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ABSTRACT

A study was made of the epidemiology of the meningococcus

in farnilies in Manítoba. This íncluded a determínarion of (l)

the disÈribution of cases, (2) the risk of infection for in-

dividuals at varíous levels of association with an index case,

(3) the effect of minocycline and sulfisoxazole on the carrier

staËe' and (4) a description of antibody response following

meningococcal dísesse as measured by Èhe indirect hemagglutinaÈíon

LETL¡

Meningococcal disease occurred with increased frequency among

Ëhe native rndian population and low íncome families. The highest

incidence of cases occurred in March, April and May in children

under the age of two years.

TIíoh nnrriaog ¡¿¡gs vlere observed in the families of câseswerç vuÐst vEu III LItc Iall-__

however, no increased risk of i-nfection was d.emonstrated. for

nursing staff or students who are associated wíth cases or carriers

of meningococcus.

Minocyclíne or sulfisoxazole was gíven ro 69 asymptomat.ic

carriers of N. meningitidis. Nasopharyngeal- cultures, taken at

regular íntervals following therapy, showed minocycline to be

effective in eradicatíng Ëhe carríer state ín 75 per cent of the

study group. ThÍs v¡as the same rate of reduction achieved when

sulfisoxazol-e was used to treat carriers of sulfonamíde sensitive

strains of meningococcus. The presence of resístant strains ín

Ëhis community, further reduces the effect of sulfísoxazole.



Hemagglutinating antíbody Lítres were determined in sera

of patienËs with bacteriologically confirmed meníngococcal

disease. The indirect hemagglutinatíon t.est \^ras group specífic,

and sensitíve enough to deÈect an anËibody response in 75 per

cent of the convalescent sera.
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I. INTRODUCTION



The first description of !,/hat \,/as probably meningococcal

disease in epídemíc form \¡/as reported in Genevau Swítzerland

by Víeusseux in lB05 and in NorLh America at Medfield, Mass. in

1806. Outbreaks of disease vrere reported in Inlestern Europe and

Uníted SÈat.es during the next 75 years, whÍch, on this basis of

clinícal and epidemiological daLa, may be presumed to be meningo-

coccal infection. (Feldman, 1966)

Since i^Ieíchselbaumts isolation and descríption of Neisseria

meníngÍtidis in 1887, sporadíc cases as well as epidemics of

documented meningococcal disease have occurred Ëhroughout Ëhe

temperate and tropÍcal- areas of the world.

In North Ameríca, peaks in incidence of cases have occurred

in 1918, L929, 1936 and L945. The high rates reporred in 1918 and

in 1945 üIere extensions of pandemics of meningococcal disease that

occurred during l,,iorld I^lar I and again duríng World I¡Iar II. Since

1953, the incidence of meningococcal dÍsease Ín Ëhe United States

has been at a steady low level, and no major epidemics have occurred

duríng Ëhis Ëime. Annual incidence for the epídemiological years

1960 - 1961 through 1968 - L969 varied from a 1ov¡ of 1"18 per

100r000 population to a hígh of I.77 per 100,000 population. (Bennert

eË al, 1969).

Simílar rates have been reported for Canada, During the 10

year period from 1960 to 7969, a yearly íncÍdence of less rhan one



-2-

per 100,000 population vras reported" (NoLifiable Díseases, 1970)

During those ten years the incidence of meningococcal disease in

the province of Manitoba paralleled that of the resË of Canada

r,iith 3 to 11 cases reported each year. (Table I) However, in 1970

it bêcame evidence ËhaË Manítoba was experiencing an increased in-

cidence of meningococcal disease. Thirty-eight cases were reported

representíng an annual íncidence almost four tímes greater than rates

reported during the prevÍous 10 years. (Ronald et al, 1971) The

incidence for Canada for 1970 was one per 100,000 population. IË

appeared that Lhe increase in cases in Manitoba was not being

experienced elsewhere in Canada.

Preliminary identification of some of the strains of Neissería

meningitidis ísolated in this province revealed a second disturbing

fact: more than half of the isolates \47ere ídentifíed as serogroup A.

This group has not been prevalent ín North Ameríca for more than 20

years and has, hístorically at least, been associated with all major

epidemÍcs of meningococcal disease. (Ronald et al, 1972) In view of

this information, a study of the epÍdemíology of the meníngococcus in

Manitoba apDeared to be r¡Tarranted.

Rênôrtq thr¡ þ¿ys appeared whíle our study was ín progress

indícate that this trend toward an íncreased íncidence of disease is

now being experienced elsei¡here ín Canada. Newfoundland (Severs , 1972),

. f t t r 
^-^\ 

t$Ontario (Joshua, I972) as well as BritÍsh Columbia (Notifiable Diseases,

I972) have all experienced a rise in the incidence of meningococcal
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TABLE I

MENINGOCOCCAI, D]SEASE IN CANADA AND THE PROVINCE OF MANITOBA*

Rate/100,000 Manitoba Rate/100.000

1960

196I

L962

]-963

7964

L965

L966

l-967

r96B

L969

r97 0

T97L

158

L20

110

111

115

BB

B5

105

96

r53

205

209

0.9

0.7

0.6

0.6

0.6

0.4

0.4

0.5

0.5

0,7

1.0

1.0

9

Cr

11

L

9

tt

5

?

9

8

3B

6I

1.0

0.7

r.2

0.2

0.9

0.6

n(

n?

0.9

0.8

?o

* from Notifiable Díseases. 7970.
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disease. The cumulatíve Ëota1s of rg72 over 1971 for canada

show more than a 200 per cent inc,rease.

unfortunately, serogrouping of al1 isolates had. not been

performed routinely in other provínces, makíng it impossible to

determíne the degree Ëo which serogroup A was responsible for this

increase" one identificatíon of group A meningococcus in ontario

(severs, 1972) suggests Ëhat it has not been confined to the province

of Manítoba.

As the íncidence of meningococcal disease increases. the

continual problems of management of índíviduals exposed to a case

and of eradicaÈion of the nasopharyngeal carríer st.ate become

apparent. One of the objectives of this study i¡ras to provide ínfor_

matj-on to serve as a guideline in these instances" Thís included. an

assessment of the risk of infection, as well as an evaluation of the

effectiveness of currenÈ prophylactic therapy.

A limitation ín any sËudy concerned with the epidemiology of the

meningococcus ís the lack of bacteriological confirmaËion of infection

in many instances. A technically símple test, that is serogroup

specifíc and sensitive enough Lo identify the eËiology of a clinical

case or detect the asymptomatic carrier of meningococcus, would be an

ínvaluable laboratory too1. A second objective of thís investigation

r^Ias to evaluate the Índírect hemagglutinatíon test as an epidemiolog-

ical method in the study of group A meníngococcal infectíon in Èhis

provÍnce.
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Ðuring the course of t.his study the areas of investígation have

been:

1. a study of the distribution of meningococcal disease in L{anitoba

2. a determination of the risk of infecËion for índividuals at

varÍous levels of association wÍth the proband

3. a comparison of the efficacy of sulfísoxazole and minocycline

in eradicatins the carrier state

4 " an evaluation of the indirect hemagglutination test in t.erms

of its usefulness in detect.ing systemíc andfor nasopharyngeal

ínfection with group A meningococcus.



II. REVIEI^T OF THE LITERATURE
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SEROLOGICAL GROUPS OF MENINGOCOCCUS

Accordíng to Branham (1953) serologícal differences among

meningococci were first reported by Dopter ín 1969. In 1915,

Gordon and Murray separated the meningococci isolated from spinal

f1uíds into Types r, rr, rrr, and rv. Later ít became evident that

there vras no clear distinction betr¿een Type r and rrr. Duríng 1935-

7 t a prevíously unrecognízed group of meningococci became common in

the uníred srares. Branham ét al (1942) designated these srrains

Group II a1pha. The classificatíon of meningococcus was reviewed in

1950 by a subcommittee of the Nomenclature committee of the rnter-

national Association of Microbíologists " These serogroups are

currently designated as Groups A, B, c, and D which corresponds to

the prevíous classifícatíons of Group I, II, II alpha, and IV

respectively, which had been ín..common use since L940.

These four groups (Groups A, B, C, and D) historically, have

caused Ëhe majority of meningococcal dísease. several addítional

groups have been described by Slaterus (1961) and named x, y, and. z.

Evans et al (L967) recently described three ne\,ü groups isolated from

patienÈ.s rvith systemíc lnfectíon; Ëhese groups were designated Bo,

298, and 135. of the 843 meningococcal isolates studíed by Ehese

^,,+L^-^ /. a ..^.auLrrors . +. J pel cenE

B sÈraÍn, wâs shown Èo

\.,zere attributed Lo one of these strains.

be similar íf not identical to the Y strain

Sl-at.erus.of
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0f these s6rrn-rz:rinnfc flrogp A has been asSOgiaËed prinarily

with major outbreaks of meningitís. I^Iith the mobilization of the

U.S. forces in 1918, the disease appeared in epidemic proportions.

Duríng the FírsE l^lorld r¡Jar 21466 military personnel were admitted to

hospital in the United States wiËh meningococcal dísease. (Daníels,

1950). Branham et al (1937), in a study of the srrains of meníngo-

coccí recovered during thÍs period, reporËed that Type I and III

(Group A) represented 81.6 per cent of the st.rains studíed.

