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SUMMARY

Individuals with properdin, C3 or late complement component deficiency (LCCD) frequently develop
meningococcal disease. Vaccination of these persons has been recommended, although reports on
efficacy are scarce and not conclusive. We immunized 53 complement-deficient persons, of whom 19
had properdin deficiency, seven a C3 deficiency syndrome and 27 had LCCD with the tetravalent
(ACYW) meningococcal capsular polysaccharide vaccine. Serological studies were performed in 43 of
them. As controls 25 non-complement-deficient relatives of the complement-deficient vaccinees and 21
healthy non-related controls were vaccinated. Post-vaccination, complement-deficient individuals and
controls developed a significant immunoglobulin-specific antibody response to capsular polysacchar-
ides group A, C, Y, W135, but a great individual variation was noticed. Also, the proportion of
vaccinees of the various vaccinated groups with a significant increase in bactericidal titre (assayed with
heterologous complement) was similar. Opsonization of meningococci A and W135 with sera of the 20
LCCD individuals yielded in 11 (55%) and eight (40%) sera a significant increase of phagocytic activity
after vaccination, respectively. Despite vaccination, four complement-deficient patients experienced six
episodes of meningococcal disease in the 6 years post-vaccination. Four episodes were due to serogroup
B, not included in the vaccine. Despite good response to serogroup Y upon vaccination, disease due to
serogroup Y occurred in two C8b-deficient patients, 3·5 and 5 years post-vaccination. These results
support the recommendation to vaccinate complement-deficient individuals and to revaccinate them
every 3 years.

Keywords meningococci Neisseria meningitidis complement vaccination phagocytosis
properdin

INTRODUCTION

The annual incidence of meningococcal disease in the general
population is in the range of 1–3 per 100 000 in European countries
and the USA [1]. Patients with a complement deficiency either of
an alternative pathway component (e.g. properdin), C3 or a late
complement component (C5, C6, C7, C8, C9) have a 5000–
10 000-fold greater risk of meningococcal disease than normal
individuals [2,3]. Recurrent meningococcal disease occurs in 6%
of properdin-deficient individuals because they have the capacity
to develop antibody-mediated defence against meningococci via

the intact classical pathway [4–6]. In contrast, approx. 50–60% of
the late complement component-deficient (LCCD) persons experi-
ence recurrent episodes of meningococcal disease [3,7]. This may
be due to a decreased immune response to meningococcal antigens
in LCCD persons compared with normal individuals, or due to the
lack of an intact terminal pathway, required to provide protection
by antibodies. Antibody-mediated meningococcal phagocytic kill-
ing is the only way LCCD patients can be protected against
recurrent episodes of meningococcal disease.

Because of the high risk of (recurrent) meningococcal disease,
it has been recommended to vaccinate complement-deficient
individuals against meningococcal disease [2–4]. The meningo-
coccal vaccine available, consisting of polysaccharides from
serogroups A, C, W135 and Y, provides protection for a restricted
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period of about 3 years in complement-sufficient persons, since it is
unable to activate T helper cells and to induce memory [8–13]. A
polysaccharide vaccine against meningococcus serogroup B, the
most frequent isolated meningococcal pathogen in Europe and the
USA, is not available. Capsular polysaccharide B is poorly
immunogenic in humans [14]. Since complement-deficient persons
contract meningococcal disease rather frequently due to the
uncommon serogroups W135 and Y [2–4], the tetravalent (A, C,
W135 and Y) polysaccharide vaccine is an appropriate vaccine to
provide protection, assuming that effective antibodies are devel-
oped, by which serum bactericidal activity and/or opsonophago-
cytosis are enhanced.

