin aggregates were usuall
located in the wvascular lumina, In older
revealed epidermal necrosis, formation of

bullae and patchy necrosis of the acrine g

In palpable purpurae, fibrin thrombi in spall vessels

extensive haemorrhage are observed (Robbon

veins and

ristic features

ailure, add

hyperglycemie

1 infection is

ted intrsvascular

hrombi in vesesels
11s (Robboy et =1,

r less than

capillaries of

tly woven

y centrally

lesions, biopsics

subpidermsl

land.

anc

et al, 1973).
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Mechanism of Initiating Disseminated Intray

Hscular

—

Coagulation in Meningococcal Disease:

The mechanism of disseminated 1ntravaqcular

coagulation is not yet fully understood buf]

endotoxins are known to induce hypercoagulgbility,

manifested by an increase in certain blood
activities (Lapinski and Jeljaszewicz, 1969
meningococcal disease are histologically
indistinguishable from the dermal Shwartzmg
which is produced experimentally by Neisse:

meningitidis endotoxin (Margeretten et al,

In vitro, endotoxin is capable of activating the

factor

ria

1967).

Hageman factor (Rodriguez-Erdmann, 1965) SI
directly or through the Hagemann f-ctor, c

platelet factor III (PF3) from thrombocyteg

Activated Hageman factor and PF3 would theph activate

d either

bacterial

nn reaction

uses releesc

). Lesions in

of

prothrombin via the intrinsic clotting sysgem and initieste

clotting (Evans et al, 1969).

Deykin (1970) describes the intrinsic

system as follows: the first step is the ponversion

the Hageman factor or factor XII from its P
precursor form to its active or enzymatic |f

Activated factor XII, in turn converts fadt

clotting

nert or
orm.

or X1 or

ot

plasma thromboplastin antecedent (PT2) from its inert farm

to its activated or enzymatic form. £ctiﬂated factor

in the presence of platelet vhospholipids,

forms =

st

LY
ivy

o1e
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macroroliculsr complex +ith factor VYIII or
antihenophilic fector, This complex, compd
foctor Ix, foctor VI1II :nd phospholipid cor
or the Stuart fsctor into its ective form,
activated frctor X iteelf, c=n slowly convd
to thrombin, the rate of prothrombin convoy
drematicolly incressed by ithe prescnce of q
vhosnholipids #nd s#n eccescory clotting faoq
The complex formed by sctiveted foctor X, {
platelet phospholipid is the prothrombin cq
principle which rropidly rnd coapletely cled
liberating thronbin,

I'ibrinogen is known to bc composcd of

the

sc€ of activeted
verts factor X

M though

rt prothrorbin
sion is

letelet

tor; f=actor Y.
[rctor V #nd
nvorting

ves prothronbin,

# dimer of

thrce cheins - flphs, bets ond gerome chein

Thrombin

clesves off the £lpha cheins relo: sing fibginopeptide J

and ncxt the bote cheins rele-sing fibrinopeptidce 13,

'he rencining molucule is now tormed fibr]

repidly polyw risc to {form 2 ascrowoleculs

precipitates out from plssma, forming & gcl

I

en enzyme sctivatcd by throwmbin, then form

»

links within the intcrsticcs of the clot «

longer disocisble, ("eykin, 1970).

n monom:. r vhich
r structurce tn-t
» Fector Al.l,
covzlent
thet it is no

In addition, #s & protective mcchenisg, the sctiv- Lion

of fector XI1 leosds 1o the nraduction of k¢
which in turn, results in the conversion o
to plaswin, (Colmen, ot rl, 1979) & potent

enzyme capable of digesting fibrin,

hllikrein,
[ plasninofen

proteolytic




- 20 =

Thus fibrinolysis =z1lmost inveriably nccomos

n

evolution., Thc balsnce bctwecn these two p
deternine the degrce of hemorrhege endfor t
clinicelly (Colmen of 21, 1979). However,
importence of fibrinolysis in disserincted

cor-uletion is disputed (Feinstein, 1882),.

hies thrombin

roCcesses
hrombosis seon

the oversll

intresvasculrr

Lvens et al (1969) proposcd Lhe folloLing senuence

of events in fulrinating mceningococcenial-

F'evoursble

growth concditions in the body lerd to rapid| becterinl

multiplicetion crusing vesculitis ,
hemorrhage by direct becterial invasion pos
supplencnted by relesse of endoloxin, Cirg
endotoxin leod to widesprerd endotheliel o
many orygsns, ‘hother cndothelisl cell necn
dircect result of cndotoxin or occurs second

intravesculsr clot form-tion ~nd subseruent

thrombosis is not known, Margerctten ct al
howe ver, proposcd thet the necrotic skin
including bilaternal adrenal neccrosis ere mg

blood clotting system, #nd gre not due to t

throubosis ond

sibly

ulating
rencretion in
osis 1s ¢

~ry to
vasculer

,» (19€7)
lesions,
dizted by the
he circct

<

effcet of Lthe toxin on prrenchyms=l cell.

affected tissues prepered by this author s
fibrin throrbil in cepillsrics, :nd small bl
a degree cignificant for obstruction of th
microcircul~tion, Acceloreted intravasculs
presumsbly follows becruse of circet effect

on the clotting mechonisn, 5o livens and cd

pctions of
J;w dissenineted

3

ood vesscls to
)

r clotting

of endotoxin

s

-workers
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belicve thet severc injury to the voscular ¢

conncective tissue serve to initiste hypercog

with intravesculsr clotting »nd consumntion

factors.

Meningococesl Leningitis

ncotheliur nr
suleble st te
of comsrul-lion

The ¢linic=1l symptoms of this disense include intrnise

heedache, lethergy or confusion, vomitting,
end fever., Nuchel ripidity apnears in over

(Swartz end Dodre, 1965),

irritebility

80% of cases

The develovnent #nd course of meningeall infection erc

governcd by Lue
(>cheld, 1681), inclucing microbiel virulend
as cncapsuletion (#obbins et gl, 1974), cles
bacterie from the blood (..oxon :nd Ostrow, {
antibacteriesl mechanisms in the subarachnoid
(Scheld ¢t 21, 1975) anatomic and functionsl
resulting from Iinflemuwotion (icfllister et &
entibiotic therapy (Schelé, 1981),

The source of sceding of the centrel Ve
(Cis) is not yet undcrstood but the occureng
reflect cither 2 primary hematosenous stedin
e sceding of the bloodstreem frou a CN.
simultencous spresd¢ from an infected souree
snc bloodstream (3cheld et pl, 1979), itudic
gt g1, 1979 on the infant rrte model of nenf

suggestcd that becterenia is primery tnc of

complex intersction of many variebles

e frnctors such
rsnce of

977),

space

chznges

1, *975) enc

rvous syster

-
£

¢ of bactereri

g, of the

soufce or a

to both Lhc
ks of iloxon
ngitis hieve

contral

importence in the patho'cnesis of ieningitig but studies
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on bacterial concentrations in the cerebrospinjl fluid of

children with meningitis have suggested that gecondary
bacteremia is common and dependent on bacterial
multiplication within the cerebrospinal fluid gnd the
subarachnoid space (Feldman. 1976) 7tudies of]| Scheld et al

(1979) demonstrates secondary bacteremia in dogs 2 hoyrs after
intracisternal inoculation, Organisms were detlected in

the superior saggital sinus before peripheral grterial

blooed,

Petersdorf and Luttrel (1962) describes the
pathological features of meningitis as follows{-
Grossly purulent exudate was present over the ¢onvexities
of the cerebral hemispheres as well as at the Pase of the
brain. Histological lesions of the brain could be
divided into 5 types: ‘
(1) exudate of the convexity and basal sybarachnoid
spaces of the brain end spinal cord
(2) exudate of the ventriculesr system anT central
canal of the spinal cord
(3) Vascular congestion and inflammation|of the
choroid plexus
(4) Major sinus and superficial and deep Yenous
thrombophlebitis with subarachnoid bleeding
(5) Cortical granulomata and necrosis of feural

tissue.




