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SUMMARY

Based on 92537 blood samples received from 7365 patients with a request for a meningococcal

antibody test (MAT) during a 10-year period (1986–1995), the usefulness of the test in the

diagnosis of meningococcal disease was assessed. Of 635 patients with culture-confirmed

meningococcal disease, 88% were seronegative on admittance to hospital and 90% were

seropositive 10–15 days after onset of disease. The humoral immune response in children

<2 years of age was weaker than in older children and adults. Among 893 MAT-positive patients

without culture-confirmed meningococcal disease, 261 (29%) had been notified as cases of

meningococcal disease. Among 228 patients notified as serologically confirmed the MAT results

were consistent with the clinical diagnosis in 86%. MAT is a reliable tool for establishing a

diagnosis in patients with suspected meningococcal disease. Key factors facilitating appropriate

interpretation of negative as well as positive test results were: time(s) of sampling(s) after onset of

disease, age of the patient and clinical features.

INTRODUCTION

Meningococcal disease is a serious but uncommon

event for which immediate diagnosis by culture of

Neisseria meningitidis from normally sterile sites is

still the gold standard. Outside periods or settings

(e.g. military camps) with epidemics, prospective

studies of the immune response in patients with

meningococcal disease have proved to be difficult.

We analysed results generated in the routine serology

laboratory at the Neisseria Unit, Statens Serum

Institut over a 10-year period from 1986 to 1995, in

conjunction with information available through the

National Laboratory Surveillance System for me-

ningococcal disease (Neisseria Unit, Statens Serum

Institut), as well as the Clinical Notification System

for Communicable Diseases (Department of Epi-

demiology, Statens Serum Institut). Within the

study period the incidence of meningococcal disease

in Denmark varied between 4.5 and 5.6/100 000

population per year corresponding to between 216

and 297 notified cases per year. On average, 80% of

notified cases had been confirmed by culture of

N. meningitidis from cerebrospinal fluid (CSF) and/or

blood. Within the study period serogroup B ac-

counted for 68–82%, serogroup C for 16–31% and

other serogroups for 1–4% of the annual number of

culture-confirmed cases of meningococcal disease.

Commencement of antibiotic therapy before hospi-

talization increases the proportion of clinically diag-

nosed meningococcal disease cases. The potential of

nucleic acid amplification techniques for improved

detection of N. meningitidis was recently reviewed by

Fox [1]. The use of serological markers of infection

adds another dimension to the surveillance of me-

ningococcal disease. Furthermore, during vaccine
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field trials, the ascertainment of suspected cases is

often difficult due to lack of confirmatory laboratory

tests, thus hampering the interpretation of vaccine

efficacy. Since the complement fixation test does not

detect antibodies induced by vaccination with the

meningococcal A and C polysaccharides [2, 3] its use

for case ascertainment in vaccine field trials will

remove one source of bias. It has been suggested that

the complement fixation test may be a useful tool for

estimating the efficacy of the serogroup C vaccine in

reducing the acquisition rate of serogroup C strains

[3]. A meningococcal antibody test (MAT) designed

for diagnosis of disease may, therefore, still have a

role to play [4].

In Denmark, the MAT became routinely available

at the Statens Serum Institut in 1941 prompted by the

first signs of the epidemic occurring during World

War II [5]. The aim of the present study was to assess

the diagnostic performance of the MAT when avail-

able as a routine test during a period of hyperendemic

meningococcal disease dominated by sporadic cases

of serogroup B infection.

METHODS

Serum samples

The material comprised 9257 blood samples received

during a 10-year period (1986–1995) with a request

for examination with the MAT at the Neisseria Unit,

Statens Serum Institut, which serves all hospitals and

practitioners in Denmark. The sera originated from

7365 patients. From the written request form the fol-

lowing information was available : age and gender,

name or civil code, date of sampling and the health

service involved. The annual number of patients tes-

ted by MAT increased significantly during the study

period (from 459 to 986) even though the annual

numbers of notified and bacteriologically verified

cases of meningococcal disease decreased from 282 to

235, and 225 to 178 respectively (Fig. 1).

Assessment of the study population

Two sources of information were available :

(1) All N. meningitidis isolates from patients hospi-

talized with invasive meningococcal disease are

referred to the Neisseria Unit for determination

of epidemiological markers (serogroup, serotype,

serosubtype and antimicrobial susceptibility pat-

tern). For each individual patient information

is given about date(s) of sampling(s) and type

of material (CSF, blood, etc.) from which N.

meningitidis has been cultured. Isolates from

95–98% of all cases notified as culture confirmed

are referred to the Unit.

(2) The Clinical Notification System for Communi-

cable Diseases. All cases of clinical or suspected

meningococcal disease are notifiable on an indi-

vidual basis. The cases are coded according to

their clinical manifestations as meningococcal

meningitis, meningococcal septicaemia or men-

ingococcal meningitis plus septicaemia. Each of

these groups is subdivided according to the evi-

dence on which the aetiological diagnosis is based:

microscopy, antigen detection, culture, serology,

etc. For each notified case of meningococcal dis-

ease, the Department of Epidemiology routinely

makes a request for a copy of the hospital’s dis-

charge letter to the general practitioner. Cases of

other forms of purulent meningitis are grouped

according to aetiology, e.g. Streptococcus pneu-

moniae or Haemophilus influenzae type b, or as

purulent meningitis of unknown aetiology.