Figure I shows the number of cases of meningococcal disease

(in thousands) which occurred in the UniEed StaËes from 1920 to

L970, demonstrating peaks in incidence occurríng in 1929, 1936, and

L942. The peak shown t-n L929 reflects the massÍve epidemics beginning

ín 1928 and ending ín 1931, that ínvolved cívilían populations par-

tícularly in the Detroit and Inclíanapolis areas. Branham et al

(1942) reported on the sero-grouping of strains recovered from

spína1 fluíd of patients during this epídemic as well as those

recovered during the epidemic year of 1936. Eighty-one per cent of

the strains studied in 1929 and 89 per cent of those studíed ín 1936

were Type I and III (now designated Group A).

Pandemics of meningococcal disease occurred during the war years

1939 to L945. fn f.ha TT s l.hi q epidemic created serious medj_cal

problems for both the civilian and military personnel. Kuhns et al

(1943), in a sËudy of the sero-group of 800 isolates from blood or

spinal fluid, reported fhat 95 per cent \^rere Group A. A particularly

severe epidemic 'üras experienced in Chile during this pandemíc (1941-

L942) that was aËtribuËed to Group A meningococcus. Thís epídemic
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\^/as concentrated in the provínces of Santiago and Valparaiso.

Attack rates of 188.1 per 100,000 population ín Valparaíso and

26I.6 per 100,000 populaËion in Santiago \^/ere reported in 1942.

The st.raíns isolated in boLh ciLies vrere Group I and III. Groups

II and TV were not found. (Pizzí, L944> ,

In contrast to Group A, Group B and C are usually the predom-

ínant strains isolated duríng interepidemíc periods. Branham eE al

(f937), observed that the relative íncídence of Type II (Group B)

r¡ras greater dur j-ng the endemic years of. L932 - 1935. Additional

studies of sporadic cases (Sílverthorn et al, 79393 Cragg et al,1959)

and of smaller spidemics (Reed et al, 1966; Brisrow eË al, L945;

Gould eL a1, 1965)'have índicated a preponderance of Groups B and C.

Since 1953 the incidence of meníngococcal disease in North

America has been at a steady 1ow level and no major epidemics have

occurred during thís time. This is coincidental wiËh a low level

of Group A isolaËj-ons. In the United SËates, Group A meningococcus

accounted for less than 1 per cent of the total isolates recorded by

Ëhe Natíonal Communicable Dísease CenÈre in AËlanta, Georgia from

L966 - 1969 (Bennett et al, 1969). Tn other parts of the world,

however, Group A strains have continued to be responsible for epi-

demícs of meningococcal disease; thís is particularly evident j-n

.\Africa (Lefèvre et al, 1969) 
"

The maiorj tv of the câses ¡anarr-arl in t- ha rÌnited StateS SinCe

1950 have been due to Group B or Group C meníngococcus " From 1950
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to 1965, approxímately 90 per cent of Ëhe straíns isolated rnrere

Group B. However, Group C has now become the predominant straín

with 90 per cent of Ehe cases i¡ 1aÁa haino ¡t- t- rilrrrro'l Èa êrnrrn f,

sÈrains. Although there has been a change in the predominant sero-

group, there has been no recorded change in the incidence of

meningococcal disease (Bennett et a1, 1969).

An íncreased incídence of meningococcal disease in Manitoba

combined with the fact that more than half of the strains identified

have been sero-group Ae is very disturbing ín víew of the paSt

history of Group A meníngococcus.

NASOPHARYNGEAL CARRIAGE OF THE MENINGOCCICCUS

In addítíon to the serological types, the epídemiology of this

aroçni qm i q frrrthar nnmnl i aaløÃ lrrr ¡lra €n¡r rl-r-Ê i I jn€an+n m¡nrr!r !u! L¡¡u! uvrrr¡/rruoLçu uJ Lrle I4UL LII4L IL IITISULÞ rrrér¡J ,

but produces diseåse, ín rel-aËively few. Artenstein and Gold (1970)

þave suggested that for sero-groups B and C, the ratio of cases Lo

carriers may be as low as one case for every 1000 aquisions of

meníngococcus. Greenfield et a1 (1971), in a sÈudy carried out ín the

Syracuse area found the poínt prevalence of carriers to range from 4.9

per cenË to 10.6 per cent; the medían duration of carríage was deter-

mined Lo be 9.6 months" This data was obtained from a populatíon

of "normal?rfamilies, and during the study period there were no cases

of meningocoecal disease in any of the study homes. Rake et al (1934)

studied a group of individuals working at the Rockerfeller Institute

in New York Cíty, The 10 carriers díecovered in this group l¡lere



-11-

described as falling into three categories: chronic, intermittent,

and transient carriers. Half of these carriers carríed Ëhe same

sero-group for more than 2 years,

A number of ínvestisations have been carried out on civílían

populations rvhen cases of Group B disease v/ere present. Silverthorn

et al (1939) reported that 3l per cent of the immediate family of a

case carried meningococcus in the nasopharynx. The majority of strains

isolated in this sEudv from cases as well as conËact carriers \Árere

identified as Type II (Group B)" A sírnilar study by Cragg et a1,

(1959), concluded that meningococcal meningiLis in children is

associated with a hígh carríer rate åmong contacts. Seventeen of the

18 cases in this study were identified as being Group II (Group B).

Studies of'meningococcal carriage among rnilitary personnel have

been extensive for both epidemic and non epidernic periods (Aycock eE

f950; Reed et al, L966: Bristow et al, 1945; Millar et al, 1963;

Farrell et al, L966). Mílitary populatj-ons however, differ sÍgnífi-

cantly from Ëhe cívilian population ín terms of dístribution of sex,

ager and in the type of housing Lhey occupy. ConsequenËly, results

obtained from these investigations will not necessarily apply to

cíví1Ían populatíons.

There have been no reports of studies on civilian populations

during an interepidernic period when cases of Group A were prevalent.
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1ìROP}IYLAXIS

From ¡he l¿te 1Q?ôtc r.rhan lþsy T/¡ere f irst introduced, to

1963,. sulfadiazine remained the drug of choice for the treatment

of meningococcal dísease. Even after the discovery of penicillin,

sulfadíazine remaíned the drug of choice for the eradícaËion of the

carríer sËaLe and for use prophylactically. Duríng LrÏorld trrlar II,

Kuhns et al (1943) demonstrated that sulfadiazine, when admínistered

as a mass prophylactic duríng an epidemic, dramatically reduced the

c.arrier rates as well as the appearance of new cases. However, in

1963, Millar et al (1963) reported on a concentration of cases due

to sulladíazíne resistant organísms. This outbreak occurred at the

U.S. Naval Traíning Centre ín Sari Diego, and was atËríbuËed to sero-

group B sulfadiazine resistant. slrains. Since that time there have

been an Íncreasing number of reports of sulfadiazine resistance.

In Èhe past four years ín Ëhe United States, roughly half of

all Group B strains isolated at the National CommunÍcable Disease

Centre at Atlanta, Georgia have required coûcentrations in excess of

1.0 mg./tOO mf. of sulfadíazine Éo inhibir growth. Group B ísolates

are now out.numbered by strains belonging to group C" The proportion

of sulfonamide resistant group C organisms has Íncreased from 15 per

cent in 1966 to approximaËely 90 per cent in 1969. (Bennett er al,

L969) .

Epídemics of sulfonamide resistant Group A ínfections have

occurred in Africa in recent years. fn a meningiEis epidemíc in
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Greece jn 1968 lVassiliadis et al 'lq6q) QO npr cent of thest '¿v¿1,

isolates vrere Group A, only 3 per cent of which r,üere sensítive Lo

I mg./100 ml. of sulfadíazine. An epidemic in Meknes, Morocco,

which involved several thousand cases, was attributed to Group A

meningococcus. (Alexander et al, 1968). Nínety per cent of rhe

strains were resistant to 1 mg./tOO mt. of sulfadiazine. Isolates

of sero-group A in the United States, with one excepËion (Clark et

a1, 1971), have never been found to be resisLant to sulfonamides"

These reports of sulfonamide resistance have prompted a search

for an alternate form of treatment. Although penicillin is highly

successful in the treatment of disease, ít has proven to be ineffec-

Ëíve in Ëhe management of contacts of cases. Decelopment of disease

following several days of oral penicillín has been reported (tobin

1956). Neither penicí1lin or oxyteËracycline were effective in

aborting Lhe epidemic ín 1963 at Èhe naval station in San Diego

(Millar et al, 1963). Dowd gq af (1966) evaluared four anribiorícs

(penici11in, erythromycin, amþícíllin and oxytetracycline) for their

effectíveness ín eradicating sulfadiazÍ-r^e resístant meningococci

from the nasopharynx. These authors found none of Ehe four antibioËics

Ëo be cornpletely successful. All shov¡ed some degree of suppression but

failed t.O eradic¡l-a fha orsqn'Íeñ from the nasopharynx.

RecenËly, a nevr antibíotic, rifampin (3-(4-methylpíperazinyl

minomethyl) rifamycin SV), has been con'Sidered as superior Ëo other

currently available drugs in the eradication of meningococcus from the
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nasopharynx. Deal et a] (1969) administered 600 mg. of rifampin

daily to 15 unknor,¡n carriers of meningococcus. During the study

period, rifampin reduced Ehe carrier rate by 93.3 per cent..