- 20

Exudates consist primarily of granulocy
extend from the olfactory lobe to the medull
et al, 1975). Once initiated, bacterial men
initiates inflammatory reactions in the cent

system thet result in the generation of chen

tes and often
a (McAllister
ingitis

ral nervous

otactic

factors and in the appearance of various clgsses of

immunoglobulins, polymorphonuclear leucocytq

s and

complement in bactericidal amounts, all of vwhich are

expected to improve the local host defence 1
(Scheld, 1981)., Scheld (1981) concluded thi
or mechanism of death in meningitis seemed {
to subarachnoid hemorrhage in a few animals

majority, interference with cerebrospinal f]

jechanisms
t mortality
o be related

but in the

luid

circulation subsequent to obstruction of th

ventriculer

system by the inflammatory exudate, must haye resulted in

functional hydrocephalus,
the spinal cord led to severe inflammatory
surrounding grey matter,

Hydrocephalus is one of the major comp]
meningitis., The exact mechanism responsibl

intracranial pressure and hydrocephalus in

meningitis is unknown but it is usually asc]

cbstruction by purulent material, in the ac

I

ribed to

Pus in the centril canal of

ecrosis of the

ications of

for incressed

acterial

ueduct of the

foramina of the Lth ventricle, in the subargchnoid space

or in the arechnoid villi,.

The latter would then cause

alteration in cerebrospinal fluid absorptiop with an
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increase in the resistance of cerebrospina
outflow from the subarachnoid space back i
system (Scheld, 1981). Cerebral edema of
and cytotoxic types may contribute to the
intracranial pressure in some cases, Cere
be secondary teo pial vessel invaesion by mi
with resultant vessel thrombosis or cerebr|
or the direct cytotoxicity of leucocyte pn

the subarachnoid space (Scheld et al, 1980

Imnunity and Control:
Immunity to meningococcal disease hasg
be antibody-mediated (Goldschneider et al,

These protective antibodies may be directd

{ fluid

hto the venous
pboth vasogenic
raised
bral edema mny
croorganis.s
pl infarction

pducts within

)

been shown to
1969).

d ageinst

(a) the group - specific capsular polysdcharride
antigens,

() the protein serotype antigens which |are shared
many strains of pathogenic meningocqcci
(Kasper et al, 1973) and

(¢) other cross-reactive antigens.

The mechanism has been shown to be in
serum anticapsular antibecdy with complemer
bactericidal activity (Gotschlieh et al, 1
(Nicholson & Lepow, 1979). All normal seq
precipitins against some Neisseria m:ningi

(Hoff and Heiby, 1978).

duction of
t-dependent
969 ;

a contain

tidis

anong
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Immunity to systemic meningococcal infecti
infants in the neonatal period is associated wi
transfer of IgG antibodies from mother to the £
(Goldschneider et al, 1969). 1In children and
carriage of groupable or non-groupable meningoc
induces antibodies to meningococci (Frasch and
1973). Though carrier strains are generally of]
virulence, they contain antigens which cross-re
those of pathogenic strains (Goldschneider et

o

Besides, . immunity to meningococcal dis
initiated, reinforced and broadened by intermit
carriage of different strains of meningococci t
life (Goldschneider et al, 1969).

Carriage of other Neisseria species could
induce antibodies against some meningococci,sirn
meningococcal antigens show cross-reactivity wi
from these other Neisseria species and these §

are part of the normal flora of the human body

bn among
Lh passive
Etus
Adults,
pcci
Chapman,

low

t with

, 1969).
se is
tent

hroughout

Talso

ce
th antigens

pecies

(Hoff and Hoiby, 1978). For instance, carriag

Neisseria lactamica may be a freaquent contribu

development of natural immunity to Neisseria m
in infants and young children (Gold et al, 197

Antibodies against Neisseria meningitidis

polysaccharides may also be induced by other b
since some widely occuring bacteria have been
possess capsules which cross-react with Neisse

meningitidis polysaccharides antigens e.g. E.

of
ion to the

ningitidis

8

cteria,
ound to

ia
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has been found to be structurally related ta

capsular polysaccharide (Hoff and Hoiby 1974).

Groups A and C capsular polysaccharide
been shown to produce protective antibodies
Artestein et al, 1970, Wadhan et al, 1973) {
group B doeg not (Wyle et al, 1972; Gotschli
Within group B, it appcars to be primarily f
antigens that elicit bactericidal antibeodieq

(Frasch and Gotschlic, 1974},

ut
ch
he

group B

antigens have

in humsans

that of
et al, 1975).

serotype

Group B menirgococcus 1s

highly heterclegous and as such, group B anfibody would

only be protective against strains of the hg

protein serotype. (Sippel and Quan, 1977).

.

little or no infermation on the protective 4

antibodies from the other serogroups.

Infants in the neonatal period have pajg

[+
u]

acquired from their mothers., After birth,

content diminishes, reaching its lowest levd

months of age. Then with exposure to menin

bacteria with similar antigens, the antibody
gradually incresses, although its concentrat
be low up to 18 months of age. Between 2 aj
age, there is a further progressive increasg
aged 13 - 19 years may have antibody levels

gseen in adults. 60% of unimmunized adults shd

mologous

There is very

bility of

sive immunity
terum antibody
lat 5 -7

ococcl and

level

tion may still

id 12 years of

Children

equal to those

bw antibody

levels of 2 rg/ml or more and 87% of them hgve more than

rg/ml (Galazka, 1982).

Two promising sreas at which control measures should

be directed are mass vaccilnation of those at

risk,
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especially case contacts during epidemics aTd eradication

of carriers,

Carriers sre the only important reserv
organisms in nature and the source of a vas
of new infections but unfortunately, most a
drugs are useless in eradicating the carrie
(Sanders and Deal, 1970), Though a rapidly
carrier rate does not necessarily portend t
of meningococcal disease, when symptomatic

in a confined population, elimination of me

from all carriers will abort the outbreak (

bir of the

E majority

4
4

htimeningococe:
r state
increasing

e occurence
Hisease appears

ningococci

%eldmann, 1966) .

Among available antimicrobial agents epch of the

following has been demonstrated to be of 1i

in the elimination of Neisseria meningitid

ttle or no use

from a

symptomatic carriers

(a) Penicillin G, administered orall
despite its proven value at high
the treetment of meningitis, and

(b) Benzathine penicillin,

(¢) ampicillin,

(d) erythromycin,

(e) tetracycline,

(f) chloramphenicel and

(g) Cephalexin (Artenstein et al, 19

y or parenterally

er dosage in

meningococcaemis,

70) .
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However, rifampin, a new synthetic macrolide anj

Fibiotic

has been shown to be highly effective in eradichting the

carriage status. Though resistant mutants have
isolated in the laboratory, it has not yet been
naturally (Artenstein et al, 1570). Besides ri
moneocycline is the only other drug known to be

of eradicating Neisseria meningitidis from the

nasopharynx of carriers. Studies of Sivonen et

been
found
Fampin,

bapable

al, (1978)

shows 78% success for Rifampin and 62% for minfcyclint.

The dosage described by these workers is 600 mg
for four days as a single dose before breakfast
rifampin, and for minocycline, a starting dose

followed by 100 mg every 12 hours for 5 days.

per day
for

bf 200 mg

However the effect of these drugs are disappointingly

short i.e. new acquisition easily follows due t

]

reinfection, Vaccination also decreases carriage to

some extent but it is not very effective (Gotsd

_Q:: .,a.._];’ 1969).

hlich
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USE OF VACCINE

The Walter Reed Army Institute of Medi

cal Research

has succeeded in extracting and purifying the group

specific polysaccharides of groups A and
to date,

these are now svailable:-

of either group A or C purified capsular pdg
and a bivalent vaccine of groups A and C pg

A polyvalent meningococcal vaccine that ing

v

A, C and Y has also been developed and
effective in clinical trials (Farquhar

It has not been possible to isclate an

capsular polysaccharide from group B so fa#.

is also being made in the isolation and chg

showy
et &

immy

C mz2ningococci

Three meningococcal vaccines prepared from

monovalent vaccimes composed

lysaccharidc
lysaccheride.
ludes groups
m to be

1, 1978).
nogenic
Progress

racterisstion

of specific polysaccharides from groups Y and W135

organisms (Gaslazka, 1982). Galazka (1982)

believes that

immunisation against Neisseria

meningitidii
should not be included within routine immu

programmes in developing countries because
like irregularity of epidemics, the changi
of meningococci, the variation in age distj
cases in different areas, the need for a s{
of group A vaccine in infants and young ch
maintain a long-lasting anti - A immunity,
efficacy of group C vaccine in children be
of age, the scarce information on the effe

simultaneous administration of Neisgeria m

disease
ization

of problems
hg serogroups
ribution of

bries of doses

Lldren to

the low

low 2 years

bt of

pningitidis
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vaccines with other vaccines and the still h
the current meningococcal vaccines,

Inspite of these problems, highlighted
(1982), Ukeje (1980) considers the present d

of the behaviour of the disease in the face

i gh cost’ of

by Galazke
iy knowled 7c

of a well-

planned immunization programme, reasonable énough te

warrant the inclusion of seasonal, well-timed mass

immunization agesinst cerebrospinal meningiti
aspect of primary health care, since Neisser

meningitidis infections have caused untold H

suffering and death to many in the /frican n
(Njoku-Obi, 1980), Okere (1980) strongly sy
latter recommendation for the following reag
a) Once established trat a particular menin
is the causative agent in a particular j
vaccination programmes can be embarked

waiting for en epidemic to occur.