MAT

The preparation of antigen and the complement fix-

ation test employed was analogous to that described

for the detection of gonococcal antibodies [6], except

that phosphate-buffered saline was replaced by ver-

onal-buffered saline (pH 7.2) with optimal concen-

trations of Ca2+ and Mg2+. To avoid false-positive

results caused by human rheumatoid factor reacting

with determinants assessable on complexed rabbit
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Fig. 1. Annual numbers of patients from whom one or more
serum samples were tested for meningococcal antibodies
(–2–), numbers of notified cases of meningococcal disease

(–&–), and numbers of culture-confirmed cases of me-
ningococcal meningitis and/or septicaemia (–�–).
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IgG, the amboceptor used was rabbit IgM antibody

to sheep red cell ghosts. Until 1992 a pool of heat-

treated (56 xC for 20 min) whole cells from meningo-

coccal strains of serogroups A, B and C and from

1993 a pool of serogroup B and serogroup C strains,

including current outbreak strains was used as anti-

gen. Guinea-pig serum was used as complement

source. Fresh guinea-pig serum was kept as small ali-

quots in liquid nitrogen and once thawed, used im-

mediately. The MAT titres are expressed as degrees of

potency (DP) calculated as described by Kristensen

[7], i.e. the DP being defined as that value of n, which

when substituted in the formula a=0.025r3xn/3

gives a value exactly equal to the volume of serum

containing enough antibody (one unit) to give a

minimum reaction, i.e. 60% inhibition of haemolysis.

Before testing all sera were heat-inactivated (56 xC

for 20 min). The initial serum dilution was 1:12.

Seroconversion was defined as a change from negative

to positive at a level o3 DP. A difference of o3 DP,

which corresponds toothree-fold change in antibody

titre was the criterion for serological response. If

two or more tubes of the three-fold dilution row of

a serum showed partial haemolysis the result was

designated an atypical positive test result.

The intra- and inter-assay variations of the per-

formance of MAT were determined by triplicate test-

ing on three different days of one negative (just below

cut-off), one moderately positive and one strongly

positive serum sample. Using the same sera, these

experiments were performed independently by two

technicians. One of the technicians performed a sec-

ond experiment using a further set of four sera (three

positive and one with an atypical positive test result)

and another source of sheep red cells.

Statistics

To determine the intra- and inter-assay variation of

MAT titres an analysis of variance was performed.

Wilcoxon’s test was used for comparison of distri-

bution of patients with serogroup B and serogroup C

meningococcal disease according to age. The distri-

bution of MAT titres according to days of sampling

for patients f2 years of age and those o3 years of

age was assessed by the LMS method [8]. The effect of

gender, serogroup and age on the level of MAT titres

was estimated by a linear model of log (MAT) using

these factors and ‘day of sampling’ as qualitative ex-

planatory variables. Estimates of negative fraction of

MAT titres according to days after onset of disease

and of differences in immune response (MAT titres)

were done by logistic regression analysis. The soft-

ware package SAS, version 8.2 (SAS Institute Inc.,

Cary, NC, USA) was used for analysis of the data.

A P value of<0.05 was considered to imply statistical

significance.

RESULTS

MAT

Based on limited data the repeatability of the test

results, including those of sera with a negative and

an atypical positive reaction, was 100%. Without any

observed variation in test results for the individual

sera the coefficient of variation was zero. The stan-

dard deviation of the repeatability was estimated to be

0.49 DP. From a practical point of view this means

that the variation of a MAT result is a maximum ¡1

DP and that a change in titre ofo3 DP is statistically

significant.

Laboratory results

A total of 9257 samples from 7365 patients were tested

by MAT; from 5755 patients only one, from 1399

patients two, and from 211 patients three or more

samples were available. Of the 9257 sera 1496 (16%)

were MAT positive. In addition, 80 sera (0.86%)

exhibited an atypical positive reaction. These latter

sera were excluded from the analysis unless mentioned

specifically. Of the 1496MAT-positive sera, 340 (23%)

were from patients with culture-confirmed meningo-

coccal disease (Table 1) and 1156 (77%) from patients

without culture-confirmed meningococcal disease

(Table 2).

Patients with culture-confirmed meningococcal disease

By comparison with the files of the National

Laboratory Surveillance System it was found that 858

serum samples (9.3%) originated from 635 patients

with culture-confirmed meningococcal disease.

For culture-confirmed cases onset of disease (day 0)

was defined as the day on which the first sample of

CSF and/or blood with positive culture for N.

meningitidis was taken.