Due to the low frequency of complement deficiencies, being
0·03% in the general population in the Western world [3], the
immune response of complement-deficient persons upon vaccina-
tion with the tetravalent vaccine has been assessed in only eight
properdin-deficient persons [15–17], three persons with C3 defi-
ciency syndrome and 39 LCCD persons [18–20]. Most vaccinees
in these reports had already experienced meningococcal disease
and the protective effect of vaccination was only evaluated during
follow-up periods too short to record vaccine failures. We studied
the induction of antibodies upon vaccination with the tetravalent
meningococcal polysaccharide vaccine in 43 persons with various
complement deficiencies, of whom 15 were without previous
meningococcal disease. Their specific antibody levels and serum
bactericidal activity were compared with those developed in 25
complement-sufficient relatives of the complement-deficient per-
sons and in 21 healthy unrelated controls. To assess whether LCCD
persons may develop protection against recurrent meningococcal
disease by an increase of antibody-mediated phagocytic killing,
opsonophagocytic activity of pre-vaccination and post-vaccination
sera of LCCD patients was studied. After vaccination, 99 vaccinees
were contacted regularly and interviewed by telephone to report
episodes of meningococcal disease.

STUDY POPULATION, MATERIALS
AND METHODS

Study population
Complement-deficient patients were identified because of pre-
vious meningococcal disease as described elsewhere [21]. Their
complement-deficient relatives with or without previous menin-
gococcal disease were identified by pedigree studies [22]. In total,
53 complement-deficient persons were vaccinated, of whom 19

persons had properdin deficiency, seven a C3 deficiency syn-
drome and 27 a LCCD. After vaccination, serological and serum
bactericidal studies were performed in 43 of them (Table 1).
Among the 19 properdin-deficient persons, five had had menin-
gococcal disease episodes due to serogroup W135, four due to
serogroup Y, and one due to serogroup C. All properdin-deficient
patients were males, because the properdin gene is on the X-
chromosome. Of the four patients with C3 deficiency syndrome,
three had previous meningococcal disease due to serogroup
W135 and one had two episodes due to serogroup C and B. Of
20 LCCD patients, 14 had suffered from 16 episodes of culture-
proven meningococcal disease. These episodes were due to
serogroups C in three, to W135 in three, to Y in two, to B in
two, to X in two, to A in one, to Z in one and non-groupable
meningococci in two. All complement-deficient persons were
healthy and over the age of 9 years. Vaccination was done in
1991–1992. Complement-deficient persons with previous menin-
gococcal disease were vaccinated at least 0·5 years (range 0·5–
30 years) after their last meningococcal disease episode. None of
them had had a meningococcal vaccination previously, except
one C6-deficient patient who had been vaccinated with a menin-
gococcal AC vaccine 5 years earlier [23].

Two control groups were included in the study (Table 1). One
control group consisted of 25 healthy relatives of the complement-
deficient persons and the other control group of 21 healthy non-
related volunteers. Complement-deficient individuals and controls
were similar in number (except for four patients with C3 deficiency
syndrome) and mean age, but were different in gender and varied
in age. All controls had normal complement function as measured
by CH50 and AP50 and had never been vaccinated against menin-
gococci. They were vaccinated with the same lot of the tetravalent
polysaccharide vaccine as the complement-deficient persons. Con-
trols had no episodes of previous meningococcal disease. Permis-
sion for vaccination was granted by Commission ex article 14 of
the Netherlands Department of Public Health, the Hague, and
informed consent was given by all participants.

Materials
Vaccine. The meningococcal polysaccharide A, C, Y, W135

vaccine (MencevaxACYW), lot N134A13L, was kindly provided
by SmithKline Beecham (Rixemsart, Belgium). A single dose with
0·5 ml of the vaccine containing 50mg of each polysaccharide was
injected subcutaneously in the deltoid region once.

Meningococcal test strains. Meningococcal serogroup A-strain
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Table 1. Characteristics of complement-deficient individuals, their family controls and non-related healthy controls

Complement deficiency Controls

Properdin C3 deficiency syndrome* LCCD† Family Non-related healthy

Number of persons 19 4 20 25 21
Male/female 19/0 1/3 13/7 18/7 14/7
Mean age, years (range) 27·3 (16–58) 35 (19–58) 30 (9–50) 35 (11–62) 33·7 (22–59)
Previous NmD 10 4 14 0 0
Without NmD 9 0 6 25 21

NmD, Neisseria meningitidisdisease.
* Encompasses one C3-deficient, one factor H-deficient person and two persons with C3NeF.
† Encompasses one C5-deficient, three C6-deficient, six C7-deficient and 10 C8-deficient persons.