8 88 & routine
ia

ardship,
eningitis belt
pports this
ons.

gococcal group
lace,

pon without

b} Vaccination not only stops the illness RJut also coniurs
immunity,

¢c) The emergence of antibiotic-resistant sfrsins, as -
result of chemoprophylaxis will be more|disastrous t :n
the possibility of another meningococci |serogroup
emerging among the vaccinated population.

d) Vaccination takes care of the real possibility of the

continued presence of the organisms in §
since most of the people in Zfrica are 1
after their health and are resentful of

medical methods.

inable to

he environment
look

modern
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At the moment, groups A and C vaccines are
for use in the control of cerebrospinal me
these serogroups during epidemics, so as t
spread of the infection (Galazka, 1982).

The protective efficacy of meningococ

recommended

b prevent the

bal vaccines

is dependent upon the induction and persisfence of

bactericidal antibodies (Glode gt al, 1979).

Immunity following immunization with groupf A and C

vaccines is group~-specific snd protection

in one week (Galazka, 1982)., Immunization

8 achieved

of adults

and children over 2 years of age with group C capsular

polysaccharides confers protection against

(Artenstein gt al, 1970; Tauney et zl, 197L).

The concentretion of antibody induced in ypunger children

and infants with group specific vaccines ijs very low,

This problem could be overcome by administflering a second

dose 3 - 4 months later (Galazka, 1982). [Efficacy of

group 4 vaccine has also been proved in ajults and clder
e

children but there are still doubts as to

fficacy in

younger children snd infants. The level gf antibodies

induced in infants less than 1 year old 19

(Galazka, 1982).

poor

The duraticn of post-immunization immunity is not

known with certainty. The available data |for group .

hingitis due to

these organisu:

-t

vaccine suggest that a single dose of vacdine administer<d

to persons over 2 years of age provides prjotection for

1 = 3 years, The protective efficacy of group C




polysaccharide vaccine seems to be of shori]l duration,
probably 1 year or less (Lepow et al, 1977;
Kaythy et al, 1980).
Adverse reactions to groups A and C vdgccines are
generally mild and infrequent in school agq children
and adults, following primary end booster jmmunizations
made by conventionel rubcutaneous or by thg injector
routes (Artenstein et egl, 1970). No serioug local or

systemic reactions have been reported althqugh transient

local erythema, at the site of injection agd mild
Irritebility ere infrequently noted. 1In 1Ifents and
young children local reactions were also mild and
included erythema, ocedema 2nd tenderness at the site
of inJjection.

Vaccines at present, a2re used mainly for

preventing and controlling epidemics (Galagka, 1982).
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MATERIALS AND METHODS

Semple Collection:

Samples were collected transorally frjom pupils

aged 3 - 16 years in Islamic and primary gchools in

Zaria, snda Shika in Kaduna State and Barbyra,

Dambatta and Wusansan in Kano State, School-age

pupils sampled in Keno State were mainly fhose that

were previously immunized against groups A

and C

meningococci. Cotton-tipped wooden applidators

were thrusted into the oral cavities, down to

behind the uvula and rotated as described |by

Hoeffler in 1974, Swabs were immediately

Stuart's transport medium (Bacto) and tran

immersed in

sported to

the laboratories where they were immediatgqly cultured.

Cultivation of the Organisms:

Nasopharygngeal cultures were swabbed

into

fresh Thayer-Martin plates (Twine and Henlley, 1982),

prepared as follows. Bacto- G,C, medium aase and

Bacto hemoglobin were prepared and aucoclgved

separately at 121°C for 15 minutes as dirdct by the

manufacturer. They were allowed to cool fjo about

SOOC, mixed and Bacto yeast supplement B was added

as directed by the manufacturers. The ant

ibiotics

Vancomycin, colisti sulphate and Nystatiin were

added as directed by the manufacturer (Dif

to inhibit other throat microflora.

co)
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Beeded plates were then incubated at 37°¢

under

5% carbondioxide ond BO% humidity in a carbonglioxide

incubator.

Plates were examined after 24 houprs for

conveX glistening elevated, butyrous, transparent and

mucoid &olonies 1 - 3 mm in diameter. Two of

such

colonies were picked from each plate snd sub-gultured

onto fresh Thayer-Martin medium, for another EL hours for

further identification. Plates lacking such
were subcultured Ior another 24 hours and dis

there was still no growth.

Tests for Ident:ficetion of the Organisms

Gram Stain

Heat-fixed smears of organisms from each
was covered witk the basic dye, crystal violet
minute and washel with water. A4 solution of g
iodine was pourel on to the smear for another
minute and then washed off with water. 211 ba
stained deep blus at this point in the proceed
Cells were then treated with acetone for about
to effect decolorisation of gram-negative cell
washed with a jet ¢f water. Smears were then c

safranin for about 30 secconds, washed with wat

Colonies

rarded if

colony

for one
ram's

prie

cteria are
are .,

RO seconds

and then

Lt

bvered with

br, and

blotted dry for examination under oil immersion lens.

Gram positive bacteria retein the deep blue colour of

crystel viclet while gram-negative oneSwere

red by safranin.

cofinterstained

Colonies showing gram-negative

diplococcl yere Subjected to other tests for further

identification,
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Oxidase Test:

Kovacs (1956) modification of the d

xidase test

was used on organisms from colonies fourid to consiszt

of gram-negative diplococci. /A piece of
No. 1 filter paper of about & cm square {
petridish. Two to three drops of freshl
tetramethyl-para-phenylenediamine dihydrn
solutionwas dropped unto the center of f
paper. Part of a suspected colonyyas pi
platinum wire needle and thoroughly smed
reagent-impregnated filter paper, in a 1
long. Oxidase positive colonies which ¢t

purple in 5-10 seconds are subjected to

Test For B-D-galactosidase activity:

Whetman's
bas laid in &
y preparcd
ochloride

he filter
cked with
red unto the
ine 3-6 ma
urn dark-

further tests.

This test distinguishes Neisseria meningitidis

from Neisseria lactamicus, both of whicH
very similar, Bacto O-nitrophenyl-B-D-g
side (0oVPG) disks were used. 0,2 ml of
chloride solution were dispersed in Kahn
!/ loopful of suspected culturewas susper]
solution and an ONPG diskwere ascepticall
into the tube. Each tube wae then incubg
for 20 minutes, The development of a y¢g
indicates the presence of the enzyme gal
Negative tubes are held for another 4 hg

making a final observation. Neisseria n

are culturclly
alactopyrano-
0.85% sodiun
tubes.

ded in each

y introduced
ted at 37°C
llow colour
actosidese,

urs before

eningitidis

are ONPG-negative,
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Suger degradation tests:

Bacto c¢ystine tryptic fgar was pre¢

sterilised by autoclaving at 121°C for

pared and

15 minutes

according to the manufacturers directigns,

Soluticns of maltose, dextrose end sucy
prepared and sterilised through menbran
(0.22 Microns millipore filters) on a f
unit to which negative pressure was app
Each solution was asceptically added tg
cystine tryptic agar to a concentration
poured into screw-cap test tubes.

