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Congenital deficiency of the late components of the complement may 
predispose the individual to systemic meningococcal infection. Assuming 
that patients with acquired complement deficiencies may also have an 
increased risk of contracting meningococcal infections, a retrospective 
and prospective study to assess this association was conducted. Over 20 
years ( 197&1989), 30 patients with meningococcemia or meningococcal 
meningitis, proven by blood or CSF culture, were treated at the Beilin- 
son Medical Center. Only one patient died of the infection. Risk factors 
were found in three patients (10%). One had a congenital deficiency of 
C7, and two had acquired complement deficiency due to systemic lupus 
erythematosus (SLE) and membranoproliferative glomerulonephritis 
(MPGN). These latter two patients had low serum concentration of C3 
and C4 and reduced complement hemolytic activity before onset of the 
infection. Since the incidence of culture-proven systemic meningococcal 
infection in the Jewish population in central Israel is 1/1OO,OOO, and the 
prevalence of SLE and MPGN is, at most, 250/100,OOO, the finding of 
two patients with meningococcal infection and these rare disorders is 
over 100 times the expected incidence. We conclude that patients with 
acquired complement deficiency are at significant risk of meningococcal 
infection. 

Systemic meningococcal infections are serious, of- 
ten life threatening diseases. Several conditions 
may predispose individuals to these infections, in- 
cluding congenital deficiency of the late compo- 
nents of complement (1, Z), low serum immuno- 
globulins (3), deficiency of a single subclass of IgG 
such as IgG2 (4), and lack of specific IgM anti- 
bodies (5). 

It is well known that individuals with congenital 
deficiency of the late components of complement 
(C5-C9) are at increased risk of systemic neisserial 
infections (1,2,6,7). It was estimated that this risk 
is about 100 times that of the general population 
(8). One may assume that patients with acquired 
complement deficiencies may also run a similar 
risk. This theory is supported by the study of Elli- 
son et al. (9) who reported the occurrence of me- 
ningococcal infections in patients with comple- 
ment-depleting underlying illness. We therefore 
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performed a retrospective and prospective study of 
all cases of meningiococcemia and meningococcal 
meningitis seen at the Beilinson Medical Center 
over 20 years to examine the hypothesis that pa- 
tients with acquired complement deficiency be at 
increased risk of systemic meningococcal infection. 

Methods 
The medical charts of all patients with culture- 
proven meningococcemia or meningococcal men- 
ingitis seen in the Beilinson Medical Center from 
1970 to 1989 were examined. Special attention was 
paid to previous medical history, concomitant dis- 
eases or occurrence of severe infections in the pro- 
positus and his family, or unexplained death of a 
family member. The patients were invited after 
recovery for interview and blood tests, including 
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C3 and C4, components of complement, comple- 
ment hemolytic activity (CH,,), and immuno- 
globulins. 

Results 
Thirty patients (21 men and 9 women) with 
meningococcemia or meningococcal meningitis 
proven by blood or CSF culture had been treated 
at the Beilinson Medical Center during the study 
period. Age range was from 2 months to 62 years 
(mean, 8.2 years); 26 were in the pediatric age (14 
years or younger). One patient died during the 
acute disease. In three patients risk factors for 
systemic neiserrial infection were found: one girl 
had congenital deficiency of C7 and a family his- 
tory of meningococcal infections, and two patients 
(6.6%) had acquired complement deficiencies at 
the time of the meningococcal infection. None of 
the other patients had reported infections or dis- 
eases other than the exanthemic diseases of child- 
hood, and there were no remarkable family histo- 
ries. Immunologic work-up including C3 and C4, 
component of complement, complement hemo- 
lytic activity (CH,,) and immunoglobulins, was 
normal in another 17 patients. 

These tests were not performed in the remaining 
nine patients who did not respond to our request 
or refused to be tested and in the patient who died 
during the acute disease. However, without a his- 
tory of background medical disorders, it is unlikely 
that these patients had acquired complement defi- 
ciency, although congenital complement defi- 
ciency cannot be ruled out completely. 