Devine (1970) and Guttler (l-97f) , using larger sËudy groups, ïê-

ported an 84 per cent reduction in carriage rate duríng therapy.

However, the high frequency of rapidly emergíng rifampin resisÈant

strains followíng therapy (GutËl-er et al, L97I) has dampened Ëhe

enthusiasm for mass prophylaxis with thís drug.

Minocycline, a semisynthet.ic derivative of tetracyclíne, vras

reported to reduce the carríer rate by 84 per cent in two separaËe

,^studíes (Devine et al , L970; Guttler et al , 197f). There \Á/ere no

minocycline resistant straíns encountered by these authors following

prophylaxis with thís drug.

Indícations are that mínocycline may prove Ëo be a useful

prophylact.ic agent. Further studies are necessary Èo determine the

duration of its effect as well as its effecË on a. wíder ranøe of

meningococcal sero-groups. Studies of minocyclíne carried out by

Guttler and Devine used popul"atíons in which Group Y and non-groupable

meningococci were t.he predominant strain carríed. Neither of these

studies included carríers of sero-group A.

I}ß,IIJNOLOGY OF THE MENINGOCOCCUS

Rake and Scherp (f933) described a number of antígenic deter-

minants associated with the meninsococcus" These included three

fractions; a carbohydrate which these authors designated as "C"

substance found to be common to all meníngococci, a proËein present
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in all menÍngococci as rvel1 as a number of other organisms, and a

thírd fraction found to be a group-specific polysaccharide.

From 1943 Ëo 1963, it appeared Ëhat meningococcal infections

v¡ere managed well wíth sulfonamides and investígaLors showed 1ittle

ínterest ín the immunology of this organísm. However, in 1963, t.he

emergence of sulfonamide resistant strains stressed the need for

further information in this area.

Goldschneider et aI (1969 
^) 

proved conclusively that meníngo-

coccal dísease r,ras related to a lack of humoral- antíbodv to the

pathogenic straíns of meníngococcus. Goldschneíder et al (1969b)

also deSCribed ¡lra rn1 a nf acrm-tomatiC naSopharyngeal infection in

Ëhe deveLopment of ímmunity to disease. Carriers of meningococci

were shown to develop bacterícidal activity against the sero-group

of meningococci carried in Lhe nasopharynx and, in additíon, these

individuals were shown to develop appreciable bactericídal activíty

against heËerologous strairrs. Another significanË event in the de-

velopment of the understandíng of the immunology of the meningococcus

was the extractíon and purificatíon of specific Group A and Group C

high molecular weight polysaccharides (Gotschlich et al, 1969). This

meËhod used the catíonic detergent Cetavlon to precipitate polysacc-

haride frorn overnight cultures of meningococci 
"

The extractíon of fhe group specifíc polysaccharides, combíned

with the indirecr hamqoo'l ,rf inaf r'_on È,eSt as described by Edwards and

Drísco1l (L967), formed the basis for sensiËive and highly specific

measurement of meningococcal antibody. Artenstein et al (1971), usíng
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Ëhe indírecË hemnoo'lrf-ínni-ínn test. and purÍfÍed meningOcOccal

polysaccharides as anLigens, r¡ras able to detect group specific anti-

bodies followíng systemíc infection. This investigatíon included

five patíents ivíth meningococcal disease in which Group c organisms

were ísolated from the spinal fluid and one patient whose íllness

\.^/as caused by a Group Y strain. The paËíenËs with Group c dísease

all showed a signíficant rise in hernaggluËínatíng antíbody titre.

Thepatient \^/ith Group Y disease, showed no antibody change using

the A, B, and c antigens. Eickoff (1971)ralso reported a correlation

between recent infection and a rise in homologous antibody. This

was demonstrated to be specific in the detection of antibody following

Group C associaËed syst,emic disease and asympt.omatic carriers of Group

Y meningococci 
"

There have been no reports of the sensitÍvíty or specificity of

the indirect hemagglutinat.inn test in detecting homologous antibody

fo11owíng natural ínfection with Group A organisms.



III. MATERIALS AND METHODS
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COLLECTION OF CL]NICAL MATERIAL

Posterior nasopharyngeal specimens were obtained wíth a

commercía11y prepared calcium alginate-tipped swabs benË to a 45o

angle. Swabs which v/ere contaminated with oral secretíons or which

díd not reach the nasopharynx were discarded. Sr¿abs were inoculated

dÍrectly onto Thayer-Martín pLates. The plates r,,rere kepË warm unËí1

they were transferred to a CO, incubator at 35oC., generally ¡¿íthín

two hours.

Blood specímens were obtained at intervals from patients with

systemic ínfectíon and from asymptomat,ic nasopharyngeal carriers.

Samples were drawn, allowed to clot at room temperaËure for one hour,

then refrigerated overníght. Sera \^ras removed the fol1owíng day and

stored at -20oC until the serol-ogical tests were performed.

LABORATORY METHODS

Nasopharyngeal specirnens were plated onto Thayer-Martin medium.

(Martín et al, 1967>.

Method of Preparatíon of Media

1. Double strength base was prepared by suspending 7.2 grams of GC

Medium Base in 100 ml of distilled rrater. This was boiled for

one minute to assure solution of insredie.nts

Two grams of Bacto Haemoglobín (Dífco) were suspended in 100 ml.

of distilled water and thoroughly mixed using a magnetic mixer.

GC luledium Base and hemoglobín suspension were steríl-ized by auËo-

claving at L2I0C for 15 mínutes, Ëhen cooled to 50oC.

)

a
J.
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Haemoglobin, Ewo ml. of Isovítalex EnrichmenË (Difco) and two m1.

of V-C-N anËibiotic combinatíon, $rere aseptíca11y added to the

sterile base" The antibioÈíc combination consisted of 300 mcg.

Vancomycin, 750 mcg. colístin and 1250 mcg. nystatin /t00 mt. of

GC base.

5. These were thoroughly mixed and dispensed into petri dishes.

After incubation for 18 to 24 hours at 35oC and 6 per cent COrr

col-onies were selected and subcultured onto blood agar " Organisms

ÈhaL were morphologically consistent wiËh meningococcus \¡rere cested

for the abílity to ferment glucose, maltose, sucrose and lactose.

Fermentation tesËs r¡rere carried out using CTA medíum (¡gL) with 1 per

cent carbohydrate and incubation at 35oC.

Organisms that fermented glucose and maltose, but not. sucrose

or lactose \^/ere sero-grouped using A, B, C, D, X, Y, and Z antísera.

Antisera !üere obtaíned from Difco Laboratories and from the

National Communicable Dísease CenËre, Atlanta, Georgía.

Gram negative diplococcí, with colony morphology resembling

Neissería mení_ngitidis_and that fermented glucose and malËose, but

not sucrose or lactose and that failed to gïo\,ü at 22oC, r¡rere con-

sidered to be meningococci independent of theír agglutínaËion in

specific antísera.

Æ{TIBIOTIC SENSITIVITY TESTTNG

The mínímum inhibitory concentratíon of sulfisox,azol-e, rifampin,

minocycline, and penicill.i-n G rvas determined for 81 strains of men-

ingococcus using a modification of the agar dilution method descrÍbed
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by Bennett (1966)

Materials

Rifampin (Dow chemical of canada) was dÍssol-ved in methanol ro

give a concentratíon of 10,000 mcg. of rifampin activity per ml.

This stock soluËion vras serially diluted with sterile phosphate

buffer (sorensents) pH 7.2 - 7.4. Final concentration used in ËesË

plates \^Iere t\^/o-fold dilutions ranøins from l-ô to 0.002 mcg per ml .

Sulfísoxazole was serially dítuted to yield fínal concenLrations

of 0.1, 0.5, 1.0, 2.0,5.0, 10, 20 mg per ml. per test plate.

Penicillín G and minocycline \^rere test.ed in two-fold dilutions

ranging from 1"0 to 0.002 mcg. per ml"

Method

Mueller-Hinton broth was inoculated with organisms from an

overnight culture gro\^rrr on a blood agar plate. The broth was íncu-

'bated in a shakíng waterbath at 35oc for 18 hours, This suspension

-'^^ J-:'1..Ê^l : cwas oa.LuEed, 1r necessary, with sterile distílled water to a density

visually equivalent to that of a standard prepared by addíng 0.5 ml.

of 1 per cent BaCl, to 99.9 mt of 1 per cent HTSOO.

using a Steers-Foltz replicaËor, the diluled cultures were

applied to the sunface of a series of plates contaíning various

conc.entrations of antibíotícs. Control plates containing Mueller-

Hinton Agar ruithout drug r,¡ere included vrith each series of antibiotics.

Plates were íncubated ín 6 per cent c02 at 35oc for 24 hours.

The minimum ínhibitory concentration was the lowest concentration of

drug which produced an abrupË change from uninhibited growth Èo

slight or no growth.
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FOR NEISSERIA MENINGITIDIS

The organisms used to prepare the crude antigen were Group A

and Group c meningococcus ísolated from the csF of L\^ro patients

admitÈed to the Inlinnípeg chíldrenrs Hospital wiÈh meníngococcal

disease while this study r.^/as in progress.