A very heavy inoculum of suspected
inoculated unto the surface of each tul
which was tightly capped and incubated
at 37°C. Tubes with clear-cut ferments
were read after 24 hours while those wi
or negative reactions were incubated fg
L8 - 100 hours before making final obse
Positive fermentation tubes change fron
yellow, while negative ones remain red,

Neisseria meningitidis are known to fe

and maltose but not sucrose,

Determination of Serogroups

All isolates that are gram-negativ
positive and ONPG~negative, irrespectiy
sugar fermentation reactions were serog

macroscopic slide sgglutination, using

cse wele
¢ filters
ilteration
lied.
the sterile
of 1% and

culture was
e, each of

for 24 hours
tion reactions
th doubtfiul

r another

rvations,

red to

rment dextrose

e, oxidase
e of the
rouped by

commercially
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available rabbit antiserz obtained from well

laboratories,

emulsified in a drop of normal saline on a

-

i, drop of polyvalent meningococcal antisera

2=D and X-Z, W135) was added unto it and th

rocked gently from side to side for 30 secopds to 2 minute

The appearence of floculations on any of th

in inoculum of suspected culf

come
ures wes
¢lean slide,

(Polyvalents

slide wes

o

slides

indicate that theorganism belongs to that p¢lyvalent group,

Emusions of the organism were then treated
the monovalent antisera, (4,3,C,D,X,Y,Z &
same manner as described above to determine
group to which it belongs. To reduce the p
autoagglutinations, a major problem encount
agglutinations, overnight cultures of the o
tryptic soy broth was used instead of emuls
Cultures that agglutinated spontaneously el
or broth were regarded 2s autoagglutinable,
agglutinated the two polyvelent antlisera ws
as polyagglutinable, those that agglutinatd
one monovalent antiserum were regarded as 1
agglutinable, while those that were not agg
by any of the antisera; whether polyvalent

were regaerded as non-agelutinable,

ith each of
r135) in the
the actual
roblem of
ered in slide
ganism in
ions in saline,
ther in saline
those that
re regarded
d more then
ultiple
lutinated

or monovalent,

e
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Collection of blood

Blood was collected from some of the pupils,

from parts of Kano State, some of whom

were known

to have been previously immunized agaiwst groups 2

and C meningococci. The upper limb of

was tied with a turnique and the inner

such pupils

surface of

the elbow Jjoint was cleaned with cottoT wool

moistened with methylated spirit. A 5

syringe with needle was inserted into I

joint and about L - 5 ml of blood wes
poured into sterile universal bottles.
taken to the lab, centrifuged ascepticy
1,500 rpm and the sera were sepereted |

the deep freezer.

Bactericidal /fntibody Assay:

The method recommended by the Wor)]

ml sterile
vein at thic
ithdrawn =nd
Samples were
hlly at

bnd stored in

ld Health

Organisation expcert committee on biolokical

standardization (1976) was used for th

antibody assay. Sera diluted 1: 2 wi
saline were inactivated at 56°C for 30
Serial two-fold dilutions of 0.2 ml of
Dulbecos phosphate buffered saline wer|
sterile plastic microtitration plates |
per plate, using sterile 1 ml disposab

£ lyophilized meningococcal cultu]
inoculated on to Thayer-lartin medium j{

at 37°C in air containing 5% carbondio

ke bactericical
th normal
minutes.

the serum in
p performed in
vith 24 wells
Le pipettes.
e was

hind incubated

kide overnight.
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A 25 ml quantity of tryptic Soy broth was added
asceptically to a side-~arm flask and a 5§ ml qud

gterile culture tube.

A loopful of the over-ni

Intity to a
ght

culture was transferred to the 5 ml of broth i% the

culture tube, which was then throughly mixed ay

into the side-arm flask., The culture was then

at 37°C on a shaker for approximately S hours.

The turbidity was diluted to match Marcfarland

nephelometer standard tube No, 1 containing abi

million cells per ml using a spectronic 20,
dilutions were made to bring it to about 300 ¢
0.2 ml of the adjusted suspension was add
well, followed by 0.2 ml of pre-screened compl
(Bacto) using sterile 1 - ml disposable pipett
The following control samples were included in
a cell growth control
bacteria and 0.7 ml heat-inactivated complemen
conmplement control containing 6,2 ml saline, O
bacteria and 0,7 ml active complement without
serun control containing 0,2 ml serum, 0,1 ml
.1 ml saline. The plates were incubated for

in 5% carbondioxide in a carbondioxide incubat

Subsequently, a mixture of tryptic soy bn

containing 0.2 ml salinp

hd poured

incubated

5
]

but 300

S¢rial tenfold

Pl

blls per ml,
bd to each

bment

7

SO
each test:

0. ml

- 3

t, a

¥

L1 mi.

serum, and a
hacreria and
30 minutes
O .

oth with 1.2%

agarose and 1% heat-inactivated horse serum wals brought to

a temperature of about 15°C and 1 wl of . he me}
to each well using a warm 1-ml automatic syrin
trays were then gently swirled and the medium
to set at room temperature. The trays are c¢

incubated at 37°C for 1824 hours in 5% carboq

dium is added
we. The
is allowed
ered and

dioxide.
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The antibody titre was exprecsed as the
highest serum dillution that gave 50% or greater

killing as compared with the cell control.
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City [No. of children| No, of Carriers Meah Standard
Sampled detected Carrjage| deviation
. rate
(%)
Zaria 502 121 2,68 1.33
Shika 21l 27 12.69 C. 31
Kano 332 26 7.88 .62

Table 1: Meningococcal Carriage rates in partg of

Northern Nigeria
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Category No of pupils No of carriers Capgriage rate
examined detected %
Immunized 212 12 5.66
Hon=-
Immunized 120 1 11.66

Table 1b carriage rate of Neisseria meningitidi

in immunized and non-immunized pupils in parts

of Kano State.
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City |Ne, of children] No, of Carriers} Mean ¢arriage|Stond
sampled detected rate | (%) devi
Males | Females | Males {Females Males FemaleSLTW-ri o
Zaria 329 173 80 Ll 24 .02§26,61 |3,041).0l
Shika | 143 71 20 7 14.43410.39 |2.73]".C1L
Keno 2L3 98 20 6 8.01f 7.82 |4.15]€.2Y

Table 23

Sex distribution of carriege rates

of

N, meningitidis in parts of Northern Niger

i

44
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Age=-groupf No, of Children |No. of Cerriers Megn Stand-rd
(Ycars? sampled detected Carnriage|devi-tion
ratles
()
b ow 185 33 17 J67 Do
8 - 10 205 55 26 .39 B.t
11 - 13 92 29 31470 « 34
10, - 16 20 7 36 J67 10.7
]

Table 3: Age distribution of carriers in Zar

ia




40
35
30
s A
o
= 204
&
a9
151
d
]
C
@
S 10-
54
0
14-16 11-13 8-10
Age groups ( years)
Fig- 1

AGF DISTRIBUT!ON OF fARRIERS IN ZARIA




lge-group{Nc., of Children]No, of Carriers Mean Stz
(Yuarss sampled detected Carpiage | devi
" rptes
(§
5 - 7 58 u- 6.91 Q gil
8 - 10 53 7 13419 0.23
1 - 13 55 8 SRINEE 0.38
1 - 16 48 8 16467
i !
Table lj: Fpge distribution of carriers in Bhika
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AGE DISTRIBUTION OF CARRIERS IN SHIKA .
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LAge-group |[No. of Children|No, of Carriers Mean Stend
Years sampled detected Carfriage{deviatice
rdtes
(A)
5 - 7 128 7 L 433 Ly .OL
8 - 10 175 15 8 462
11 =13 15 2 13433
1 - 16 14 2 14 428

Table S5:

lge distribution of carriers in Kano
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Age-group at tio of Sera Mean log., Postd4 Perceptage | Per-
immunization Tested Immunizatign with Log;J cent-
titre {(+ or - titre| of” { age
Standard I or more | with
deviation) 1cgs
titre
of &
or more
3 - 6 Years L7 5.70 (+ 1,09) 94 3
7 = 13 Years 22 7.86 (+ 0.94) 104 13
Control groups
Age 3 - 6 Years 53 4%.09 (+ 0.89) 73.58 0,00

Table 10, Persisztence of Antihodies in Children aged| 3 - 173

Years at Immunization - 3 yvears after immunizatfion
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Log 2 titre of

Mean = 1,09

1
antibody in rrequency i
seruin J

2 I

2 10

i 16

5 23

Distribution of bectericidal antibody titre in

non=immunized children aged 3= 6 years old
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Fig-7 DISTRIBUTION OF BACTERICIDAL ANTIBODY

| TITRES OF SERA

FROM NON - IMMUNIZED SCHOOL CHILDRE]

N AGED

3 —6 YEARS .
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Log 2 titre of

antibody in serum Frequency

3 2 .