M1027 and serogroup C-strain C11 (used for preparation of the
purified capsular polysaccharides A and C) were donated by the
manufacturer of the vaccine (SmithKline Beecham). The ser-
ogroup W135-strain 6338 of the vaccine was kindly provided by
the Walter Reed Army Institute (Washington, DC). The vaccine
serogroup Y-strain 6306 was unsuitable, and replaced by a less
serum-sensitive serogroup Y strain obtained from the Netherlands
Reference Laboratory for Bacterial Meningitis (AMC, University
of Amsterdam, Amsterdam and National Institute for Public Health
and Environmental Protection, Bilthoven, The Netherlands).

Serum samples. Serum samples from vaccinees were collected
immediately prior to vaccination and 1, 2 and 6 months after
vaccination. Serum samples were flash frozen and stored in
aliquots at¹808C.

Complement source for bactericidal assay. For each meningo-
coccal serogroup (A, C, Y, W135) tested in the bactericidal assay,
serum was used from a healthy individual without serum bacter-
icidal activity. These sera had no blocking activity when they were
added to a meningococcal bactericidal assay test with homologous
complement, after heat inactivation. The sera, used as complement
source, had normal haemolytic complement activity (as deter-
mined by CH50 and AP50).

Preparation of polymorphonuclear leucocytes. Polymorpho-
nuclear leucocytes (PMN) from two healthy volunteers (one
heterozygous and one homozygous for the FcgRIIa/H131),
known to have a high affinity for IgG1, IgG2 and IgG3, were

used as effectors in the phagocytic assays. PMN were isolated from
heparinized blood and separated from platelets and mononuclear
cells by density gradient centrifugation over 1·076 g/ml Percoll
(Pharmacia, Uppsala, Sweden) as described previously [24]. Ery-
throcytes were removed by isotonic lysis at 08C. Purified PMN
were resuspended in calcium-free HEPES (Merck, Schuchardt,
Germany) containing 20 mM HEPES, 132 mM NaCl, 6 mM KCl and
1·2 mM KH2PO4.

Methods
Meningococcal capsular antibody quantification. An ELISA

was used to measure specific IgG, IgM and IgA against the
capsular polysaccharides. The capsular polysaccharides of sero-
groups A, C, Y, W135 were coated unto the ELISA plates with
methylated albumin, as described previously [25–27]. The purified
polysaccharides used as antigen in this ELISA were provided by
SmithKline Beecham. A pool of serum from adults vaccinated with
a tetravalent meningococcal vaccine (reference serum CDC 1992)
was kindly provided by Dr G. M. Carlone (CDC, Atlanta, GA) and
was used in all assays as a standard [28]. IgA, IgM and IgG
antibody levels in this standard serum against each polysaccharide
(C, Y and W135) were defined as 1000 U/ml each. For capsular
polysaccharide A the IgG, IgM and IgA levels of the reference
serum were defined as 4000 U/ml, because in the reference serum
the antibody levels against capsular polysaccharide of serogroup A
were four-fold higher than against capsular polysaccharide of
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Table 2.Meningococcal antibody levels (geometric means) to capsular polysaccharides of serogroup A (CPS-A), C (CPS-C), Y (CPS-Y) and W135 (CPS-
W135) before vaccination with the tetravalent meningococcal polysaccharide vaccine and 1 month after vaccination

Geometric mean (U/ml)

CPS Vaccination Properdin-deficient C3 deficiency syndrome LCCD Family controls Healthy controls