A single serum sample only was available from 450

patients (Table 1) ; of these, 131 (29%) were MAT

positive. Six sera (1%) showed atypical positive test

results. Of 260 samples drawn within 48 h after ad-

mittance to hospital 228 (88%) were MAT negative,
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16 (6%) weakly positive and 16 (6%) moderately or

strongly positive. Of 29 samples drawn during the

second week after onset of disease, two (7%) were

MAT negative, three (10%) weakly positive, 22

(76%) moderately or strongly positive and two (7%)

showed an atypical positive test result.

In total, 408 sera were available from 185 patients

in whom two or more samples had been drawn (Table

1). Of 118 patients from whom samples were drawn

within 48 h after admittance to hospital, 103 (87%)

were MAT negative at that point. Seroconversion was

demonstrated in 84 (45%), a significant change in

titre in 11 (6%), static titres in 40 (22%) and other

reaction patterns in the remaining 12 seropositive

patients. Of 32 seronegative patients, 13 had been

tested during the second or third week after onset of

disease. Sera from six patients showed atypical posi-

tive MAT results in both samples.

In 629 patients (99%) information about age, sam-

pling dates, test results and serogroup determination

of the invasive meningococcal strains were available.

Excluding the 18 sera with an atypical reaction

(Table 1), 836 sera from these 629 patients were

available for the assessment of the humoral immune

response as reflected in the MAT results. The age

distribution is shown in Figure 2. The median age was

11 years. For patients with serogroup B infection (n=
472) the median age was 9 years (range 0–88 years)

and for those with non-serogroup B infections (n=
157) the median age was 14 years (range 0–77 years).

This difference is significant (P=0.03). Serogroup C

accounted for 90% (142/157) of non-serogroup B

infections.

The majority of negative MAT results occurred in

samples drawn shortly after onset of disease (Fig. 3).

Between days 10 and 15, 90% of patients had become

seropositive. Thus, the reason why a high proportion

of sera from patients with meningococcal disease was

MAT negative was that 75% of all sera were samples

collected early after onset of disease. No difference in

Table 1. MAT results of 858 serum samples from

635 patients with culture-confirmed meningococcal

disease 1986–1995

No. of
samples
per

patient

Total number MAT test results

Patients Samples Negative Positive Atypical

1 450 450 313 131 6
2 155 310 146 152 12
o3 30 98 41 57 0

Total 635 858 500 340 18

MAT, Meningococcal antibody test.

Table 2. MAT results of 8399 serum samples from

6730 patients without culture-confirmed meningococcal

disease 1986–1995

No. of
samples

per
patient

Total number Test results in MAT

Patients Samples Negative Positive Atypical

1 5305 5305 4825 451 29

2 1244 2488 1965 499 24
o3 181 606 391 206 9

Total 6730 8399 7181 1156 62

MAT, Meningococcal antibody test.
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Fig. 2. Age distribution of 629 patients with culture-
confirmed meningococcal disease from whom serum

samples were tested by MAT.
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Fig. 3. Observed ($) and estimated (——) negative fraction

of MAT results according to day after onset of disease :
analysis by logistic regression of 836 serum samples from
629 patients with culture-confirmed meningococcal disease.
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distribution according to day of sampling for patients

aged f2 years and those o3 years could be demon-

strated.

Figure 4 shows 25th, 50th (median) and 75th per-

centile curves of estimated MAT titres according to

number of days after onset of disease. The immune

response in children f2 years of age (Fig. 5) resulted

in lowerMAT titres than those found in older children

and adults (Fig. 6). The overall relative level of anti-

bodies (DP) was estimated as 1.31 (95%CI 1.18–1.44,

P<0.0001). No difference in the humoral immune

response according to gender (P=0.42) or serogroup

B or C disease (P=0.49) could be demonstrated.

In aggregate, MAT results obtained for 858 sera

from 635 patients with culture-confirmed meningo-

coccal disease showed that y88% of the patients

were seronegative on admittance to hospital and that

y90% were seropositive 10–15 days after onset of

disease. Within the first week of illness weakly positive

or atypical positive test results occurred regularly.

Patients without culture-confirmed meningococcal

disease

A positive test result was found in 1156 (14%) of 8399

serum samples from 6730 patients without culture-

confirmed meningococcal disease ; 62 results were de-

signated atypical. The majority 5305 (79%), was only

examined by a single serum sample of which 451 (9%)

were MAT positive. Among 3094 samples from 1425

patients tested at least twice, 705 (23%) samples from

501 patients were MAT positive (Table 2).

Supplementary information about the clinical

diagnosis was available for those patients who had

been notified as cases of meningococcal disease or as

purulent meningitis of other or unknown aetiology.

On 1 January 1987 the codes used for classification of

identified cases of bacterial meningitis were changed.