L 7

5

& 19

7 1

8 1

Mean = 5,70

Distribution of bhactericidesl antibody titre

in

children aged 3 -~ 6 vears old immunized thre

e years

o
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Fig-8 DISTRIBUTION OF BACTERICIDAL ANTIBODY

12

TITRE OF SERA

FROM PUPILS AGED 3 — 6 YEARS IMMUN

IIZED 3 YEARS

AGO .
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Log, titre of Frequency
antibody in serum

5

7 5
8 11
S

Mean = 7.86

Distribution of bactericidal antibody titfre

in Children aged 7 - 13 vears old immanized

three vears ago.
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3 YEARS AGO -
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RESULTS

The overall cerriage rete of N, meningitidis i

locations in parts of Northern ligeris is indicateq

n different

4
-

in Eable

In Zaria, carriage rate averaged 24.68% with a staAdard

deviation of 1,33. In Shika, the average was 12,6(
standerd deviation of 0.37, while that of Kano avel
with a standard deviation of 4,62. Carriage rate
significantly higher than that in Shike (Xza 13.17
16.71) and Kano (X2 = 38,55 P »0.01) but there is

significant difference between carrisge rate in Sh

meningitidig

and non-immunized children in parts of Kano State,

Table 1b shows the carriage rete of U.

(X2 = 3.86 P»0.05) shows that that carriage rate
immunized children is higher than in immunized chi
Table 2 shows the sex distribution of carriage

the parts of Northern Nigeria surveyed, A t-test s

significant difference, between sexes at all age-gr

carriage rates of N. meningitidis.

Tables 3 to 5 and figures 1 to 3 show the ag%

Menin

of carriage rates in the locations surveyed.
carriage rates increased progressively with age 1ir
(17.67% sSD = 5.0, 26,39 with SD = 6.80, 31.70% wifh

(ol

in Zaris

P >» 0.01)

)% with =
Paged 7, 58%

13

no

L ka

and Keno.
in immunizec
A X°- tost

in non-

ldren.

rates in
hows no
cups, in
distribution
gococcal
Zaria

3G

SD = 7.3L 1

-7, 8 - 10, 11 = 13 gnd 14 - 1€

36.67% with SD = 10,79 at 5
years of age respectively), Shika (6.91% with 3D % 0.3},
13.19% with SD = 0.23, 14.56% with SD = 0,38 and }6.67 with

S =0, at 5§ « 7, 8 = 10, 11 = 13 and 1} - 16 yes]
respectively) and Kano (l4.33% with SD = 4,04, 8.6
Sh = 5,26, 13.33% and 14.28% at & = 7, 8 - 10, 11
1 - 16 years of age respectively. Carriage in c

years and older was significantly more common thahn

s of age
p% with
- 13 and

nildren 11

in five



= BF =

to ten year old children in all thre<¢ locations sur

(x% = 4.29, 4.9 and = 3.89

Kano respectively).

P> 0.05)in Zaria, Sh

Table 6 shows the prevalence of each serogroup

meningitidis in the three locztions surveyed.

In Zaria, serogroups C and A renked higher than sern

(1(2 = 16,10 and 9.7 P >0.01 respectively) and X

and 11,41 P ?0.01 respectively). But there is no

difference in carriage between A and C,

There is ¢

veyed

iLa and

¥

of I,
ogroups D

dx® = 18.05
significent

lso no

significant difference between these two serogroupg and all the

categories of non-groupable meningococcal encounten

survey (i.e. poly-agglutinable, auto agglutinable,
agglutinable and non-agglutinable strains),

C was the only serogroup encountered,

W135 were not isoleted. There is no significant d
between serogroup C and all categories of non-grou
meningococci encountered in this survey. Non-grou

meningococci strains accounted for 51,.2% in Zaria,

in Kano and 70.3% in Shika, of the strains isolate

Tables 7 = 9 show the age-group distribution
of each serogroup
No significant difference wss observed in the carn
between serogroups et all age - groups except that

tend to be higher in all age groups.
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The mean log2 group A meningococcal bacterici
antibody titre found in the sera of heal thy Nigeri
aged 3 - 6 yesrs, 3 years after vaccination with 5

group A and 50 rg of group C meningococcal polysac

1.09) while that of age-ma
0.89).

vaceines was 5,70 {oD

controls (not vaccinated) was ;.09 (5D
children aged 7 -.13 yesrs old had a mean Jog, bag
titre of 7.86 (SD = 0.9l ). These are all indicats
10 and figures 7 - 9 show the digtribution of the
antibody titres in the sers sampled. A t~test sho
significant difference between the meam log, baclg
antibody titres recorded for the age groups indics
The mean log2 group A meningococcal antibody titrs
vaccinated children sged 2 - 9 wsas still significd
than that of age-matched controls 3 years after vd
{t 98 £0.05) = 8,01 P»0,0%1), Of the 53 control
sampled five were carriers but none carried group
Sixty-nine vaccinated pupils were also sampled ang
them were also carriers. None, however, carried 4
but two were carriers of group C. £11 five carrig

have low-titre antibody (1.32 or less).
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DISCUSSION

The average carriage rate of N. meningitidis in

school children whose ages range from 5-16 yeers in Zariz
was found to be 24.68% (SD = 1.33). In Shiks it was
12.60% (SD = 0.31) while thet in Kano area was found to
be 7.88% (3D = ;.62)., Previous reports on carriage rates
both in Nigeria and elsewhere have been rather
conflicting. However, the values obteined in all the
locrtions surveyed fall within the ranges previously
reported by some workers. Fraser and co-workers (1973),
reported a cerriage rate of 2% in the United States in
civilian population while Altmann et al (1973) reported
60% in closed populations such as militsry establishments
and schools. Gold et gl, (1978), reported 2 carriege
rate of 5.4% in children aged 14-17 years old in Danbury,
Toun. ULS.A., Njoku-Obi & fAgbo (1976) recorded an overall
cerriage rate of 10% in parts of Eastern Nigeris.

The higher carriage retes in children recorded in this
survey is expected, as frctors associated with poverty
(1ike over crowding, filth, malnutrition etc) which
increases the risgsk of contracting the infection, whether
symptomatic or asymptomatic, (Fraser et a}, 1973;

Herman and Keynan, 1980) are more with us, here in

#frice than in the developed parts of the world where
some 0l Lo --u?fes reported here were undertaken.

Our values, however, fall within the range previously

reported by some workers in Nigeria. for example,
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Sanborn et al,(1972), in Northern Nigeria, reported =
carriage rate of 34% during the middle of the dry secason
and 7% at the end of the dry season.

Moreover, differences in epidemiological factors
(such as endemicity of the disease in this pert of
Africa) probably contributed to the higher cerriage r:tes
recorded in this survey. The mean carriage rete of
group A obtained in this age range was l,37% (SD = 1.07)
in Zaria, This velue is fairly close to the value
reported by Hassan King et al (1979) who recorded a value
of 3% in Zaria, Northern Nigeria. However, this lestter
study included data from adults as well as children.

This probably centributed to the slight difference.

Overall carriage rate is higher in Zaria than in the
other two locations. This is probsbly due to the fact
thet most of the pupils sampled in Kano area have been
previously immunized against groups f£ znd C meningococci.
Carriage rate in Keno area renked lowest in all three
locations, however a t-test shows no significant
difference in carrisge rates between Shika and Kano.
Gotschlich end co-workers (1969) asserted thet systemic
immunization with group C polysaccharide gives rise to
increased local defenses in the nasopharynx against
meningococci as evidenced by the fact that a significently
lower percentage of vaccinated recruits became carriers
of éroup C meningococci when compared to the control
group. The same should also apply to immunization with

group A polysaccharide vaccines, as the level of antibody
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induced by group / immunization have been shown to be
higher and persists longer than that induced by group C
vaccine (Lepow et 21, 1977, Greenwood gt al, 1980).