Case reports: patients with acquired complement deficiency 
Patient 1 - SLE was diagnosed in a 10-year-old, 
previously healthy girl, who presented with malar 
rash, lymphadenopathy, arthritis, pericarditis and 
nephritis. Laboratory tests showed normal WBC, 
platelets and blood chemistry (SMA-18). Hemo- 
globin was 9.6 g/dl, ANA was 1/1280, anti DNA - 
96% (normal 0-20'30). Urinalysis showed 3-6 
WBC and 5-8 RBC per field. Urine protein excre- 
tion was 0.5-1.0 g per 24 hours. IgG was 1890 
mg/dl, IgA 284 mgldl, IgM 122 mg/dl. C3 compo- 
nent of the complement was in the range: 20-32 
mg/dl (normal, 80-180 mg/dl), C4 was 3-5 mg/dl 
(normal, 8-24 mg/dl) and CH50 was 0-21% (nor- 
mal, 50-200%). Skin biopsy showed deposits of 
IgM, IgG, and Clq in the dermis-epidermis junc- 
tion and deposits of IgM and IgG around the blood 
vessels. 

Three weeks after the diagnosis of SLE, while 
the patient was under treatment with prednisone 
60 mg/day, fever, chills and macular eruption on 

the chest developed. The following day headache, 
vomiting, and signs of meningeal irritation ap- 
peared. The eruption spread to the limbs and be- 
came purpuric. Cerebrospinal fluid examination 
showed 385 leukocytes/mm3 (95% of them poly- 
morphonuclear), protein 84 mg/dl, and glucose 80 
mg/dl. Despite treatment with penicillin, chloram- 
phenicol and methylprednisolone, the patient sank 
into a stuporous state and developed adult respira- 
tory distress syndrome. Meningococcus group B 
grew from the CSF and blood cultures. 

Normalization of the temperature was observed 
on the third day of treatment, and after 12 days, 
the antibiotics were discontinued. The recovery 
was without apparent sequelae. On follow-up of 
five years, she was well on a maintenance dose of 
prednisone, 10 mg every other day. 

Patient 2 - MPGN was diagnosed in a 12-year-old 
boy. There was no family history of immune defi- 
ciency, autoimmune disease, recurrent infections 
or unexplained death of children. After an episode 
of streptococcal pharyngitis, routine urinalysis 
showed numerous erythrocytes and granular casts. 
Blood pressure was normal, and there was no 
edema. Complete blood count, blood chemistry 
(SMA-18), ANA, HbsAg, cryoglobulins and cir- 
culating immune complexes were normal. The 
erythrocyte sedimentation rate was 35 mmlhour. 
IgG was 1020 mg/dl; IgA - 220 mg/dl; IgM - 180 
mg/dl. ?krenty-four-hour urine collection showed 
excretion of 1.3 g protein. 

Repeated tests for serum complement over two 
years, showed the following ranges: C3, 0-22 
mg/dl (normal, 80-180 mg/dl), C4, 8-24 mgldl 
(normal, 8-26 mgldl); CHSo, @20% (normal, 50- 
200%). The diagnosis of MPGN was established 
by renal biopsy, which also showed granular depo- 
sition of C3, IgG and fibrinogen along the base- 
ment membrane and in the mesangium. The child 
was treated with prednisone, 2 mg/kg/day, without 
apparent effect on the urinalysis or  the comple- 
ment levels. The dosage of prednisone was gradu- 
ally reduced to 0.5 mg/kg/day every second day. 

At the age of 14 years, while his serum comple- 
ment tests (C3, C4 and CH,,,) were still very low, 
the patient contracted meningococcal meningitis. 
Following several hours of fever and headache, 
purpuric eruption, vomiting, and signs of menin- 
geal irritation appeared. Cerebrospinal fluid exam- 
ination showed 5400 leukocytes/mm3, of which 
95% were polymorphonuclear , protein 254 mgldl, 
and glucose 21 mg/di. Meningococcus group B 
grew in blood and CSF cultures. The patient was 
treated with penicillin and chloramphenicol for 
two days and afterwards with penicillin only. Nor- 
malization of temperature was observed on the 
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fourth day, and the treatment was discontinued 
one week later. The child recovered without any 
apparent sequelae, and has been clinically stable 
during follow-up of three years. 