Diluenr, PhosphaÈe Buffered saline (pBS) 0.01 M pH 7.2

NaHrPOO.H0 0.233 c/I
NaHPOO 1.165 c/r
NaCl 8.1 elt

Sheep cells collected in Alseveres solutíon r,^¡ere obtained from BBL

and stored at 6oC.

Method

1. Preparation of meningococcal polysaccharide crude antigen 4.5 ml.

of Mueller-Hinton broth was inoculaÈed with 0.5 m1. of fresh

inoculum (culture check for puríty), and incubate overnight.

Next morníng 50 ml. of Mueller-Hínton broth is inoculated with 5 ml.

of the overníght culture, íncubated in a shaking waterbath at 37oc

for 6 hours" Flasks were then cul-ture checked. for puríty. 0.73

ml. of Formaldehyde was added Èo the flasks; the flasks were then

íncubaËed in the shaking waterbath for an additíona1 15 minutes.

The flasks v¡ere Ëhen culture checked for killing of organisms.

The broth was then centrífuged at 2000 rpm for 15 mínutes, the

supernatanË (the antÍgen) was removed and stored at 4oC.
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Treatment of Sera

All sera (includíng normal rabbit

activated at 56oC for 30 mínutes.

of washed packed sheep cel1s per

temperature, then centrifuged.

Sensitízatíon of Ce11s

serum and antiserum) was Ín-

All sera was absorbed wíth 0.2 m1.

mf. of serum, for t hour at room

To 1.0 ml. of polysaccharide antigen at the correct dílutíon

was added 0.5 rnl . of a 2 per cent suspecsion of salíne r¿ashed

sheep ce11s. The mixture was incubated in the 37oC v¡aterbath r¿ith

occasional shaking. Sensitized cells \.vere sedimented by centrí-

fugation, \,rashed three times ín saline and reconstituted in 2.5

m1. of 1:200 normal absorbed rabbít seïum in 0.01 M phosphate

buffered saline.

Mi cro ti ter

0.025 ml. of 1:200 normal absorbed rabbít sera ín 0.01 M ohosphace

buffered saline was added to each well of a Mícrotitre "U" plate

(cooke Engineering co.) 0.025 m1 . of serum ¡,¡as seríally diluted by

two-fo1d dÍlutions. 0.025 m1 . of diluent \,zas added to each well.

0.025 ml. of sensítized sheep cells were added to each we1l. plates

\üere rotated gently, covered and allorved to stand at room tempera-

ture until cell controls (containing 0.05 m1. of 1:200 normal

absorbed rabbit sera in 0.01 M phosphare buffered salíne and c.025

m1 of sensitized sheep ce11s) formed buttons (approxÍmately 2 hours).

The antibody titre was considered to be the reciprocal of the
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highest dílution showing defínite agglutination.

5. Títratíon of Crude Antigen

rn order to determine the optimum sheep rbc sensitízing concen-

tration of the antigen pçeparation, varying concentrations of the

antígen ranging from undiluted to l:200 were used to sensitíze

sheep cells . Grid titrations Tdere set up in Micro trurr plates

\^/ith homologous meningococcus antisera (Oifco) . I{aximum dilutíon

yíeldíng maximum sensitization of sheep cells was found to be

1:20 for both A and C antigens. To assure adequate sensÍtization

of ce1ls 1:10 dilution of antigen v¡as used in the test.

6. Controls

Controls used for all tests included unsensítized red cells with

positive sera, sensitízed red cells wíth normal and immune sera.

and a cell control which consi-sted of sensitized sheep cells and

diluent.

RADIOACTIVE ANTIGEN BINDING TEST

Quantitatíve determinations of antibody concentraËion r¿ere made

us1ng the radÍoactive antigen bínding test. These tests were performed.

by Dr. E. Gotschlich at the Rockefeller university in New york, using

group A polysaccharide antígen and the method of Gotschlich et al (I972).



IV. DISTRIBUTION OF CASES
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The increased incidence of meningococcal disease, combined

\^/ith Ëhe recent appearance of a number of clinical cases of group A

meníngí¡1s ín this province, has suggested the need for epídemiologícal

deliniation of meningococcal disease in Manitoba. This portion of the

study was undertaken to determine the rÍsk of disease ín terms of the

attack rate for various geographical areas of Ëhe province as well as

a determinaËion of the effects of age, sex, ethnic origín, and socio-

economic level on the íncidence of meningococcal disease.

The area un<ler study was the provínce of Manitoba. Thi-s provÍnce

has a populatÍ-on of 1,0181535, approxímately half of which líve in

the city of Winnipeg. Most of the remaining population is concentrated

in the southern region of the province, with the large northern areas

being very sparcely inhabited.

Epídemiological data for rhis study included all cases of men-

ingococcal dísease occurring ín Ëhe provínce of Manitoba and having

onset of illness in the period January 1, 1970 ro May 31, 1972.

Information on these cases was acquired from a number of sources;

1. Department of Health and Social Development, Preventive Medíca1

Services

Medícal record deparËments of hospítals ín this province

Clinical Mícrobiology Research Laboratory, Inlinni-peg General

Hospital

From these sources, 135 clínical cases of meningococcal disease

\¡rere recorded. A review of hospital charts and l-aboratory records

provided information on the bacteriological confirmaÈion of the

)
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etiology of these infections. The Cadham Laboratory, whlch provides

much of the bacteríological service for Ëhe rural erêâq crrnnl'íaçl

Ínformatiori on Lheir isolates, as well as provided us with all strains

Ëhat were submitted to them" In 1970, Ëhe Clinical MÍcrobiology

Research Department of the Winnípeg General Hospítal requested that

isolates of meningococcus in this province be sent. to Ëheir laboratory

where idenËification was confirmed and serogrouping was carried ouË.

The majoríty of the strains submitted Ëo the hiinnipeg General HospíËal

during 1970 and 1971 were also sent to Dr" Harry Feldman, Stare

University of New York, Syracuse, New York. The data on these isolates

i-ncludes the results of these three laboratories in addition to our oÌ¡/n

bacteriological work wíth these strains thaË extended from Oct.. 1,

197L to May 31, L972.

0f the 135 cases clinically diagnosed as meningococcal disease,

68 had bacteriological confírmat.ion. (falte tf) Paired sera \¡ras

available for 19 of the 67 cases for which there \À/as no bacterioloeícal

confirmation of etiology. Of these 19 cases, 13 had serological evi-

dence of meníngococcal infection as Índicated by the indirect

hemagglutination Èest (4-fo1d or greater rise in titre). It must be

pointed out that sera \¡ras tested only for antÍbody to group A and group

C" Group B assocÍated infectíons \^7ere not identified r,¡Íth Èhis method.

Meninøococcal ínfections in Manítoba have shown a seasonal trend.

The average monthly íncidence of meningococcal disease j.s shown in

Fígure 2. The four months, February, March, April and May have shown
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FIGURE 2.

FMAMJJAS
MONTH

AVERAGE MONTHLY INCIDENCE OF MENINGOCOCCAL CASES

FOR THE TNTERVAL JAN. 1, 1970 T0 MAy 3t, 7972.



_27 _

fhe hiohaef a\rêTeaê innr'rianna rrr'r-L o ñâ4i' "'- ^^-,.*Lfr a PeaK rn cases occurl]-ng ].n

April. The lowest íncidence of cases occurred in mid-suruner with a

gradual rÍse in incídence in the fall and v/ínter months.

The age-specífic rates for the 135 cases are showrl Ín Figure 3.

The híghest incidence of cases is shown Èo have occurred in t.he

0 - L2 month age group, after which there is a progressive decrease

in the attack rate. AfËer age 15, the incídence of cases for al1 age

groups remained below the incidence for the provínce. In the 20 to

70 year age span, the highesË incídence of cases was not.ed in the

60 - 65 age grorlp "

Table III summarízes the distribution of cases of meni-nsococcal

disease among the rndian and non-rndian population of Manitoba. The

population of all Manítoba Indíans is recorded as 3l-.526. Thís

figure íncludes Indians who do not have associatÍon with a particular

band and r,¡ho are ineluded ín the populaLion of rural municípalities,

local district governmenLs, cítiçs, tor,vns, villages or unorganízed

terrítories of residence. The distributíon of cases has not been

random for these two populations with the incidence of cases among

Indíans being from 10 to 20 times greater for each of the three years

indícated.