There is no history of a2 previocus immunization of
the children sampled in Zaria and Shika. Sleeping
proximity (Herman and Keynan, 1980) and the poorer living
conditions of those pupils sampled in Zaria compared
to those sampled in Shika and Kano areas, probably also
contributed to the higher carriage rate observed in Zeris
as the former group of pupils are boarders who live snc
sleep in overcrowded rooms and earn their living from
begging for alms compsred to the others who ere cared for
by their parents.

Carriage rate of serogroup C ranked highest in all
locations. This was closely followed by serogroup / in
Zaria, though A was not isolated in Shikes end parts of
Kano State. This is probebly due to the fsct that most
of the epidemics that have been recorded in this ares
are due to these two serogroups. /[/n epidemic due to
serogroup C meningococci was recorded in Northern Nigeris
in 1975 by Whittle et al end one of the most recent
recorded epidemic witnessed in this area was due to
group / organisms (Greenwood et 2l,1979). One of the
ways of acguiring the carriage status, as earlier
explained is through exposure tec meningococci whether
virulent or avirulent, though the factors thet govern
susceptibility to symptometic infection is unknown.

There was no significant difference in

meningococcal carriage retes between sexes in all age-
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groups. Reports on influence of sex on carriage rate are
also conflicting. However, this report is in agreement
with that of Gold et al (1978), but Greenfield gt al, 1971,
reported that adult males were the most frequent carriers
while Hassan-King et 21,(1979), reported thet older women
were more often carriers than men. No literature teo dete
to our knowledge has, however, shown any Llink between
carriage status and the sex chromosomes or hormones.
Furthermore, our observation suggests a significant
increase, with age group in carriage rate of meningococci
in Zaria, Shika 2nd Kano. These results are in agreement
with those of other workers viz Gold et al, (1978),
Hassan-King et al, {(1979), Njoku-0bi et al, (1976).

The factors responsible for the age-related variations in

carriage rates of N. meningitidis are still unknown,

Increased opportunity for exposure to other carriers might
help explain the increassed prevalence of N. meningitidis

with age, Gold et al (1978).
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pPrevious reports of other workers have explaincd tre
occurence of the various categories of non-groupeblc
meningococel isolates similar to those obteined in
this survey. They accounted for 51.2% of those in
7apia 69% in Kano and 70.3% of those obtained in Shike.
These are also fairly nesr values reported by other
workers in this regard. Sippel and Girgls (1978)
recorded about 51,3% of non-groupable meningococci fron
carriers. Gold et al (1978) also recorded sbout 59.5%
of non-groupable meningococci from carrier surveys in
children aged 3 montns to 17 years old.

Goldschneider et el, (1969), regarded the non-
groupable strains as avirulent since none has ever bech
isolated from petients. Sippel end Girgls, (1978),
explained that the polyagglutinable and multiple
agglutinable streins had more than one group-specific
antigen as shown by counter immuno—electrophoresis of
culture filterates. They 8lso0 suggested that the non-
typable strains i.e. those that were not agglutinated by
any of the antisera were rough strains (i.e. lacking
capsules) of one or more of the capsulated strains.

The two major problems encountered in slide
agglutinotion, i.e. non-specific cross-reactivity and
spontaneously agglutineble strains (Craven gt 21, 1978)
were also encountered in this survey. The latter of
these two problems was found to be reduced by growing
the organisms overnight in tryptic soy broth end then

using the broth cultures for the agglutination reactions.
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tests include decreased ability to degrade glucese =nd,/u

maltose by meningococci, contamination with other
bacteria which degrade glucose and poor growth, or

even death of the organisms under examination. As 2

result, all the isolates were, irrespective of the sugesr

fermentation reactions, serogrouped to circumvent the
experimental error that would have resulted from wrong
Judgement based on these reactions.

The duration of post-immunization immunity is not

known with certainty though aveileble data for group .

m

The problems encountered with the sugar fermentatic

5

vaccine suggest a period of 1 - 3 years protection, while

protection from Group C vaccine last for about a year,
(Lepow et gl, 1977; Galezka, 1982), Greenwood et al
(1980) found low levels of antibody to group £ and C

meningococcal polysaccharides 2 years after immunizetion

using the hemagglutination techniaue but found very hig!

levels in those same sera, using the radioimmunoassay
method in ffrican villagers.

In the present study, the average bactericidal
antibody level in immunized children was about two
times higher than the bactericidal antibody level in

the non- immunized control group (see Table No. 10).

Consistently 100% of immunized children in the age ~rouc

7=-13 yeers had such high levels of bactericidal

antbodies, while 96% of immunized children between the

ages of 3~6 years had comparably similar high levels of

bactericidal antibodies in contrast with similar non-

i

)
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immunized age range (3-6 Years), 57/ of whom had levcls
of bactericidal antibodies ebout 2 folds lgwer than the
mean in immunized groups. In the control group, obout
26% of the number investigated had no tracgable amount
of bactericidal antibodies. This findings|compares
favourably with the results of Greenwood et al, (1980;
in their radioimmunoassay studies.

The proportion of persons in any population with
antibody levels zbove a certesin "Protectiv%“ level may
be a better reflection of immunity from infection th:n
the mean antibody level (Kaythy et al, 198@). in antibody

concentration of 2rg/ml, (Lepow et 21, 19%?) or a

bactericidal log, titre of I (Goldschneidgr et al, 1G6G)
which is the mean antibody level in adulft [population,

has been assccisted with protection againqt meningoceoccel
disease (Goldschn~ider et al I, 1969). imbrosch et zl
(1977), however recorded a mean log, bactericidal titre
of 6,2 in non-immunized adults. The différence in the
findings of these two groups of workers i# two doubling
dilutions but the reasons for the difference is not
apparent since botl groups cof workers usefl the sanme
complement-dependent bactericidal asntibody assay method,
If we take the lower log, bactericidal entibody titre of
4 obtained by Goldschneider gt 2l (1969) Es our standsrd,
about 96% of immunized children aged 3-6 fyeers hnad a

protective anti-f meningococcal antibody [titre three
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ycers ofL.r vaccination whilc 21l the children ~gea

still had proti.ctive livels of sntimeninpococeal an

The values ere frirly close to errlicr valucs repor

aoythy ¢t a1l (1980) and Lepow ¢t =1, (1977). If we
mern antibody titre of 1:6) (lop, of volui = €.7) i
obtrined by fmbrosch gt 21, (1978), es our stendnrd

9
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the non-ionunized children eged - 6 yernrs had thi

bectiricidal antibody while 66. of the immunizca ch
this srme sge group still had this level of bectori
antibody three years oftir imaunization. /bout 95,
pged 7 - 13 yeors still hed this protoctive titre o

The results, bhere, howevir show & highcr poercc
non=-immnized chilaren comprrcd to the findings of
of workirs rcferred to rbove. This probebly resul
fact thst most of the chilcren in Africe nre nore ¢
meningococci and oth' r bretiric that cross-react wi
groups of meningncocci then children in developed
world.,

It is important to mention hcere that whorces,
hemagglutination tecchnioue nor redioimmunoassay to
be assumed to measure brctericidel entibodies in t
technicue which mensured spocificelly bactericidel
ectivity of the sera is assumed to be a morc recliai
the state of meningococcal iummunity amongst thne chi
that the pereis

investigated., The results indicrte

antibodies to meningococcl depond on age o7 the med)
boctericidel antibody to proup / meningococci wre h
children aged 7 - 13 yerrs old at veccinstion than

ared 3 - 6 yeers old (t 67 (0.05) = 7.83).
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Our findings reveal that most carrierg have low

antibody titre (i.e. 1.32 or less), and none of then
carried group /. meningococci, This observ#tion is
compatible with the findings of Goldschnei&er et al,
(1969), who found that vaccination reduces|the
carriage rate of Neisseria meningitidis. t further

implied that mess immunization campaign with divalent

groups A anc C vaccine appear to eradicate|group £

carriege in school children, while reduciné

considerably the rate of serogroup C carrisge in similer

age range,
Goldschneider et 8l1,{(II 1969) and Reller et al,

(1973) had also, earlier reported that, in|addition to

forming bactericidal antibodies to their own strains,

carriers of Neisseria meningitidis also p|oduce
ltrains of

cross~reacting antibodies to hetercglogous
Pathogenic meningococci. These workers asferted that
the development of bactericidal antibodies1to sercgroups

of Neisseria meningitidis other than that|of the
1

homelegous carrier strain indicates that other antigens,
in addition to group specific polysacchari#es antigens,
are involved in immune sensitisation to meningococci

during the carrier State. The results of gur investigetion
agrees with the findings of Goldschneider gt al, (II,
1969), and further reveal the complete absgnce of