For this reason patients registered in 1986 have been

omitted from the assessment based on data obtained

from the Clinical Notification System for Commu-

nicable Diseases. During the period 1987–1995, 893

seropositive patients without culture-confirmed me-

ningococcal disease were recorded. Information

about signs and symptoms of disease useful for the

assessment of the positive test result was available in

261 cases notified as meningococcal disease (29%). A

total of 288 (87%) had been recorded as serologically

confirmed, whereas 13 (5%) were categorized as

positive by direct microscopy and 20 (8%) as clinical

meningococcal disease (Table 3) ; 12 MAT-positive

patients had been notified as cases of purulent men-

ingitis of unknown aetiology.
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Fig. 4. Smoothed 25th, 50th (median) and 75th percentile
curves of MAT titres (degrees of potency, DP) found from 0
to 21 days after onset of disease ; 95% point-wise confidence

limits for the median. Analysis of 836 serum samples from
629 patients with culture-confirmed meningococcal disease.

14

12

10

8

6

4

2

0
0 2 4 6 8 10

Days after onset of disease

12 14 16 18 20 22

D
eg

re
es

 o
f 

po
te

nc
y

Fig. 5. Smoothed 25th, 50th (median) and 75th percentile

curves of MAT titres (degrees of potency, DP) found from
0 to 21 days after onset of disease in 177 patients f2 years
of age (231 serum samples).
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Fig. 6. Smoothed 25th, 50th (median) and 75th percentile
curves of MAT titres (degrees of potency, DP) found from 0
to 21 days after onset of disease in 452 patients o3 years of

age (605 serum samples).
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The 893 MAT-positive patients were divided into

three groups according to the individual number of

sera tested: (a) one sample (n=410), (b) two samples

(n=341) and (c) three or more samples (n=142). For

patients from whom two or more serum samples were

available, the day on which the first blood sample was

drawn was registered as ‘day 0’.

Patients with a single sample positive in MAT (n=410)

Weakly positive test results (f3 DP) were found in

66% (271/410) of cases. The notified cases made up

7% (19/271) of those with titresf3 DP, 28% (23/83)

of those with titres of 4–6 DP and 52% (29/56) of the

strongly seropositive cases (o6 DP) (Fig. 7). In total,

Table 3. Numbers of notified cases of meningococcal disease among

893 MAT-positive patients without culture-confirmed meningococcal

disease 1987–1995

No. of
samples

per
patient

Culture-negative seropositive
patients

No. of patients notified under
code

Total
number Number (%)

Positive
MAT

Positive
microscopy

Clinical
diagnosis

1 410 68 (17) 54 6 8
2 341 158 (46) 139 7 12

o3 142 35 (25) 35 0 0

Total 893 261 (29) 228 13 20

MAT, Meningococcal antibody test.
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Fig. 7. Assessment of positive MAT results in single serum samples from 410 patients without culture-confirmed diagnosis of

meningococcal disease.
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71 (17%) had been notified, namely 68 as meningo-

coccal disease and three as meningitis of unknown

aetiology. The 68 notified cases of meningococcal

disease were coded as serologically confirmed (n=54),

positive by microscopy (n=6) or as clinical cases

(n=8).

In the three patients notified as meningitis cases

of unknown aetiology, the MAT results (5, 6, 8 DP)

indicated that N. meningitidis was probably the cause

of disease.

Seropositive patients from whom two samples were

tested (n=341)

Within this group 158 patients had been notified as

cases of meningococcal disease: 139 as serologically

confirmed, seven as confirmed by positive microscopy

and 12 as clinical cases (Table 3).

A change from MAT negative to o4 DP or a sig-

nificant change in titre was demonstrated in 83 out

of the 139 patients notified as serologically confirmed

cases of meningococcal disease; 20 patients showed

static titres o4 DP and 36 patients were weakly sero-

positive (f3 DP). Among the 19 patients notified

under the code positive microscopy and/or clinical

diagnosis eight patients showed seroconversion, two

showed static titres o4 DP and nine were weakly

seropositive.

Since 1992 registration of seroconversion or sig-

nificant change in MAT titres in patients without

culture-confirmed diagnosis has been part of the sur-

veillance system, i.e. information about the serologi-

cal evidence of meningococcal disease is given to the

Department of Epidemiology and to the local medical

officer of health; in total 50 out of 63 patients (in this

category) had been or were subsequently notified. Of

the remaining 13 patients seven had substantial sero-

logical evidence of meningococcal disease and four

did not fulfil the serological criteria set up (misinfor-

mation).

Among seven MAT-positive patients notified as

purulent meningitis of unknown aetiology; five were

weakly seropositive and two had serologically evi-

dence of meningococcal disease (both showed sero-

conversion to MAT titre 11 DP; one had been

treated with antibiotic before sampling for culture

of N. meningitidis).

Seropositive patients from whom three or more

samples were tested (n=142)

This group comprised 142 patients of whom 35

were notified as serologically confirmed (Table 3) ;

seroconversion or significant change in titres were

demonstrated in 20 patients, high static titres in one

and low-level antibody response in 10.

Two patients had been notified as purulent menin-

gitis of unknown aetiology; both were weakly sero-

positive.