CPS-A IgG Prior to 69 103 316 116 149
1 month post 930 499 2928 1128 2668

IgM Prior to 380 330 544 178 464
1 month post 3293 2217 2822 1413 2353

IgA Prior to 44 33 133 159 88
1 month post 1805 1039 2295 1693 4528

CPS-C IgG Prior to 35 83 39 17 20
1 month post 484 3346 1158 1182 1082

IgM Prior to 228 189 230 72 128
1 month post 1258 1105 1428 569 1601

IgA Prior to 81 69 87 65 84
1 month post 884 350 1084 858 2166

CPS-Y IgG Prior to 45 17 37 32 135
1 month post 522 629 850 1051 1511

IgM Prior to 208 201 318 121 194
1 month post 937 1285 1110 553 961

IgA Prior to 113 124 148 82 336
1 month post 1352 2270 2437 2277 2224

CPS-W135 IgG Prior to 47 118 45 31 45
1 month post 946 3647 2577 1050 1475

IgM Prior to 196 246 219 109 116
1 month post 1439 2357 2027 656 1265

IgA Prior to 113 180 110 82 112
1 month post 2234 4852 3091 1211 2234

LCCD, Late component of complement-deficient.



serogroup C [28]. The specific serum IgG and IgM antibodies
against the various meningococcal capsular polysaccharides could
be completely inhibited by competitive inhibition assay [25]. No
cross-inhibition was observed by the various polysaccharides.

Bactericidal assay. A modification of the assay procedure as
proposed by the CDC was used [12]. After overnight culture on
gonococcal agar base (GC; Difco, Detroit, MI) medium, meningo-
cocci were grown until mid-log phase in rotating tryptic soy broth
(TSB; Difco), washed and resuspended in Gey’s balanced salt
solution (Life Technologies GIBCO BRL, Gaithersburg, MD). The
number of colony-forming units (CFU) was adjusted to 2×104/ml.
Of this bacterial suspension, 25ml (0·5×103CFU) were added to
50ml of serial dilutions of heat-inactivated serum (568C, 30 min).
Heterologous complement (17% final volume) was added. Each
well of a 96-well microtitre plate (Greiner Labortechnik, Lan-
gerthal, Germany) contained 150ml of the mixture. One serum with
known bactericidal activity was included in each experiment and
used as an internal standard. Controls for killing by buffer,
complement or heat-inactivated serum alone were also included
in each experiment. Incubation was done at 378C for 60 min. At
time 0 and 60 min 7-ml samples were dripped and by tilting run
over a GC plate. After incubation for 18 h at 378C, the number of
CFU was counted. Bactericidal titre was defined as the serum
dilution at which> 50% of the initial bacterial inoculum was killed.
The assay showed maximal intra- and interassay difference of one
dilution step.

Phagocytosis assay. Meningococci of serogroup A and W135

were grown in TSB to mid-log phase, washed in RPMI 1640 (Life
Technologies GIBCO BRL) þ 25 mM HEPES (Merck, Darmstad,
Germany) supplemented with 0·2% human serum albumin (Central
Laboratory of the Netherlands Red Cross Blood Transfusion
Service (CLB), Amsterdam, The Netherlands) and resuspended
in RPMI–HEPES plus albumin to a concentration of 7×103 CFU/
ml. The bacterial suspension (30ml) was added to 60ml undiluted
serum and 30ml PMN (7×106 cells/ml) in calcium-free HEPES to
a total volume of 120ml. Aliquots (20ml) were taken after 0, 90 and
240 min incubation at 378C, and were plated onto chocolate agar
plates. Colonies were counted after overnight incubation. All tests
were done in duplicate. Controls were bacteria suspended in
serum/calcium-free HEPES and bacteria suspended in calcium-
free HEPES with PMN (7×106 cells/ml). Pre- and post-vaccina-
tion sera were always tested simultaneously in one assay.

Colony counts obtained from the bacterial suspension–serum–
PMN mixture and from the controls, after incubation for 240 min,
were used to calculate the percentage phagocytic killing. A
significant increase of phagocytic activity induced by vaccination
was defined as an increase of>50% killing.