Neisseria meningitidis groups /i, D and X in some areas

vaccine,

where vaccination were carried out with divyalent
meningococcal groups A and C polysaccharid
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CONCLUSIONS

The results from this survey indicate p fairly high

carriage rate of Neisseria meningitidis in fthe school - = e

children surveyed, particularly those in 1s&amic Schools,
who sleep in overcrowded rooms #nd live under poor

[
sanitary conditions. Efforts should be made to vaccinate

these latter group of children. 1

Mass vaccination cempaigns against meningococcel
meningitis has been in progress in parts of| Northem Nigeria
since 1977 and the results so fer have bee% encouraging.
There has not been reports of any epidemic hn the last
three years., However, there are still some issues that nocd
to be resolved before rational plans can be made for mass
immunization programmes particularly in the /frican
meningitis belt. £ more detailed information on the
immune response of people living in this part of the wo~ld
is required, One way of evaluating the clinical efficscy
of meningococcal vaccines is to monitor at lvarying periods
the post-vaccination antibody levels in vadcinated
individuels. The results of this survey iAdicate that
group / antibody could persist for three ydars and even
longer in children aged 3 - 10 years old atf vaccination.

In addition group / carriage seem to have disappeared in
the vaccinated children, this suggests perhaps some

relationship between immunization and carrier rate.

l
I
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Lt present, there is also the problem|of who,
exactly, should be giliven meningococcal vacg¢ines and
whether booster does are necessary for certain age -
groups or not. There is also the problem ¢f the changing

pattern of the serogroups responsible for gpidemics.

L. polysaccharide vaccine containing the polysaccharide
entigens of all the disease-causing serogrdups, may
therefore be necessary for complete eradication of

meningococcal disease.
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TABLE 1: Reactions of Isolates from Islamic School

Tudunwadasa ,

Zaria,
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TABLE 2: Reactions of Isclates From Islamic School
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95 - - - - + o+ + + + + - - c C
98 - - - - + o+ + - + o+ - - pfctrtet

TLBLE 3: Reactions of Isglates From Islamic.
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School Xongo, Zaria

5 udlal, GRAM ONPG OXLDASE | DeXTROSE [MALTOSL SUCROSK Senliaue
WUM 3t | REACTLON JABACTION | ABACTION| FERMENTA~ | FERMENTA= | FERMBLNTA
TION TLON LLON
a b a 0 a b a b a o) a [} & 0
p - - - - + + + + + + - - Phyg PAg
L - - - - + + + + + + - - C v
3) - - - - + + + + + + - - PAg Pag
7 - - - - + o+ + o+ + 4 - - NA A
10 - - - * + |s+ s+ v - - A A
15 - - - - + + + o+ + + - - c U
16 -~ - S " - - - - ¢ ¢
29 - - - - + o+ + + + + - - C C
15 - - - - + 4 + o+ + o+ -{ - C C
37 - - - - + -+ + + + + -? - c C
38 - - - - + + * + + o+ —i - A A
42 - - - - + o+ - - + o+ - - PAg Pag
50 - - - - + o+ + 4+ - - - . Abhg  hAg
54 - - - - + + + + +, + -} - AAgz  AAg
55 - - - - + o« + o+ . 4 - - PAg Phag
59 - - - - + + t + + + - - AAg AAg
63 - - - - + + |No growth|No growth]No growth AYeTT At
66 - - - - + + + * + - - = NA N
67 - - - - ; + + + + + —1 - A A
70 - - - - + o+ - o+ + o+ - - Ahg  Ahg
71 - - - - + + + + + + —: - NA, Na
77 - - - - + + + + - - - - C C
50 - - - - -+ + + + + - - - Y c
g6 - | - - - - + + [wo growth|No growth|No growth A i
94 I.;HM:: = e e + - + o+ - - Phg Phg
95 - - - - + + No growth| + + - - CTTAYY oL
TAdLE 41 Reactions of Isolates From Islamic
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Sorlal GRAM ONPG OXIDASE [DEXTROSE [MALTOSE \éT-JCROSEI SEROG.L0UP
NUMd i, REACTLON | REACTION [ REACTION | FERMENTA~ [FERMENTia~! FERMENTA—~
_ TLON TION | TION
B’ o] a b a b a [¢) a 5 a b a -
4 - - - - + + + + + + - - g Rhag
- - - - +  + + 4 + o+ « o+ NA  Na
- - - - + + + + + + - - Nia Naa
10 - - - - « o+ + o+ + o+ + - ¢ ¢
18 - - - - + + + + + + - - c C
25 - - - - + + + + + + - - iy A
26 - - - - o + + + + + - - C C
28 - - - - + + - - + + - - C C
29 - - - - + + + + + + - - G C
31 - - - - + + + + + + - - C
15 - - - - + + - + + + - - Pag Piy
Lo - - - - + + - - - - - - AR iy
53 - - - - + + + + +* + - - C C
57 - - - - + + - - * + - - b, dakay
59 - - - - + + + + + + - - A &
72 - - - - + + + + + + - - JovrLy FIN G
7l - - - - -+ + + + + + - - ia A
79 - - - - + o+ + - + + - - Pii;  Pag
80 - - - - + + + + + + - - A N
B8 - - - - + + s+ s+ + + - - Pig Phyy
91 - - - - + + + + + + - - Adags mesg
92 - - - - + o+ - - + + - - AN M
99 Y P P [+ « - = |atstet mraTe
100 - - - - I+ 4 + 1 - = asTcT LT

‘Fiandli %3 Heactions of Isolates From Islamic

School, Kongo, Zoris . -
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baxLad GriaM ONPG OALDASE DEXTROSE MALTOSE SUCAOSE SEAOGAGUP

NUMI3ER REACTION RKBACTION weELCTION gfigﬂmlﬂ’l‘h— F';’.:RMENTA- FERMEN fh-
TLON TION —
X a b a b a b @ L a rb "a b a g
) |
9 - - - - + % + o+ + + - - o} 3!
ik - - - - + + - + - + - - C -
17 - - - - + o+ + o+ + + - - hhf sdsig
18 - - - - + + No growth No growth | - - NA Wi
21 - - - - + o+ + o+ + + - - ate? stet
22 - - - - + ¥ + o+ + + i - - C c
25 - - - - + 4+ + o+ + + - - a¥st Lty
55 - - - - + + + + + + - - b e
58 - - - - + + - - + * | - - Naa Pl
a1 - - - - - o+ + - + * SO Na Ni
100 - - - - + + + o+ + + - - Na N
106 - - v - + + + * - + - - Pig Pirg]
107 - - - - + + + + + + - - st Dby
111 - - - - + o+ + o+ No growth No growth hhg iy
114 - - - - + -+ + + + + * + s¥eT 3t
Thdiit 6: Reactions of Isolates From fslamic Schools 182

Shika
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buLAL GrtaM ONPG OXIDASE |DeXTROSE |MaWLTOSE SUCKHOSE SkAOGXOUF
AUM3LK | REACTION | tEACTION |wdwusCTLON | FarMENT AL~ | FluMiNTAa~ [ FERMENTA~
TLON TLON TION
a b a b a b a & a t a b a 0
5 - - - - + + + + + + - - Ni Mia
12 - - - - + + + + No growth |No growth| Nia Nha
4 - - - - + + + + + + - - L& C
23a - - - - + + + + & + - - VN
P - - - - + + No gpowth |[Ne growth| - - Phg PhAg
2 - - - - + + + + + + - - C C
473 - - - - + + - - v - - - NAa Nis
51 - - - - + + + - - + - - AWE s
61 - e - - + - + + + + - - c e
62 - - - - + + + + + + - - C C
35 - - - - - . + - “+ + - + Phg Pup
88 - - - - S + + R + -+ - - C C