From October 1, I97 1 to May 31, 1972, meningococcal disease

occurred ín 24 familíes 1íving in the Winnipeg area" These familíes

were placed into categoríes dependíng upon the oecupation of the head

of the household. Table IV summarizes the data obtained on these 24
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TABLE III

INCIDENCE OF MENINGOCOCCAL DISEASE AMONG INDIAN AND

NON-INDTAN RESIDENTS OF MANITOBA

JANUARY I, L970 - MAY 3l, L972

INDIAN NON-INDIAN

cases incidence* cases incidence

r97 0

]-97L

15 47.57 23

23 68.78 40 4. 05

2.831972 (Jan. l-May 3l) 7 22.20 28

* cases per 100,000 populat.ion

populat.íon figures compiled by the Continuing Programs Secretariat

Planning and Priorities Commíttee of Cabinet., Government of Man.,

in co-operation with the Health Services Commissíon.
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TABLE IV

DISTRIBUTIO}ì BY OCCUPATIONAL GROUP OF ALL CASES

OF MENINGOCOCCAL DISEASE TN THE I^]INNIPEG AREA

OCTOBER 1, L97L - May 31, L972

OCCUPATION OF FA]"IILY HEAD NO. OF PER CENT OF

CASES CASES

GROUP I (r,ielfare, unemployed)

GROUP II (labourer, semiskilled)

GROUP III (skilled, professional)

54

42

13

t0
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famílies. Group I included all individuals who indicated they were

eíther unemployed or receivíng welfare aÈ the time of the patient.s I

admission to the hospital. Group II included occupations that could

be classed as semi-skí11ed or general labour" Group III included

skilled and professional workers. Thirteen of the 24 cases , or 547"

occurred in familíes ín which Èhe head of the household was either

unemployed or receiving welfare. These cases occurred during a

períod in which not more Ëhan 6 rrêr nêrìr nf tha labour force in this

province l^ras unemployed. This data would índicate rhsr meninon4ess¿l

disease hss not been randoinly dístributed among the families of the

employed and the unemployed.

Figure 4 shows the íncÍdence of I35 cases of meníngococcal

disease by census tract from January 1, L970 to May 31, L972.

Those dívisions not listed in the table had no reported cases

during this interval. From this data it is apparent that census

divisíon 16 was the area of highest incídence during 7970. In I97I,

the incidence of cases in divisíon L2 rose from 7.3/IO0,000 population

Ëo 63"9/100,000 population. The other area showing a hfgh rate of in-

fection durÍng 1971 was dívisíon 15. For Ëhe first fíve months of

L972, dívísion 16 continues to have a high incídence of dísease.

Although a number of ar:eas have shown infection rates equal or slightly

greater than the average for the provÍnce, the highest concenËratíon of

cases per populaËíon, has occurred in Èhe three northern census

dívísions.
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FIGURE 4

MENINGOCOCCAL DISEASE BY CENSUS

MANITOBA, JANUARY 1, 1970 - MAY

TRACT FOR

31, L972"

CENSUS DIVISION

No. 1
No. 5

No. 6

No. 10
No. 12
No. 13
No. 15
No. 16
No. 18
No. L9
No. 20

CASES
1970 797L l-972

¿

1
2

0
1

1
0
9

0
1

l5

INCIDENCE'{
1970 r97L 1972

0
U

1
1
L

0
0

26
0
0

7

I
a

¿

0
L7

0
z

1
1

¿o

0
0

5 .31
7 "50

0

37.57-----ã--

0
r.29

3.29 6,59
6.10 3.0s
o. )¿ o.5¿

00
63.90 3.75

0 8.84
15 .31 0
8.66 13.00
/ "4/ U

5.15 5.15
4. 81 2.77

>lcases
census

per 100,000
of Canada,

populatíon. Populat.ion
StatÍstics Canada.

of census dívision. I97L
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Figure 5 shows the geographical dístribution of all erouo A

isolaËes from January I, 1970 ro May 3I, L972. The majority of

isol-ates from 1970 vlere not typed making an interpreLation difficult,

however, Ëhere appears to be a drift from north to souËh of this

sero-group. In 197I, group A was isolated from various areas in

northern Manitoba with two sígnificanL clusters, one in t.he Interlake

District, in which all isolates for which the serogroup ís knov¡n were

group A, and a second cluster in Ëhe city of l^linnipeg. The rnajority

of the isolaËes ín l-972 have been from the I,rrinnípeg area.

DIS CUS SION

The increase ín meníngococcal- dísease in this province cannot

be at.tríbuted to any change ín Ëhe age associated risk of dísease.

sími1ar1y, the seasonal variatÍon of disease resembles that of the

uníted states. Bennett et a1 (7969) reported the peak of cases Ëo

occur in March, a month earlier than the peak ín Manitoba cases,

however, the dífference ín climate may account for thís.

A signifícant poínt is the great dÍfference in the incidence of

disease among rndian, as contrasted to the non rndian segment of Èhis

province. Geographícal data indicates that íncreased incidence of

meningococcal dísesse has occurred prímarily in the northern areas

of the province where the majority of the Indian reserves are

located. Thís may account in part for the disproporEionate number

of cases in Lhis ethnic group. The cases observed in the native

populatíon in trIinnipeg rnay be exËensíons of those occurring in the

northern areas.
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A dísproportionate number of cases have appeared among the

low income families. Thís point vrarrants further study for the

determínatíon of a more specifÍc causal- relationship.



V. NASOPHARYNGEAL CARRIAGE OF MENINGOCOCCUS
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iilíth the inËroduction of serogroup A meningococcus into

Ëhe community as well as a rísing incidence of meningococcal dísease,

the question of the risk of ínfection assocíated rvith exposure Ëo a

patient arises. since meningococcal meníngitis and septícemia are

rare events compared to nasopharyngeal carriage, a determínaÈion of

asymptomaËic carriers among contacËs of patients, serves as a better

indication of the risk of infecËion Lhan does a seach for association

between cases. Nasopharyngeal carríage is consídered to be a true

ínfectÍon (Feldman, 1966) accompanied by antíbody response

/^ n.(Goldschneider et al, 1969) 
"

Tha nhi anÈirra nf rhi c nnrÈi On Of the inVeStiSatiOn Vrâs to rleCer_

mine infection rates as indícated by nasopharyngeal carriage of

meni,ngococci, among persons at various levels of association to Lhe

proband. The sampling frame was Ehe city of Wínnipeg, extended to

include resídents living within a 25 mile radius of the city.

Nasopharyngeal specimens were collected from all members of

households in which a case of meningococcal disease occurred.

Household contacts rvere defíned as all persons who had slept in the

home within three days prior to the patient's admíssion to hospital.

The study included all bacteriologícally confírmed cases occurring

within the samplíng frame from October l, I97I to June 1, 1972,

For the same eight monËhs, using the same sampling frame,

nasopharyngeal specimens were collected from all members of households

in which non-meningococcal C.N.S. ínfections had occurred"
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Household members were defined again as anyone who had slept ín

the home wíthin three days prior to a patient's admission to

+1^^ L^^--i +^'1Lrrç ¡ruÞI/¿ L4r .

During the last three months of this study, nasopharyngeal

specimens were collected from neighbours of the family in which

an index case of meningococcal disease had occurred. Neíghbours

were defined as all members of the households located on t.he immediate

left and on the immediate ríght of Ëhe residence of the index case"

Al1 nasopharyngeal specimens r^Iere examined for the presence

of Neísseria meningitídis and all straíns isolated ríere serogrouped

usínø soee.ific antisera.

The resulËs of these survevs are shown ín Table V. fn the

first group, families in which meningococcal disease had occurred,

54 of. tlne 92 members had posítive nasopharyngeal cultures. This is

compared to a 7 per cent carriage found among the neighbours of

these fanilies, and 11 per cenL carriage found in members of

familíes in v¡hich C.N. S. infection, oËher than meningococcal, had

occurred.

In families with cases of meningococcal dísease, 50 of the 54

carríers identifÍed, or 92.5 per cent, carried the same sero-group

as the index case. Group A carríage \^Ias detected only in families

wíth Group A disease"

The age related distribution of nasopharyngeal carriage among

the 54 carriers found in the families of the índex cases is presented

in Table VI. As shown previously (Tab1e V) the overall carriage
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TABLE V

NASOPHARYNGEAL CARRIAGE OF MENINGOCOCCUS IN FA}{ILIES

FAMILY NI]MBER OF NUMBER OF PER CENT I^IITH
TYPE FAMILIES INDIVTDUALS POSITTVE CULTURN

I Index 19

índex case

Group A 9

Group B 3

Group C 7

II Neighbour 9

III OËher CNS 10

infect íon

92 58 .7

57 .8

6s .0

55 .5

7.L

11 .4

/,\

20

27

2B

?5
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TABLE VI

CARRIAGE OF MEN]NGOCOCCUS IN FA.I'{ILTES

OF PROBAND (INDEX CASE)

DISTRIBUTION BY AGE

AGE NI]MBER PER CENT hIITH

POSITIVE CULTURE

20+

15-19

10-14

5-9

4 or less

Males

Femal-es

36

13

10

2T

11

s8.3

61 .5

60. 0

57 .r

61 .5

60. 040
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rate for thís group vras 58.7 per cent. Age related distribution of

carriers, as determíned by this survey, indícate that the carriage

rate for each of fhe fír¡a toê oategories is the Same aS the overall

carriage rate. Rates varied only from 57.1 per cenË for the 5-9

age group to 61.5 per cent for the 15 to 1g and the 4 and under

age groups. Males were found to be carriers as frequently as

females.

The age related distribution of cases ín this orovince indicate

that the risk of disease is the greaËest for the five and under ase

group. However, once the organísm is Íntroduced ínto a home. our

daÈa índicates that the risk of Ínfectíon ís equal for all ages.