Statistical analysis. Geometric means of antibody levels,
correlations between antibody levels, bactericidal and phagocytic
activity, and Mann–Whitney rank sum tests of the differences in
antibody levels between persons with various complement defi-
ciencies and controls were calculated with Statgraph, version 3.0.
Correlation of the increase in serum bactericidal titre and the
increase in IgG and IgM anticapsular polysaccharide antibody
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Fig. 1. IgG levels (geometric means) to capsular polysaccharides of serogroup A (CPS-A), C (CPS-C), Y (CPS-Y) and W135 (CPS-W135) in
late complement component-deficient (LCCD;O), properdin-deficient (PD;X), C3 deficiency syndrome (C3D;P), family controls (B) and
healthy non-related controls (A) before vaccination and 1, 2 and 6 months after vaccination with the tetravalent meningococcal polysaccharide
vaccine.



titres was calculated as the correlation of (2log bactericidal titre at
1 month after vaccination minus2log titre prior to vaccination) and
(log antibody titre at 1 month after vaccination minus log titre prior
to vaccination).

RESULTS

Development of IgG, IgM and IgA serum anticapsular antibodies
Pre-vaccination serum levels. Serum IgG, IgM and IgA levels

(U/ml) against the capsular polysaccharides of meningococci A, C,
Y and W135 of persons with various complement deficiencies and
the complement-sufficient controls were low and showed no
significant differences (Table 2). Additionally, levels of anti-
capsular antibodies did not differ significantly between males
and females.

Significantly higher levels of IgG, IgM and IgA against
capsular polysaccharide of serogroup W135 were found in eight
complement-deficient persons with previous meningococcal dis-
ease due to serogroups W135 than in the 15 complement-deficient
persons without a previous meningococcal disease (Mann–Whit-
ney,P< 0·05). Also the IgM levels against the C polysaccharide in
four patients with previous meningococcal serogroup C disease
were higher than in the 15 non-diseased complement-deficient
persons, although not yet significantly (Mann–Whitney,P¼ 0·08).

Post-vaccination serum levels. All vaccinees responded to the
four serogroups of the vaccine, except two unrelated properdin-
deficient persons who did not respond to any of the four poly-
saccharides. In addition, two other unrelated properdin-deficient
persons and one factor H-deficient person only responded against
two of the four vaccine polysaccharides. Geometric means of the
anticapsular polysaccharide antibody levels of vaccinees from
either of the four groups increased significantly 1 month post-
vaccination (Fig. 1), reaching levels equal to those of the (post-
vaccination) reference serum. The induced levels of the various

immunoglobulin classes against the four serogroups upon vaccina-
tion showed a wide range. Patients with C3 deficiency syndrome
had the highest geometric means of the antibody levels. Responses
in males and females were similar. In the different complement-
deficient groups, the percentage of complement-deficient indivi-
duals with a four-fold or greater increase of the IgG, IgA and IgM
antibody titre varied between 60% and 100%. Such percentages
were also found for persons of both control groups. No difference
in response to the vaccination was observed between those with
and those without previous meningococcal disease. Maximum
levels of anticapsular polysaccharide IgG were reached 2 months
after vaccination (Fig. 1). Six months after vaccination, IgG levels
were still significantly higher than those in the pre-vaccination sera
(Fig. 1). The geometric mean IgG level against serogroups Y and
W135 in the C3 deficiency syndrome group declined significantly
compared with that in properdin-deficient individuals, LCCD
individuals, the family controls and the healthy non-related con-
trols. In more detail, it appeared that this decline was due to the
strong decrease of IgG level in one C3NeF patient of the four
persons with C3 deficiency syndrome.

Serum bactericidal activity
Serum bactericidal activity in all sera was tested in the presence of
heterologous complement. Complement-mediated serum bacteri-
cidal activity was present in pre-vaccination serum from 17 (89%)
of 19 properdin-deficient individuals, 16 (64%) of 25 family
controls and in 10 (47%) of 21 healthy controls against all four
serogroups. Pre-vaccination serum bactericidal activity against all
four serogroups was found in 14 (70%) of 20 LCCD individuals
and in all four persons with C3 deficiency syndrome. Post-
vaccination bactericidal titres in sera from complement-deficient
persons, against all four serogroups, were significantly (Mann–
Whitney rank sum test,P<0·003) higher than in post-vaccination
sera from their complement-normal relatives and the healthy
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Table 3.Geometric means of reciprocal of serum bactericidal titres (assayed with heterologous complement) to meningococci serogroup A (Nm A), C (Nm
C), Y (Nm Y) and W135 (Nm W135) before vaccination and 1 month after vaccination with the tetravalent meningococcal polysaccharide vaccine; the

percentage of persons with four-fold or greater increase in bactericidal activity upon vaccination