Patients notified as serologically confirmed cases of

meningococcal disease (1987–1995) (n=228)

In 1987 the proportion of culture-negative cases of

meningococcal disease coded as serologically con-

firmed was 28% (Table 4). In 1995 the percentage

had increased to 68% and since then it has been

around 80%. In 106 patients with seroconversion or

significant changes in MAT titres to or from an anti-

body level o4 DP the MAT results were considered

to support the diagnosis of meningococcal disease

strongly. An attempt to assess the diagnostic signifi-

cance of MAT by means of the hospital records was,

therefore, only made for patients whose sera showed

MAT titres f3 DP or a single or static MAT titre

of o4 DP.

Weekly seropositive patients (MAT f3 DP) (n=59)

The case histories of 37 patients (63%) were compat-

ible with a clinical diagnosis of meningococcal disease

(fever, neck stiffness and/or petechiae) ; nine of these

patients were f2 years of age. The clinical manifes-

tations in the remaining 22 patients (37%) among

whom three weref2 years of age included diarrhoea,

dermatitis atopica, peritonsillar abscess and other

Table 4. Proportions of notified cases that were

culture-negative and coded as serologically confirmed

1987–1995

Year

No. of

notified
cases

No. of culture-negative cases

Total

Serologically confirmed

No. (%)

1987 297 78 22 (28)
1988 258 40 15 (38)

1989 268 70 32 (46)
1990 251 78 29 (37)
1991 216 54 21 (39)

1992 224 31 19 (61)
1993 275 55 32 (58)
1994 220 30 18 (60)

1995 234 56 38 (68)

For 1986 these data are not available (see text).
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conditions, not supporting a diagnosis of meningo-

coccal disease.

Seropositive patients (MAT o4 DP) without

seroconversion or significant changes in titres (n=63)

In 54 (86%) of the 63 patients with a single or static

MAT titre of o4 DP the clinical manifestations

strongly supported the serological evidence of the

presence of meningococcal disease. In the remaining

nine patients the notification form did not contain any

or insufficient information to support or exclude a

clinical diagnosis. Five patients had been treated with

antibiotics before sampling.

In summary, among seropositive patients without

culture-confirmed meningococcal disease but notified

as cases of meningococcal disease the serological re-

sponse confirmed or supported the clinical diagnosis

in 86% (197/228) of cases.

Patients notified as cases of purulent meningitis of

unknown aetiology

From 1987 to 1995 there were 344 patients notified as

cases of purulent meningitis of unknown aetiology; of

these, 179 (52%) had one or more serum samples

tested by MAT. Among 92 patients from whom a

single sample had been tested only three (3%) were

seropositive, all with MAT titres indicative of men-

ingococcal disease. Among 87 patients from whom

two or more sera had been tested, two patients (men-

tioned above) showed seroconversion and seven were

very weakly and intermittently seropositive (1 DP). In

85 patients (98%) at least one sample had been taken

during the second or third week after onset of illness ;

the hospital records mention clinical meningitis in 68

patients and the simultaneous presence of petechiae in

eight patients (all seronegative) ; antibiotic therapy

had been given prior to sampling in 22 patients. Thus,

only two patients had serological evidence of me-

ningococcal disease.

Patients notified as cases of purulent meningitis of

other known aetiology

Over a 4-year period sera from patients with other

types of purulent meningitis were investigated. These

included cases of H. influenzae type b meningitis

(n=129), S. pneumoniae meningitis (n=212) or

infection with beta-haemolytic streptococci (n=22).

A single serum sample had been received from 38

patients of whom four with pneumococcal infection

and one with streptococcal infection were weakly

MAT positive.

Atypical positive reactions in MAT

Overall, atypical positive reactions were rare. Among

635 sera from patients with culture- confirmed me-

ningococcal disease 18 (2.8%) and among 8399 sera

from patients without culture-confirmed disease 62

(0.7%) showed atypical positive reactions in MAT

(Tables 1 and 2). Thus, nearly a quarter (22.5%, 18/80)

of these reactions were found in sera from patients

with proved meningococcal infection. Six of the

remaining patients were notified as cases of meningo-

coccal disease. Atypical reactions occurred primarily

early or late in the immune response, i.e. in sera

obtained before and after those with typical positive

reactions. In some cases the atypical reaction was

associated with the presence of heterophilic anti-

bodies to sheep erythrocytes (Lind, I., unpublished

results).

DISCUSSION

The crucial role of humoral antibodies in protective

immunity to, and natural restoration to health from

meningococcal disease was recognized shortly after

the first isolation of the causative agent, Neisseria

meningitidis, in 1887 [9]. Serum therapy had already

been developed before World War I and was the only

treatment available until the introduction of sulpho-

namides in 1937. Several serological methods for

diagnosis as well as for the assessment of natural

immunity were developed [2, 5, 10–13] and since

the unique work of Goldschneider and colleagues [14,

15] the complement-dependent bactericidal activity

of serum has been considered the primary correlate of

protective immunity. At that time the occurrence of

meningococcal disease was related more to the unique

susceptibility of the individual host than to the innate

virulence of the infecting organism [14]. Later devel-

opment of sophisticated serological and molecular

methods for determining the relationships between

meningococcal isolates substantiated the view that

meningococcal populations are antigenically and gen-

etically diverse and that only a few ‘hypervirulent ’

strains cause most cases of invasive disease [4].