Tlra n,,rnnoq of the second part of the survey \.^ras to determíne

meningococcal carriage rates among nursíng personnel who had been

directly responsíble for the care of patients rvith meningococcal

disease. From october 1, 1971 to Aprit 30, L972,20 cases of menin-

gococcal disease were admitted to Èhe 4N ward of the winnipeg

childrenrs Hospital. Tv¡elve of these were identified as group A

meningococcal dísease. Nasopharyngeal specímens were collected

from 15 members of the nursing staff on thís ward, Al1 15 had been

employed on 4N from OcÈober 1, 1971 to April 30, 1972, and all had

contact wíth patíents during that period" The results of these

cultures índicated only one which carried meningococcus, Èhis was

identífíed as sero-group Y. None of the 20 cases adniÈted to 4N

from ¡¿hich meníngococcus wes ísolated and sero-grouped were attributed

to Group Y.
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0n Oetober 7, L97L, nasopharyngeal specimens were collected

from 60 second year medical students. In contrasÈ Èo the nursíng

staff from 4N, none of Ëhese sËudents had any known patient

contact. 0f these 60, tI^Io \^Iere found to be carriers of meningococcus.

Both students carried non-groupable strains.

In November , 1-971-, an B month old child from a Hutterite

colony was admitÈed to the hiinnipeg Chíldrents Hospital with

Group A meningococcal meníngitis. This colony r./as located within

our study area and provided an opportunj-ty Èo determine infection

rates, following development of dísease, within a well defined social

order.

The 93 residents of the colony occupied 12 homes. Although rhe

f amily living areas r,^/ere self -contained, contact of f amilies wíth

one another is much greater than would be expect,ed inthe conventional

rural communíty. All meals are eaten in a common dining hall and all

work is carried out as a co-operative effort " The children attended

a school on the colonv.

The total population of the colony was asked to participat.e in

the survey. Nasopharyngeal specimens were collected from all but

three of the 93 resídents. Five índívíduals who were vísíting at

the colony, as urell as the resident teacher, \rere included in the

suïvev.

Results of these cultures (ta¡te Vff) indicated that 6 members

of the colony rrere carriers of group A meningococcus. Four of Ëhese
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TABLE VII

NASOPHARYNGEAL CARRTAGE OF MENINGOCOCCUS

SURVEY OF HUTTERITE COLONY

Number living on colony

Number refused to parËicípate

Number absent on day of survey

Visítors (included i-n survey)

'l ê9ahf nû af rtt

TOTAL NUMBER CULTURED

Carrier rate for colony (Group A)

Carrier rat.e for famíly of index

case (Group A)

Serogroups isolated

Group A

Group B

Non Groupable 5

Carrier rate for colony (a11 groups) L3.57.

93

I

¿

5

1

vo

a^o/
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six \,/ere members of the household in ¡vhich Ëhe index case had

occurred. Two other adult males were also found to be carríers

of group A. A1l of the adulE males v¡ho l¡ere carriers of group A

had recently worked in the rnterlake area, where part of the land

owned by the colony is located. There are no permanent homes on

this property, but the men workíng there share common living

!durr!LreÞ.

Although there was considerable amount of minglíng for meals,

work and school activities, high rísk of infection was límited to

the Ímmedíate famíly of the proband.

The final part of the carrier study dealt with the risk of

infection withÍn schools where students have been in contact \,/ith

a case or known carrier of Group A meningococcus. Table VIII

summarizes the data from four classrooms. 0f the 131 student,s

culËured, 33 had contact with a case of group A meníngitis, the

oLher 98 had contact wíth a known carrier of group A meningococcus.

Twenty-one of the 131 cultures \,rere positive f or meníngococcus,

none of which, hotrevere vrere group A. The sero-groups isolated

were predomínanÈly group B and group Y. Twelve were group B, 4 ruere

group Y, one group x, one group c and three isolaÈes \^rere ungroupable

with our antisera"

The extent of contact with respect to time could not be de-

termined for these students. The student from the Grade rr class

attended school the day before she was admitted to the hospiËal.
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TABLE VT]I

NASOPHARYNGEAL CARRIAGE OF MENINGOCOCCUS CLASSROOM SURVEY

GRADE ASSOCIATION NO. OF STUDENTS N0. I^IITH POSITIVE

CULTURE GROUP A

TI

II

I

?o

JJ

JO

4

J

10

4

0

0

rì

0

n-^^ n-^.,* 
^u4Þç urvuP ð

Carrier Group A

Carrier Group A

Carrier Group A

TOTAI

CARRIER RATE 16"12

SEROGROUPS ISOLATED

Group B 12

Group X I

Group Y 4

Group C I

Non Groupable 3

131 ¿L
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However, the length of time ¡uhích the remaíning three students

\¡rere carriers before theír classmaËes \^rere surveyed is not known.

In a second survey, an attempt vras made to determine the rísk

of infection in the classroom over a period of time. Two Grade I

classes r¡ere cultured monthlv for three months. The results are

recorded ín Table IX. In classroom A. one st.udent \,ras a known

carrier of group A meningococcus, and had positíve nasopharyngeal

cultures for two months before Ëhe first elass aurvev \^/as Eaken.

RepeaEed cultures indicated Ëhat he contínued to carry group A

meningococcus for the Èhree months that his classmates v/ere under

o Þ servatr-on.

Classroom B was chosen as a control. It. was located in a

school attended by students of approximately the same ethnic and

socío-economic dístríbutíon as classroom A. Both classrooms had

similar carrier rates: none of the students became carriers of

group A during the three months that they r,Jere under observation.

The presence of a carrier ín the class for at least five months with

no acquisitions occurring during that time suggests that transmission

must occur only rarely.

Transmission of meningococcus undoubtably must occur ín the

community, Tre have, howevere not been able to demonstrate any ín-

creased risk of infection for nursine staff or students who are assoc-

iated wíth cases or carriers of group A" It is apparent that for all
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TABLE IX

NASOPHARYNGEAL CARRIAGE OF MENINGOCOCCUS SCHOOL SURVEY

SCHOOL A

LENGTH OF CONTACT ASSOCIATION NO. PRESENT NO. I^]TTH POS .

CULTURE

Three months

Four months

Five months

Carrier Gr. A

Carrier Gr. A

Carrier Gr. A

TOTAL

L6

2?

18

n

2

2

57

AVERAGE CARRIER RÀTE 7Z

No. of Group A - 0

SCHOOL B

SURVEY ASSOCTATION NO. PRESENT NO. WITH POS.
CULTURE

-l

a

No

No

No

known Group A

known Group A

knoiun Group A

TOTAL

L]

23

LJ

1

L

J

OJ

AVERAGE

No. of

CARRIER RATE 6.52

Group A - 0
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three sero-groups, the rísk of infection is high in families ín

which a case of meningococcal disease has occurred.



VI. A COMPARISON OF THE EFFICACY OF

SULFISOXAZOLE AND MINOCYCL]NE IN THE

ERADICATION OF THE CARRIBR STATE
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SUlf Onamidge rra nrrrrani- 'l r¡ haino rrqa¡i r'n fhig pfgvinqe AS

prophylactic therapy for all members of familíes in which a case

of meningococcal disease has occurred. However, in the UnÍËed

States, roughly half of all group B strains isolated at the N.C.D.C.

from 1966 to 1969 required concentrations ín excess of 1.0 mg./

100 ml. of sulfadiazine Ëo inhibit growth. Similarly, by 1969,

approximately 90 per cenL of all Group C sËrains were resistant to

sulfadiazine. (Bennett et al, L969) " Group A dísease has occurred

only rarely in the United States during the past decade, however,

the íso1atíon of a sulfonamide resistant strain in Seattle.

l,iashington (Clark, 197f) is ominous. Group A straíns in North

Ameríca could follow the same trend toward sulfonamide resístance

that have been noted ín serogroups B and C 
"

It appeared that further information \^ras required concerning

the real effectiveness of prophylaeÈic sulfonamíde ín this communíty

as well as an evaluation of an alLernate form of therapy. The pur-

pose of this portion of the sËudy \,ras Ëo compare the effícacy of

sulfísoxazole and minocvcline ín the eradication of the carrier

ùLéLç.

Our study began in October L97I, and íncluded members of

households of all cases of meningococcal disease r¿hích occurred

wiËhin a 25 mile radius of the city of I'rTinnípeg. i^lhen a patíent with

meníngococcal dísease \das admitted to hospítal , the family \^ras

contacted and posterior nasopharyngeal specimens were collected
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from all members of the household. This included anyone who had

slept in the home wíthin three days prior to the patíent's ad-

missíon to the hospíËa1.

Following the collection of the nasopharyngeal specimens, a1l

family members began therapy which vras assigned accordíng to the

fírst letter of the surname. rrAtr Ëo ttMt' inclusíve rec.eived minocy-

c1íne, (100 mgrn. b.í.d.) for four days; "N" to "2" inclusive re-

ceíved sulfisoxazole, (500 mgm. q.i.d.) for four days.

Nasopharyngeal specÍmens were collected from all household

members immedíately after completÍon of therapy, at the end of two

r^/eeks, and agaín at the end of three monLhs. All specimens were

examined for the presence of Neissería meningitid-i_s and all strains

Ísolated \¡Iere seroøronoed "

A total of. 75 individuals had nasopharyngeal cultures positive

for Neisseria meningitidís. 0f these 75, 29 were treated wiËh

sulfisoxazole and 46 were treated wíth minocyclíne. Five persons

receiving minocycline, and one who had received sulfisoxazol-e, faíled

Èo compleËe the prescribed therapy and were noÈ included ín the study.