Geometric mean of reciprocal of serum dilution

Nm serogroup Vaccination Properdin-deficient C3 deficiency syndrome LCCD Family controls Healthy controls

NmA Prior to 8 7 7 4 4
1 month post 10 7 12 12 6
$ 4-fold increase 15* 0 25 47 33

NmC Prior to 51 37 76 36 7
1 month post 198 223 231 151 145
$ 4-fold increase 55* 75 58 56 76

NmY Prior to 161 128 112 72 29
1 month post 171 338 210 111 77
$ 4-fold increase 5* 50 41 26 38

NmW135 Prior to 71 28 142 30 27
1 month post 119 97 238 51 58
$ 4-fold increase 25* 50 29 26 19

*Percentage of vaccinees.
LCCD, Late complement component-deficient.



controls (Table 3). The same observation was made for the pre-
vaccination sera. All sera had a weak bactericidal activity against
serogroup A. The complement-deficient persons with previous
meningococcal disease had similar serum bactericidal activity to
those without previous meningococcal disease. The percentage of
persons with a four-fold or greater increase of bactericidal activity
1 month after vaccination ranged widely (Table 3). The increase in
bactericidal titre remained stable until 6 months after vaccination.

Correlation between the increase in anticapsular antibodies and
serum bactericidal activity in response to vaccination
Post-vaccination bactericidal activity and post-vaccination
increase of IgG levels (1 month post-vaccination) correlated only
in the properdin-deficient patients for serogroup C (r ¼ 0·7,
P¼ 0·008). For IgG and IgM only in LCCD persons such a
correlation was present against W135 (r ¼ 0·44, P¼ 0·05;
r ¼ 0·52, P¼ 0·017). For controls a correlation between serum
bactericidal activity and increase of IgG and IgM levels post-
vaccination was found for serogroups Y (r ¼ 0·3, P¼ 0·04;
r ¼ 0·29, P¼ 0·046) and C (r ¼ 0·35, P¼ 0·017; r ¼ 0·46,
P¼ 0·0012). Bactericidal activity against serogroup A correlated
only with post-vaccination IgG and IgM levels (r ¼ 0·3,
P¼ 0·024).

Opsonophagocytic activity of LCCD sera against serogroup A and
W135 strains
Phagocytic killing by PMN from healthy controls of meningococci
opsonized with the pre-vaccination sera of the 14 LCCD patients
with previous episodes of meningococcal disease and pre-vaccina-
tion sera of six LCCD persons without previous meningococcal
disease were not different. Compared with the pre-vaccination

sera, phagocytic killing of serogroup A meningococci was sig-
nificantly enhanced by post-vaccination sera from 11 (55%) of the
20 LCCD individuals (Fig. 2). Killing of serogroup W135 was
significantly increased in post-vaccination serum from eight (40%)
of the 20 individuals. Enhancement of killing by PMN of both
serogroup A and W135 occurred in sera from nine (47%) LCCD
individuals. Results of phagocytic killing assay were similar in sera
from C5-, C6-, C7-, C8-deficient persons. No association was
found between IgA, IgG and IgM anticapsular antibody levels as
measured by ELISA and an enhanced phagocytic killing of
meningococcal A or W135 strains, except between the IgM level
and killing of serogroup A (r ¼ 0·6,P¼ 0·005). Opsonophagocytic
activity of the serum after vaccination was strongly impaired for
serogroup A in the C5-deficient patient and for serogroup W135 in
two unrelated C7-deficient patients.