The potential of a meningococcal complement fix-

ation test as a diagnostic tool was pointed out in the

1940s [5, 10, 12] but it has not been widely used. The

genus specific test described by Edwards and Devine
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in 1968 [3] has been used in studies of the immune

response in vaccinees and carriers [2, 3] and in a pro-

spective study carried throughout 1970–1971 among

87 recruits with serogroup C meningococcal disease

[16]. The latter study showed that the induction phase

of the immune response was shorter in persons with-

out detectable antigen in their serum than in those

with antigen present in their sera (median, 24 vs. 60 h).

The clearance of antigen from serum appeared to re-

late to the formation of immune complexes. Antibody

activity may also be absent from serum due to block-

ing by IgA [17]. These findings offer explanations for

the observed variability in the length of the period

before antibodies are detectable.

Another factor influencing the capacity of the

MAT to detect a significant level of meningococcal

antibodies is the composition of the antigen. In the

individual patient the most reliable measure of the

induction of complement-fixing antibodies has been

obtained using the homologous strain as test antigen

[18]. However, we have shown that the use of an anti-

gen prepared from apool of epidemiologically relevant

strains allows the detection of an antibody response

in approximately 90% of patients with culture-

confirmed meningococcal disease, from whom sam-

ples were drawn during the second week after onset

of disease. This finding is in agreement with studies

on the kinetics of the immune response in individual

patients followed by consecutive sampling during

the cause of illness. The maximum response in adult

patients was recorded between days 7–15 and then,

in general, falling to below cut-off within 3 months

[18, 19]. For samples taken at this point a recent study

[19] has shown that single- point IgM enzyme im-

munoassay offers a tool for the laboratory confir-

mation of meningococcal disease. Such an assay might

be supplemented with assays determining IgM anti-

bodies against capsular polysaccharides B and C

[20], thus enhancing the value of seroepidemiological

surveillance. The immune response to capsular poly-

saccharides cannot be assessed by complement fix-

ation tests [2, 3]. In vaccinees seroconversion or a

significant increase in antibody titres measured by

a complement fixation test is thought to result from

acquisition of a carrier strain [2].

In the present study the duration of the immune

response and the mean levels of meningococcal anti-

bodies detectable by the complement fixation test

were dependent on the age of the patient, but un-

related to gender and to serogroup of the invasive

strain. In children<2 years of age the MAT response

was weak and transitory when compared to that in

older children and adults. Physiological hypo-

gammaglobulinaemia has been demonstrated in in-

fants from 2 to 4 months up to 2 years of age [21]. This

pronounced temporary drop correlates with a high

incidence of invasive disease caused by encapsulated

bacteria. Further, the complement system, which is a

major effector mechanism for the expression of anti-

body-dependent activity is still immature at that age

[22]. Densen hypothesized that the absence of specific

antibody to initiate classical pathway activation,

coupled with capsular sialic acid-mediated inhibition

of alternative pathway activity, might contribute to

the high prevalence of group B disease in young

children [22].

Studies on the immune response in patients with

meningococcal disease using others methods and

performed during epidemics or vaccine trials [2, 5,

10, 12, 16, 18, 23–25] have shown a pattern similar

to that found in the present study – seroconversion

in 80–90% of the patients within the second week

after onset of disease and a weaker and more transient

response in infants than that seen in older children

and adults.

Natural immunity to meningococcal disease ap-

pears to reflect the development of antibody to sub-

capsular, cross-reactive antigens following acquisition

of N. meningitidis carrier strains or N. lactamica [15,

26]. The induction of these antibodies does not confer

immunity in complement-deficient individuals [27].

In infants pharyngeal colonization with N. lactamica

precedes that by N. meningitidis by several years [15,

28, 29]. Olsen et al. [29] studied pharyngeal carriage of

N. meningitidis and N. lactamica in households with

infants within areas with high and low incidences

of meningococcal disease. They demonstrated a nega-

tive association between N. lactamica carriage and

incidence of meningococcal disease and a negative

association between N. lactamica carriage and N.

meningitidis carriage in the high incidence areas.

These findings support the view that N. lactamica

protects against meningococcal disease and pharyn-

geal colonization with N. meningitidis. Gold et al. [28]

studied asymptomatic carriage of N. meningitidis and

N. lactamica and showed that 66% of children who

acquired N. lactamica developed four-fold or greater

rises in titre of IgG antibodies to group A, B and/or

C meningococci compared to only 5% of control

children. Older children and adults in whom carriage

of N. lactamica is rare, develop antibodies by phar-

yngeal acquisition of non-pathogenic meningococci.
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A Danish study of the immune response following

acquisition of N. meningitidis among military recruits

demonstrated seroconversion to, or increase in MAT

titre at a low to moderate level, in 86% of cases [30].