Data obtained on the remainíns 69 individuals is shown ín

Table X. Sulfisoxazole reduced the carrier rate bv 75 per cent

immediately followíng therapy in the 28 individuals treated. The

seven carriers with posítive cultures after treatment \,Jere colonízed

with strains of meningococcus resistant to 1 mgm per cent of sulfi-

soxazole. All carríers of sulfísoxazole sensiËíve strains had



TABLE X

EFFECT OF SULFISOXAZOLE AND

NASOPHARYNGEAL CARR]AGE OF

MINOCYCLINE ON

MENINGOCOCCUS

No. r,¡ith positíve cufture Antibiotic

Sulfisoxazole Minocyc.l-ine

0n

0n

init.iation of Ëherapy

completion of therapy

Per cent reduction

2B 4L

0

100

2 weeks after ínit,iation

nf fharanr¡

Per cent reducÈion

5 /1q

75

5 /4r

BB

90 riavs ¡fter init.iation

nf l- h arnnr¡

Per cent reduction

q /'r o B /36

r's7 strains resistant to sulfisoxazole, not included in the

remainder of the data.

7575
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negatíve cultures immediately following therapy. At the end of t¡uo

weeks, five of the 19 carríers of sensitive strains had positíve

cultures " The remaining 14 individuals cont.inued Ëo have negative

nasopharyngeal cultures for the 90 days they were under observatíon,

representíng approximately 75 per cent reduction in carrier rate of

sulfisoxazole sensitive strains.

None of the 4l- índívíduals treated with minocvcline had

positive cultures immediately followíng therapy. At the end of

two weeks, there \¡ras an 88 per cent reduction in carriage and 75

per cent reductíon in carriage at the end of 90 days. 0f the eíght

indivíduals who r+ere found to be carriers of meningococcus 90 days

after the initiation of Ëherapy, seven rvere of the same sero-grouping as

they had carried before minocyclíne had been Èaken. One individual,

initially colonized with serogroup A, carried serogroup Y two

weeks after therapy, and continued to carry group Y for the remainder

of the 90 days that he \,{as under observatíon.

Eighty-one strains of Neisseria meningitidis ísolated from

paËients and asymptomatic carríers during the course of this study

were tested for antibiotic susceÐtibilitv. Antibiotic sensitivities

were determined for penicillin, sulfisoxazole, minocycline and

rifampin.

From Table XI, ít. can be seen that all serogroups !üere ínhibited

by 1.0 mcg/ml of minocycline with a mean M.I.C. of 0.22 mcg/mL.



l
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TABLE XI

MINIMINT TNHIBITORY CONCENTRATION FOR MINOCYCLINE (MCG/ML. )

SEROGROUP 0.5 0.25 0.125 0.067

Group A

34 strains 0 28 2

Group B

23 sËrains 0 L7 6

Group C

24 straíns .O 21 3

TOTAL TESTED O 66 11

Bl strains
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None of the Bl strains tested were resistant to rifampín (fable Xlf)

which may reflect the very limited extent to which this drug has

been used in Manitoba" All straíns \^rere inhibited by 0.067 mcg/ml

with a mean M.I.C. of 0.021 mcg/rnl, Similarly, all straíns tested

were shov¡n to be sensitive to penicíllín. All were inhibited by 1

mcg/ml and the mean M.I.C. was 0.22 mcg/mL. (lable XIII).

All 34 sÈrains of group A meningococcus r/,/ere sensítive Ëo

sulfÍsoxazoLe. However, six of the 23 straíns of group B required

concentrations greater than I mgmZ of sulfisoxazole to inhibit

growÈh. Group C straíns showed an even greater tendancy to resístance;

2L of tlne 24 strains tesËed required concentratíons in excess of 1 mçm?.

to inhibit growth. (tab1e XIV).

It would appear that although no straíns resistant to penící1lin,

rifampin, or minocycline were detected, resistance of sero-groups B

and C to sulfísoxazole is quite prevalent ín this province.

DISCUSSION

0f the 81 strains of meningococcus for which antíbiotic sensi-

tiviËies were deLermined, one-t.hird were found to be sulfisoxazole

resistant. This hígh prevalence of resistant strains greatly reduces

the efficacy of thís drug and emphasizes the ÍmporËance of sero-

groupíng and sensiLivity tesËing. Vaccines are currently being

developed (Artensteín et al, 1970), however, until these are avaílab1e

for øe,neral rrse, i+ i^ -^^^ to conti-nue the search for an alterna-I L IÞ IIEUEÞ Þ4! 
-V

tive for sulfidiazine in the chemoprophylaxis of resistant strains of

meningococcus.



TABLE XII

MIN]MUM ]NHIBITORY CONCENTRATION FOR RIFA]"IPIN (MCG/ML. )

sERocRorrp 0. 125 0 .067 0.033 0. 016 0.008 0. 004 0. 002

Group A

34strains 0 4 LI L2 3 4 0

Group B

23straíns 0 I 7 3 10 Z O

Group C

24strains o 2 3 5 12 2 o

TOTAL TESTED

81 strains 0 7 21 20 25 8 0
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TABLE XIII

MINIMUI'{ INHIBITORY CONCENTRAT]ON FOR PENICILLIN (MCG/ML. )

sEROcROup 1.0 0.5 0.25 0. 125 0. 06 0. 03 0. 01

Group A

34strains 0 2 23 I 6 2 0

Group B

23strains 0 I L2 4 6 0 0

Group C

24straíns 0 3 18 1 I 1 0

TOTAL TESTED

Slstrains 0 6 53 6 13 3 0
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TABLE XIV

MINIMUM INHIBITORY CONCENTRATION FOR SULFTSOXAZOLE

SER.OGROUP 4-I mgmlÅ L mgml/. 2I mgmi/"

Group A

34 strains

Group B

23 strains

Group C

24 straÍns

TOTAL TESTED

81 straíns

34

L7

2I

27<h
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Deal et al (1969) suilimarized the results of various Ëherapeutic

tríals of oxytetracycline, eryËhromycin, penicillin G, ampicillín,

ethoxzolamíde and procaine penicíllin. None of these r,ùere as effec-

tive in eliminatíng N. meningitides from the nasopharynx as sulfa-

diazíne before resist.ant. straíns became prevalent.

All of the 81 strains of meningococcus from this provínce were

found to be sensítíve to I mcg/ml of penicillin, and this antibíotic

remaíns highly efflcíent in the treatment of meningococcal disease.

Hor^rever, development of disease has been noted in patients receiving

prophylactic penicíllin (Dea1 et al, L969; Tobín, L956). During the

course of this study, development of meníngococcal meningitis attri-

buted to Group C N. meníngitides was observed in ône Dâríent ransivíng

oral penÍcillin.

In addition, we have noted the development of a secondary case

of meningococcal meningitís in a 16 month old child following prophyl-

axis with 125 mgm b.i.d. sulfisoxazole for three days. The interval

f rom the primary to the secondary case r¡/as 10 days. Both cases \üere

attríbuted to sulfisoxazole resísËant group B meníngococcus.

Studies of the effectiveness of rifampin have been encouraging,

and the Bl strains isolated in ManÍtoba were all shovm to be sensíÈive.

However, reports of rapid development of resístant straíns following

therapy with this drug (Guttler et al, 1971) indícate that ít would

have 1imíted use as a widespread prophylactic.

Results from this study as r¿el1 as that reported by Devine

(1970) and Guttler et al (1971) indicate that minocycline ís a
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potentially useful prophylactÍc anLimicrobial êgent" It was

equally effective for all sero-groups and at the end of 90 davs

r¡as effective 'in eradicating t.he carríer state approxímatery j5

per cent of the tíme. This was the same rate of reduct.ion achieved

when sulfisoxazole was used to treat sulfisoxazole-sensitive strains

of meningococcus.

In víer¿ of these encouragÍng results further tri a1s are

warranËed using larger experimental populations. Special att.ention

should be paid to the rate of development of resístant straíns.



VII. DETECTION OF

THE IND]RECT

GROUP A ANTIBODY I^IITH

HEMAGGLUTINATION TEST
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A limitation encountered in Ëhe study of the epidemíoIogy

of the meningococcus is the inabilíty to identify the etiology

of the infection in many instances. The appearance of sero-group

A meningococcus in this province, and the developmenL of sulfonamide

resist.anee within the various sero-groups, emphasÍzes the importance

of a serological method that is sero-group specifíc and sensitive

enough to deËect the asymptomatic carrier, as well as identífy the

etiology of a clinical case.

This po::tion of the study describes the antíbody response

followíng asymptomatíc carriage of group A meningococcus as well

as antibody response following group A associated disease, as detected

by the indírect hemagglutination test.

One or more serlrm samoles vrere collected from

bacteríologically confirmed meningococcal disease.

23 were group A, 13 were group C, and 10 were group

J-'^^^^^UfùgdÞe.