Assessment of meningococcal disease after vaccination
After vaccination all 99 vaccinees were asked to report subsequent
episodes of meningococcal disease and were interviewed by
telephone in November 1997. The interval between vaccination
and the final assessment whether disease had occurred ranged
between 4 and 6 years. In total, six episodes of meningococcal
disease occurred in four of the 53 complement-deficient vaccinees.
No meningococcal disease occurred in the controls. Three of them
had experienced meningococcal disease prior to vaccination. One
was a 24-year-old C3-deficient female, with previous meningo-
coccal disease due to serogroup B. She developed 2 years after
vaccination a serogroup B meningococcal disease. A C8b-deficient
male, aged 24 years, with previously meningococcal disease by a
non-groupable meningococcus, developed meningococcal sepsis
due to meningococcus Y, 3·5 years after vaccination. This patient
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Fig. 2. Percentages of meningococci serogroups A and W135 killed by test polymorphonuclear leucocytes (PMN) in the presence of sera taken before and
6 months after vaccination of 20 late complement component-deficient (LCCD) patients (each set of bars represents the results obtained with serum of one
individual).



had high antibody levels (IgG 800 U/ml, IgM 2900 U/ml and IgA
1890 U/ml) against polysaccharide Y 6 months after vaccination.
Another C8b-deficient patient, a 23-year-old woman, had previous
meningococcal disease episodes due to serogroups Y and C. One
year after vaccination she developed a serogroup B meningitis, and
2 years later she had clinically meningococcal septicaemia with
petechia (culture results were not available). Five years after
vaccination she had an episode of meningitis due to meningococcal
serogroup Y. She also had a good response upon vaccination
against capsular polysaccharide of serogroup Y. Antibody levels
were IgG 200 U/ml, IgM 7200 U/ml and IgA 1700 U/ml 1 month
after vaccination. The fourth vaccinee with meningococcal disease
after vaccination was a 19-year-old C8b-deficient woman. She
contracted meningococcal disease due to serogroup B 2 years after
vaccination.

DISCUSSION

Complement-deficient persons have a highly increased risk of
contracting meningococcal disease [2–4]. Vaccination in them
has been recommended, although large controlled studies of the
efficacy of the vaccination are not available [3,4]. We studied the
occurrence of meningococcal disease after vaccination with the
tetravalent meningococcal polysaccharide vaccine in 53 comple-
ment-deficient patients and 46 complement-sufficient controls. The
response to this vaccine is supposed to be effective in vaccinees
>2 years old [13]. In our study all vaccinees were> 9 years old.
Vaccine failures, defined as the occurrence of meningococcal
disease due to a meningococcal serogroup included in the vaccine
within 3 years after vaccination, were not found. This contrasts
with the observation of Platonovet al., who found that two of 18
vaccinated LCCD patients developed meningococcal meningitis
within 1 year after vaccination [18]. Since the strains from these
two episodes were not serogrouped, it remains unknown whether
these episodes represent real vaccine failures. In our study, four
complement-deficient vaccinees developed six recurrences of
meningococcal disease, four with serogroup B and two with
serogroup Y. Both episodes due to serogroup Y occurred in C8b-
deficient patients, 3·5 and 5 years after vaccination. They had a
good antibody response against the capsular Y polysaccharide after
vaccination. The results indicate that protection of complement-
deficient persons at risk of meningococcal disease is provided by
vaccination, but that they require re-vaccination each 3–3·5 years
like complement-sufficient individuals.

Pre-vaccination serum antibody levels against meningococcal
capsular polysaccharides in complement-deficient vaccinees and in
the healthy control groups were similar. The levels of pre-vaccina-
tion anticapsular antibodies among complement-deficient persons
with previous meningococcal disease were higher towards the
disease-causing serogroup than among complement-deficient per-
sons without previous meningococcal disease. Platonovet al.
found that there was no significant difference in pre-vaccination
antibody levels between LCCD patients with previous meningo-
coccal disease and controls [18], but they did not test anticapsular
polysaccharide antibody levels against the particular serogroup
having caused disease prior to vaccination.