indle (3 Reactions of

Isolates From ILslamic

bchools 2 & 3 Shika
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Senlal GrtaM ONPG OXIDidSE | 2eXTR0Sk MalLTOSE [SUCRUSLE SkaLUUL
NUM32R | REACTION | REACTION | fEuaCTILION| FEAMENTA- | FoMeNTa- | FhaMENTS-
o ILON LION TION
a D a b a b a b a D a b a D
4 - - - - + + - - + + - - Phg P.g
14 - - - - + . . v + o - - PAg Pag
26 - - - - + * No growth| + + - - Piag Pag
37 - - - - + o+ + o+ + + - - c C
53 - - - - + + + + + - w - C C
TidLk 8
Reactions of Isolates From a Primary School in Dambatta, Kano Statc
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ST AL GruaM ONPG OXIDASkE §DELTROSE |MaLTOSK SUGROSE SL0GAOUL
‘NUMAER { REACTLON | xBACTION JREACTION | FEEMENTA~ | FERMaNTA- | FrcdaNT i~
TLON TLUN TION —
‘a b a st a b a 4] a b a D a )
Le - - - - - + + + + + - - C ¢
5¢ - - - - + o+ + o+ + + : - - C C
5b - - - - + + + + + + | - - Pig Poy,
10a - - - - * + + + + + ! - - c ¢
13b - - - - + + + -+ + + - - Nia Ne
18¢ - - - - I+ » + * No growth} - - AXE g
:20b - - - - + o+ + o+ + « |'- - ate® J7¢”
21a - - - - + + + - + - - Nia Nia
27b - - - - + + + o+ + +* - - NA Nas
29b - - - - + + + + + * - - g adg
30a - - - - + + + + + + - - C C
10c - - - - + + + + + - - - C C
32b - - - - + o+ + o+ + + |+ + LG adag
14 - - - - + + + + + + |- - Néa Nia
i
TalLE 98 MlReactions of Isclates From Primary Schools in Harbura Gabas

and in Kano State.
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SuLal ONPG OXIDASE |DEXTROSE | MALTOSE SUCROSE SEROGROUP
NUmd e | miaCTION |REACTION |REACTLON |[FERMENTA-| FERMENTia-| FERMIENTA~
TION TION TLON
a D a b a 8] a o a b a o
_—
5b - - + + + B + + = - o 1
ba - - + + - + + rt - - ., C \
&b - - + + + + + + No growtn Cc C
16a - - e o+ |+ 4+ + + | - - c*p* ¢
20b - - + + * 3 + + - - Piug Py
3a - = + o+ + o+ + + - - Pay, Pag
49 - - + o+ + B - - - Ang, sy
tadll 103 deactions of Isolates From Primary Schools in Kano Statle
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APPENDIX 3

FORMULA FOR DULBECCO'S PHOSPAATE SUFFERED SATINE
SOLUTION A

Kel - 0.2g
KAP , - 1.15¢
Distilled water - 1,000ml.
1% .equeous phenol red - 1 or 2
drops or until solution is pale
pink., Distribute in 100ml amounts and autoclave at 15ibs.
presure for 20 minutes. Store at W°c.
SOLUTLION 3
Ca012 - 0.2g.
hg012.6ﬁ20 - 0.28.
Distilled water - 100ml.
Dispense in 2.5ml amounts in bi joux and sterilise for 20
minutes at 15lbs. presure. Store at 4°c.

add 0.5m1 of solution 3 to 100ml of solution A, to make a «

complete solution.



o ——
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L]

. y
WA

1% saqueous Phenol Red

Phenol red - 10g.

N/10 Naoh - 325ml.

Distilled water - 1000ml,

Distributed in 100ml amounts and autoglave at

Pressure for 15 minutes,

15ibs.
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APPENDIX &4

FORMULA FOR BTANDARD DEVLATION AND STUDENT TO TEST

Standard deviation S5 =

>

where d =
I =
N =

t = (ml

where wm
1

Pooled deviation s is given by the formala.

=]

2 _

f £a?

i N=1

deviation from the mean.

o
.

frequency,

total number of observations.

- m2)/8 ] + 1
ni "ne

sample mean.

no of observations.

poded deviation of the two variables,

2 2
(n1—1) s, (nzwl) 52

ni+n2 - 2

where 51 & 8, represent the standard deviation of the two

sets of variables.
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Appendix 5 Formulz for X' test ond the statistical

celculations for the anelysis of results

Observed With ¥ithout Total
No s Characteristic Characteristic
Sample 1 a b (2 + b)
Sample 2 € d (c + d)
a + c b + d N
2 2
Test as X = N (ad - bc)
(a+b)(a+c)(b+d)(c+d)

Where there are entries of 5 or less on the 2 x 2

contingency table, then,

X> =  N(Iad - bcl - M)
(a+b)(c+d)(a+c)(b+d)
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Zaria - Kano

Carriers Non Carriers Total
124 378 502
2€ 306 332
150 684 834
X° = 83 (379Lh - 9828)° 79050945 x 10 x 83l
¢ b
502 x 150 x 68l x 332 65928488 x 10 -
17099726 x 10
= 38,55 Significant
Shika - Kano
Carriers Non Carriers Total
27 187 210,
26 306 332
53 493 5L6
2 2 2
h 4 = cu6 (LBE2 - B262) 63117600 x 10

214 x 53 x 493 x 332

18564131 x 102

3.40 Slightly Significant



w 4T

Zaria

- Shika

x2

=

Carriers Non Carriers Total
124 378 502
27 187 2L
151 565 716

= 716 (23188 - 10206)°

502 x 151 x 565 x 214 =

12066914

X

91€52198

X

Toas
= 13,17

10°

Significant
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Age Distribution of Carriers

a) Zaria
€ grou Years Carricrs Non~carriers Total
5 -~ 10 88 302 390
11 =16 36 76 112
124 378 502
T2 = 502 (6688 - 10872)2
390 x 124 x 378 x 112
= 4039
Significant at 95% level
o) ghika
ge group (Years) Carriers Non-carriers Total
5 =10 11 100 111
11 - 16 16 81 _103
27 187 | 214
¥ = 214 (765 = 1926)°
111 x 27 x 187 x 103
= 419 )
: Significant at 9574 level
) Kano
fige group {Years) Carriers Non-carriers Total
5 =10 22 281 303
11 -« 16 4 25 29
26 306 332
X° = 332 (864 - 2064)°
303 x 26 x 306 x 29
= 3-89

Simificant ot leval
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Prcvalonce of Ucerogsrouns

Zeria

C and D

Cerriers “on carriers Total
29 73 502
5 ), 07 r0?
3[!- 970 1 'OO!|

2 - - o - :)
X = 1004 (23€5 - 1413) - 502) = 13331011 x 10 x 100

502 x 3 x 970 x 502 "H3110919 x 10 7

I
= 13301335 x 10 16.10 usignificent

83110919 x 10°

C _and X
Carricrs Non carricers Totel

29 173 502

L ;98 502

33 971 1000,
%2 = 1004 (1892 = VL2 - 502)° b
. ‘ Lo HILE - - 1573491 x 10

502 x 33 x 971 x 502 807),9641 x 10°

= 18,05 Significont,
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A and D
Carriers Non carriers Total
{
22 180 502
{
—2 97 _502
27 977 1100&
%% = 100k (10934 - 2400 - 502)° 5 3
= " Vel o BYT771076 x 10
502 x 27 x 977 x 502 66476135 x 107
= 9.7L Significani
|
- |
A __and X
Carriers Non carriers Total
22 1,80 502
L 498 Soé
26 978 100
%2 - 100, (1920 ~ 10956 - 502)° - 3
- : 2 ; = 73 20]-].72 x 10
2

502 x 26 x 978 x 502 64079577 x 10

11.47 Significant.
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Bactericidal antibody titres (f - test)

(a) HNon-immunized and immunized at age 3 - 6 years
[

Nen-immunized immunized!
Mean .09 5.70
SD 0.89 1.09
n 52 L6
t = 1.61

sp | 0.022 + 0.019

Sp = |52 (0.89°) + L& (1,09%)
98
- 0.99
£ = 1.6

= 8.01
0.89 x 0.203

tabulated t at 98°F at 99% level of probpbility

is 3.37 so the result is significant,




Difference in means of antibody titres between

age groups in _vaccinated _ . _children
Age group 3 - 6 years Age group 7 - 13 yeers
Mean 5. 7 7. 86
n L7 22
t = 2.16

Sp 0.022 + 0,048

Sp =
46 (1.09%) + 21 (0.94°) = 1,046
67
t= 2,16
1,046 x 0,264
= 7083

tabulated t at 67 degrees of freedom and
at 99% probability level = 3.46 so the difference

is significant.