Among Danish teenagers and young adults meningo-

coccal carriage rates between 30% [31] and 40% [30]

and MAT seropositivity rate, between 11% [31] and

22% [30] have been demonstrated. Among 225 in-

fants with haemorrhagic rash and fever, but without

confirmed or probable meningococcal disease [32],

only nine (4%) were weakly seropositive (Nielsen,

H.E. et al., unpublished observations). Current or

previous gonococcal infection [5, 10, 24] may induce

antibodies detected by MAT due to cross-reactive

antigenic determinants common to N. gonorrhoeae

and N. meningitidis.

In this study the gold standard for the diagnosis of

meningococcal disease was culture of N. meningitidis

from CSF and/or blood (or other sterile body fluid).

The Danish laboratory surveillance system was estab-

lished in 1974 and has documented that the pro-

portion of notified cases being culture confirmed has

remained constant at around 80%. An increasing pro-

portion of the remaining cases are now confirmed

serologically. In countries such as theUnitedKingdom

in which the practice of early antibiotic treatment is

growing, the discrepancy between numbers of notified

and culture-confirmed cases may increase. This dis-

crepancy could be further accentuated by a growing

reluctance to perform lumbar punctures on suspected

cases [1]. Under these circumstances the impact of the

introduction of nucleic acid amplification techniques

(e.g. PCR) for the diagnosis of meningococcal disease

is considerable.

Two recent studies include PCR as well as serology

among non-culture methods for a confirmatory diag-

nosis [33, 34]. Analysis of data on the laboratory

confirmation of 1749 notified cases of meningococcal

disease in Scotland during 1993–1999 showed that

after the introduction of these methods the proportion

of notified cases confirmed by culture fell from 58%

to 38% and that those confirmed by non-culture

methods increased from 1% to 35%. In 1999 16.5%

of all confirmed cases and 34% of cases confirmed by

non-culture methods had been verified only by serol-

ogy. In addition, most PCR-positive cases were con-

firmed by antibody testing [33]. The other study [34]

assessed 79 culture-negative cases classified by phys-

icians as suspicious for meningococcal disease during

a meningococcal vaccine field trial. The combined use

of PCR and antibody testing reduced the number of

suspicious cases from 79 to six, thereby improving the

potential of assessment of vaccine efficacy.

In conclusion, moderately to strongly positive

MAT results confirmed or supported the diagnosis of

meningococcal disease in patients with symptoms

compatible with meningococcal disease from whom

blood samples were drawn during the second or third

week after onset of disease. However, weakly positive

MAT results, especially in adult patients and es-

pecially if only a single test result was available could

not be interpreted reliably. The antibody response in

infants was weaker and more transient than in older

children and adults. Key factors enabling appropriate

interpretation of negative as well as positive test re-

sults were time(s) of sampling(s) after onset of disease,

age of the patient and clinical features.

ACKNOWLEDGEMENTS

The assistance of Ms. Inge Holm, Biostatistical Unit,

with computations, and of Ms. Marianne Hauge

Jensen, Department of Epidemiology, with procure-

ment of clinical data is gratefully acknowledged.

REFERENCES

1. Fox AJ. Nucleic acid technologies and meningococcal
infection. J Infect 2001; 42 : 100–103.

2. Artenstein MS, Brandt BL, Tramont EC, Branche WC,

Fleet HD, Cohen RL. Serologic studies of meningo-
coccal infection and polysaccharide vaccination. J

Infect Dis 1971; 124 : 277–288.
3. Devine LF, Pierce WE, Floyd TM, et al. Evaluation of

group C meningococcal polysaccharide vaccine in

marine recruits, San Diego, California. Am J Epidemiol
1970; 92 : 25–32.

4. Maiden MCJ, Spratt BG. Meningococcal conjugate
vaccines : new opportunities and new challenges. Lancet

1999; 354 : 615–616.
5. Krag P. The meningococcal complement fixation test

in the diagnosis of meningococcal meningitis. An

investigation of cases in 1941 [in Danish, English
summary]. Ugeskr Laeger 1942; 104 : 664–669.

6. Reyn A. Laboratory diagnosis of gonococcal infections.

Bull WHO 1965; 32 : 449–469.
7. Kristensen M. The complement fixation test in the

diagnosis of gonorrhoea (technique) [in German]. Acta
Pathol Microbiol Scand 1930; 7 : 87–106.

8. Cole TJ, Green PJ. Smoothing reference centile curves :
the LMS methods and penalized likelihood. Stat Med
1992; 11 : 1305–1319.

9. Branham SE.A defence of Epimetheus. Development of
knowledge concerning the meningococcus. J Am Med
Womens Assoc 1960; 15 : 571–575.

226 N. Weis and others

https://doi.org/10.1017/S0950268804003425 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268804003425


10. Cruickshank R. The complement fixation test in the
diagnosis of meningococcal meningitis. J Pathol

Bacteriol 1941; 52 : 142–145.
11. Edwards EA, Devine LF. A genus specific complement

fixation antigen from Neisseria meningitidis. Proc Soc

Exp Biol Med 1968; 128 : 1168–1173.
12. Thomas L, Smith HW, Dingle JH. Investigation of

meningococcal infection. II. Immunological aspects. J
Clin Invest 1943; 22 : 361–373.