Serum bactericidal activity against meningococci in pre-vacci-
nation sera and post-vaccination sera of complement-deficient
individuals was higher than that in sera of controls. Sera of both
complement-deficient individuals and controls had weak serum
bactericidal activity against the serogroup A strain. This strain was

rather serum-resistant, but was used in the tests because its
polysaccharide is included in the vaccine. Although the comple-
ment-deficient persons and controls developed rather similar anti-
body levels against anticapsular polysaccharides, the post-
vaccination serum bactericidal activity of controls was signifi-
cantly lower. In addition, the increase of serum bactericidal
activity did not correlate with the increase of serum anticapsular
polysaccharide antibodies. Identical observations were made in
properdin-deficient patients who were vaccinated with the tetra-
valent meningococcal vaccine [15]. Apparently, serum bactericidal
activity is also exerted by antibodies elicited against non-capsular
polysaccharide bacterial antigens. This assumption is supported by
the observation that antibody levels against the capsular polysac-
charides were significantly higher in sera of complement-deficient
persons with previous meningococcal disease than in sera of
complement-deficient persons without meningococcal disease,
whilst bactericidal activity in sera of both groups was similar.
Previously, Figueroa & Densen [3] suggested that particularly
antibodies directed against the meningococcal lipopolysaccharides
(LPS) are strongly induced in complement-deficient persons who
have experienced meningococcal disease. In properdin-deficient
patients such antibodies, together with the anticapsular polysac-
charide antibodies, may exert serum bactericidal activity, mediated
by intact classical and terminal pathway of complement activation.
Indeed, properdin-deficient patients have a lower recurrence rate of
meningococcal disease than LCCD patients [3,4]. Four properdin-
deficient patients from four different families did not respond or
only to two of the four vaccine polysaccharides. However, their
properdin-deficient relatives showed a good response to all four
vaccine polysaccharides upon vaccination, offering no clue to an
hereditary factor influencing the vaccine response.

Protection against meningococcal disease in persons with LCCD
is only due to antibody-mediated opsonophagocytic killing
[3,19,29]. If PMN require late complement components for phago-
cytic killing, vaccination is not useful in LCCD individuals. We
found that phagocytic killing of serogroups A and W135 was
enhanced in post-vaccination sera from nine (47%) of the 20
LCCD persons. The results of two earlier studies demonstrated an
efficient phagocytic killing of meningococci opsonized with serum
from LCCD patients [19,29]. We found that anticapsular IgG anti-
body levels and opsonophagocytic activity did not coincide. A
similar observation was reported by Schlesingeret al. [29]. After
vaccination, their three C7-deficient individuals had a significantly
increased phagocytic activity despite the increase of specific anti-
meningococcal antibody levels being rather moderate. Andreoni
et al. [19] hypothesized that antibodies against subcapsular antigens
promote phagocytic killing more efficiently than antibodies against
capsular antigens. However, their results indicated that the anti-
capsular polysaccharide antibodies are most efficacious for phago-
cytic killing. The response upon vaccination may be diverse,
obscuring the correlation between the anticapsular polysaccharide
antibody levels and opsonophagocytic activity. Indeed, opsonopha-
gocytosis of serogroups A and W135 was completely blocked in sera
from one and two LCCD patients, respectively. We hypothesize that
the impaired opsonophagocytic activity of these sera is caused by the
high anticapsular polysaccharide IgM levels by which subcapsular
epitopes may be shielded. Although these three sera had high IgM
antibody levels after vaccination, opsonophagocytosis in other high
level IgM sera was adequate. Therefore, the mechanisms by which
vaccination decreases opsonophagocytic activity in a number of
LCCD persons have to be elucidated.
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In conclusion, vaccination in complement-deficient persons
induced similar antibody responses and bactericidal activity to
those in complement-normal subjects. Meningococcal disease due
to serogroup A, C, Y and W135 did not occur in vaccinees within
3·5 years after vaccination. In the 25 years of exposure before
vaccination the LCCD patients had suffered from nine proven
infections relevant to this study, or about one infection in 2·8 years.
So, whether the 3·5 years without relevant infection represents
protection by vaccination or mere change can not be determined.
Although prior to vaccination only three of the 40 meningococcal
episodes in the complement-deficient patients were due to sero-
group B, all three infections within 2 years after vaccination were
due to serogroup B. To obtain additional data demonstrating that
vaccination is protective we have recently re-vaccinated the
complement-deficient persons and we continue the study.
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