46

0f

B

^^+;^-.e^ =-ilLPéLlsrrLÞ wrLIl

the 46 cases,

associated

Figure 6 indicates the specificity of the HA test to detect

group A antibody. This graph shor,vs the HA titres obtaíned with the

sera of 46 patients agaínst group A antigen. The sera of patíents

with group B and C disease show little or no response to the group A

^-^+-í-^- -.^r -^-e h¡ve fjtres.>32.4!¡L!69rlt 4rlq ¿IUI¡u ¡¡av s !¿!LvÐ 
'4J

Hemagglutínation Ëitres ín sera obtained from paËíents with

group A disease against group À antígen are presented in Fígure 7.

Sera obËained from three paËíents vias undated. The composíte graph
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FIGURE 6 
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FIGURE 7.

I.I.,A. TITRES WITH GROUP A ANTIGEN
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represents the hemagglutination titres determined in 34 serum

samples collected from the remaining 20 patients at the indicated

time after hospital admission. Durins rhe- first three days the

majority of sera had antibody titres less than 32. two of- the 12

sera collected çlrrrino l-hiq noriod yielded titres greater than 256.

Five patíents had hemagglurÍnarion titres r{32 after the fifth day

of íllness. The remaíning 15 patients had tirres?r2B after five

days.

Sera was obtaíned from nine patíents approximately 18 months

after the onset of illness. These patients had títres ranging from

4 to L2B. Two of these patienrs wirh HA titres of 16 and 64 carried

group A meníngococcus in the nasopharynx at the time the sera was

obtained. This drop in hemagglutínation titre following disease

appears to be independent of asymptomatic carríage of the organism.

HA titres against group c antigen ín sera of t3 patíents with

group c disease are shown in Figure 8. As demonstrated with group A

disease, hemagglutinaËion títres rise rapidly duríng Ëhe first fíve

days of illness. Two patients failed to have Èitres >32 after the

fifth day of illness.

The distribution of indirect hemagglutination titres in a group

of 110 asymptomatÍc individuals is shovm in Figure 9. The 4l asymp-

tomatic carríers of menÍngococcus were divided accordíng to the

serogroup carried. The remaínino 6Q in.lir¡i.1,,¡'l o had nasopharyngeal

cultures negative for N" meningítidis. These are divided according

Èo their assocíation wíth cases of meníngococcal dísease. The control
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FIGURE B.

H.A. T¡TRES WITH GROUP C ANTIGEN
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FIGURE 9.
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group \^rere members of households in r¡hich there had been no known

cases of meningococcal disease"

Fifteen of the 24 carríers of group A meningococcus (62"/")

had HA títres ->32. None of the 17 carriers of group B or C meníngo-

coccus had hemagglut.ination t.itres greater Ëhan 32. The correlatÍon

of hemagglutinaËíon titre and negatÍve nasopharyngeal cultures ís

also noted in households of group B cases, group C cases as well as

the control group. 0f these 52 individuals, a1l had titres i:2.

Two members of this group had nasopharyngeal cultures negative for

meningococcus and HA títres Þ250. Both of these were members of

households in whích a case of group A associated disease had occurred.

The correlaËion of group A antibody response as deLerrnined by

the indirect hemroolrrfinnfinn fitre and the quantiËatíve determination

of antibody by radj-oacÈive antigen binding capaeiËy is presented in

Figure 10. These are results obtaíned r¡íth 103 sera collected from

patients with a clinícal diagnosis of menÍngococcal meningitís.

The rank-correl-ati-on coefficient was used to test the hvpothesis

that the tr¡o variables were independent. (Ðixon, 7969). This test

has the advantage that no assumptíons are made as to whether the two

varíables are normally distributed. The level of signíficance of

this correlation \ùas tested usins the student t test
\o(t= ) tn-zl r¿ / (t-n2) ) .l \-. -¿

A hish correlation \Á/as found in the results of these two deter-

minations of antibody response follorvíng clinícal disease

(r^= .849 p .001) . A high correlatíon for Èhese Ëwo determinations
Þ
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FIGURE 10.
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in sera of 126 asymptomatic individuals was also noted

(r"= .475 p .001). These resulrs were verified using the

cola*"n-rruskal index of correlation for grouped dara ((endall, M.G.

and stuart, A. Advanced Theory- of staËistics, znd. Edition.).

This test indicated a correlation of "884 and .592 for the antibody

determinations ín sera of cases and contacts of cases respectively.

rn five patients with bact.eriologíca11y confirmed group A disease,

the HA Eitres remaíned(3z.fr"r the fÍfth day of illness. Table XV

shov¡s the distribution by age of äA titres following group A d.Ísease.

All sera was collected after the fifth day of illness. Four of the

five patients wíth little or no HA antibody were under the age of

t\^ro years.

Two patients with group c disease failed to demonstrate HA

titres against that antígen. Table xvr shows the dístribution bv

age of HA titres obtained after the fifth day of illness in 10 patíents

wíth group c disease. one of the patients who failed to show any HA

antíbody was under the age of two however, 3 patients rvhose ages were

two months, four mont.hs and one year, had hemagglutinatÍng antibody

rírres èzso "

sera from patíents wíth group B or c meningococcal disease had

antibody concentratíons which ranged from (.23 to 7 .6r micrograms of

antibody protein/ml as determined by the radíoimmuno assay method

trSinq a nrrrifjpri ornttn Â onÈinan R.rr *1-a F,'F¡tr l--. ^€ -i1'r..^^^!!reu Br-oup Ír ¿i.nLJ-ggn. DJ Lr¿E rr! Lrr uaj v! rrrlrçÞÞ 
" 

all

patients with group A disease had antibody concenËratíons l0 mícrograms/

nl with this technique. The distributíon of antibody concentration
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TABLE XV

AGE OF TITRES OF

17 PATIENTS WITH

HA ANT]BODY TO GROUP A

GROUP A DISEASE

BY

IN

Age

No'

No. Tested r{ 4

of sera with indícated titre
B 16 32 64 >ne

B-24 mos.

2-B years

-Þ 16 years

,! all sera collected after 5th day of íllness
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TABLE XVI

AGE OF TITRES OF

IO PÄTIENTS W]TH

HA ANT]BODY TO GROUP C

GROUP C DISEASE

BY

IN

Age No. tested
No. of

\4

sera)k

816
with indícated títre

32 64 '>/L28

B-24 mos.

2-B years

)> B years

tl all sera collected afËer 5th dav of illness



-7 0-

by age is shown ín Table XVII. The five parients in which HA

ant,íbody \,¡as not detected are shorvn. f.n most cases antíbody con-

centrations \arere low, but detectable, reflectíng the greater sensí-

tivíty and specíficity of the radio immuno assay method.

\nlhether or not there ís a pati-ent-age relationsl-rip to the

quantity of group A anlíbody produced ís not clear from this data"

This poínt warrants furLher investígation.

DISCUSS]ON

Hammond et al (1968), using an impure anËigen to sensitÍze

erythrocytes found that they required specíal treatment to achieve

sensitízatíon. However, this difficulty \das not encountered ín

working with the impure group A antigen. The test \"ras found to be

group specific and sensit.ive enough to detect 75 per cenË of the

clinícal cases of group A disease by the fífth day of illness. The

somewhat lower sensitivity in detection of asymptomatic carriers of

group A meníngococcus (62 per cent) may be a reflection of the length

of carríage at the tíme the sera was collected.

The indirect hemagglutínation test was found to be a technically

simple procedure and although not sensitive enough to detect all cases

of group A disease, once st.andardized, could be a useful method in the

study of the epidemiology of this organism"
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TABLE XVII

ANTIBODY CONCENTRATION AS DETERMINED BY RADIOACTIVE ANTTGEN

BINDING TECHNIQUE IN SERA OF 16 PATIENTS \^IITH GROUP A DISEASE

AGE

B-24 months 2-8 years .}Byears

15 . B8:t

15 .83*

10.07:t

37.53r"

-7 40

>40

-: ¿O

>40

)¿o

)¿o

19 .19

>40

10.79'i

23.L5

>40

All sera collected after the 5th dav of illness

>t T{À ti rrpe .( ?2
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There has been an increased incídence of meningococcal infec-

Èions in Manitoba, beginníng ín 1970 and contÍnuing ínto rg72.

Thís is attríbuted to the introductÍon into the communitv of sero-

group A meningococcus as well as an íncreased íncidence of infection

with the other endemíc sero-groups. These cases have occurred wÍth

increased frequency among the naÈive rndian populatÍon, and have

shown a strong association with low j-ncome famílies. Most cases

occurred ín March, April, and May with the híghesE incídence of

dísease in children under Ëhe age of two years. Geographic plotting

of cases show a gradual southerly drífË.

surveys to detect nasopharyngeal carriers have shown the risk

of ínfection Lo be high ín families in which a case of meninsococcal

dísease had occurreri irreqnanri.ve of the serogroup of the index case.

Although risk of dísease is hígh for the younger individual, the risk

of ínfecÈion in Ëhese homes was found to be equal for a1l age groups.

rn contrast to the hígh carríage rate among the families of cases rwe

\.{ere not able to demonstrate any increased risk of infectíon for

nursing staff or sËudents \,rho are assocíated wíth cases or carriers

of meníngococcus.

Results of the comparison of minocycline and sulfisoxazole j-n

Ëhe treatment of carriers show that mínocycline is a promisíng prophyl-

actic antimicrobial agent.

Evidence T/üas presented that indicates the índirect hemagglutina-

tion test to be a useful epiderniological method in the study of group

A associated meningococcal disease.
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