13. Vedros NA, Hunter DH, Rust JH. Studies on immunity
in meningococcal meningitis. Milit Med 1966; 131 :
1413–1417.

14. Goldschneider I, Gotschlich EC, Artenstein MS. Human
immunity to the meningococcus. I. The role of humoral
antibodies. J Exp Med 1969; 129 : 1307–1326.

15. Goldschneider I, Gotschlich EC, Artenstein MS. Human
immunity to the meningococcus. II. Development of
natural immunity. J Exp Med 1969; 129 : 1327–1348.

16. Hoffmann TA, Edwards EA. Group-specific poly-
saccharide antigen and humoral antibody response in
disease due to Neisseria meningitidis. J Infect Dis 1972;
126 : 636–644.

17. Griffiss JM. Biological function of the serum IgA
system: modulation of complement-mediated effector
mechanisms and conservation of antigenic mass. Ann

NY Acad Sci 1983; 409 : 697–707.
18. Andersen V, Hansen NE, Karle H, Lind I, Høiby N,

Weeke B. Sequential studies of lymphocyte responsive-

ness and antibody formation in acute bacterial menin-
gitis. Clin Exp Immunol 1976; 26 : 469–477.

19. Robertson PW, Reinbott P, Duffy Y, Binotto E,

Tapsall JW. Confirmation of invasive meningococcal
disease by single point estimation of IgM antibody to
outer membrane protein of Neisseria meningitidis.
Pathology 2001; 33 : 375–378.

20. Andersen J, Berthelsen L, Lind I. Measurement of anti-
bodies against meningococcal capsular polysaccharides
B and C in enzyme-linked immunosorbent assays :

towards an improved surveillance of meningococcal
disease. Clin Diagn Lab Immunol 1997; 4 : 345–351.

21. Orlandini O, Sass-Kortsak A, Ebbs JH. Serum gamma

globulin levels in normal infants. Pediatrics 1955; 16 :
575–584.

22. Densen P. Interaction of complement with Neisseria
meningitidis and Neisseria gonorrhoeae. Clin Microbiol

Rev 1989; 2 : 11–17.

23. Griffiss JM, Brandt BL, Broud DD, Goroff DK, Baker

CJ. Immune response of infants and children to dis-

seminated infections with Neisseria meningitidis. J
Infect Dis 1984; 150 : 71–79.

24. Harthug S, Rosenqvist E, Høiby EA, Gedde-Dahl TW,

Frøholm LO. Antibody response in group B meningo-
coccal disease determined by enzyme-linked im-
munosorbent assay with serotype 15 outer membrane
antigen. J Clin Microbiol 1986; 24 : 947–953.

25. Pollard AJ, Galassini R, Voort EMR, et al. Humoral
immune response to Neisseria meningitidis in children.
Infect Immun 1999; 67 : 2441–2451.

26. Pollard AJ, Frasch C. Development of natural immun-
ity to Neisseria meningitidis. Vaccine 2001; 19 : 1327–
1346.

27. Figueroa JE, Densen P. Infectious diseases associated
with complement deficiencies. Clin Microbiol Rev
1991; 4 : 359–395.

28. Gold R, Goldschneider I, Lepow ML, Draper TF,

Randolph M. Carriage of Neisseria meningitidis and
Neisseria lactamica in infants and children. J Infect Dis
1978; 137 : 112–121.

29. Olsen SF, Djurhuus B, Rasmussen K, et al. Pharyngeal
carriage of Neisseria meningitidis and Neisseria lacta-
mica in households with infants within areas with

high and low incidences of meningococcal disease.
Epidemiol Infect 1991; 106 : 445–457.

30. Andersen J. Neisseria meningitidis : the carrier state.

Epidemiological and immunological investigations.
Thesis. University of Copenhagen, 1996.

31. Rønne T, Berthelsen L, Buhl LH, Lind I. Comparative

studies on pharyngeal carriage of Neisseria meningitidis
during a localized outbreak of serogroup C. meningo-
coccal disease. Scand J Infect Dis 1993; 25 : 331–339.

32. Nielsen HE, Andersen EA, Andersen J, et al. Diagnostic

assessment of haemorrhagic rash and fever. Arch Dis
Child 2001; 85 : 160–165.

33. Clarke SC, Reid J, Thom L, Denham BC, Edwards

GFS. Laboratory confirmation of meningococcal
disease in Scotland, 1993–9. J Clin Pathol 2002; 55 :
32–36.

34. Saunders NB, Shoemaker DR, Brandt BL, Zollinger

WD. Confirmation of suspicious cases of meningo-
coccal meningitis by PCR and enzyme-linked im-
munosorbent assay. J Clin Microbiol 1997; 35 :

3215–3219.

Serology in the diagnosis of meningococcal disease 227

https://doi.org/10.1017/S0950268804003425 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268804003425