Discussion 
The defense against Neisseria meningitidis is medi- 
ated principally by such humoral immunity factors 
as immunoglobulins and complement (3). There- 
fore, one may assume that patients with imrnuno- 
globulin or complement deficiency, either con- 
genital or acquired, will be at increased risk of 
meningococcal infections. 

The results of our study showed that two of 30 
patients with systemic meningococcal infection had 
acquired complement deficiency. One had SLE, a 
disease with complement depletion, and the other 
had hypocomplementemic MPGN. The associa- 
tion does not seem coincidental in view of the 
relative rarity of systemic meningococcal infection 
in the population. The incidence of culture-proven 
systemic meningococcal infection in the Jewish 
population in central Israel is 1/100,000 (10) [while 
in California it is 0.85 cases per 100,000 persons 
(11) and in Colorado 0.36 cases per 100,000 per- 
sons (9)]. The prevalence of SLE and of MPGN is, 
at most, 250/100,000 (12, 13). Therefore the find- 
ing of two patients, one with SLE and the other 
with MPGN, among 30 patients, is over 100 times 
the expected incidence. 

A possible association between acquired com- 
plement deficiency and meningococcal infections 
was found in the study of Ellison et al. (9), who 
reported that three of 20 patients with meningo- 
coccal infections had acquired complement defi- 
ciency. In that study, the rate of acquired comple- 
ment deficiency and congenital complement defi- 
ciency was 15% each. In our hospital the rate of 
occurrence of meningococcal infections in patients 
with acquired complement deficiency is similar 
(6.6% of all cases), and one of our patients had 
congenital deficiency of C7. It is possible that some 
cases of congenital complement deficiency were 
overlooked in the present study, since the comple- 
ment was tested only in two-thirds of the patients. 
However, there was no  personal or family history 
of recurrent infections in the untested patients. 

Infections are known to be a major cause of 
morbidity and mortality in patients with SLE (14, 
15). At least 10 cases of meningococcal infections 
in SLE patients have been reported (9, 16-20). 
Three of 125 children with SLE developed this 
infection, and it was estimated that this was 3000 
times higher than the expected incidence of me- 
ningococcal infection (16). However, it was un- 
clear whether the infection was associated with 

acquired complement deficiency, since only one of 
the three had borderline low C3 and C4. All three 
patients were infected with Neisseria meningitidis 
serotype Y which is commonly carried in the naso- 
pharynx, but is rarely a cause of disease in normal 
individuals (21). Ellison et al. (9) reported three 
patients with SLE and meningococcal infections, 
two with low serum complement and one with 
apparently normal complement. In addition, four 
other sporadic cases of meningococcal infection in 
patients with SLE have been reported (17-20). 

MPGN is often associated with low complement 
activity due to circulating C3 nephritic factor which 
causes acquired complement deficiency and partial 
lipodystrophy (22). It is a relatively uncommon 
kidney disease, and the association between 
MPGN and meningococcal infection in one of our 
patients and in several patients in the medical 
literature (22-25) indicates the propensity of 
this acquired complement deficiency condition to 
meningococcal infection. 

One of our 30 patients with systemic meningo- 
coccal disease had congenital C7 deficiency 
(3.3%). No complement deficiencies were found 
by Merino et al. (26) in a group of 71 patients who 
were tested after the first episode of meningo- 
coccal infection, while a prevalence of 30% was 
discovered in patients with recurrent meningo- 
coccal infections. In a survey of congenital comple- 
ment deficiencies in Israel, 111 patients with me- 
ningococcal infection were investigated and it was 
found that 9% had congenital complement defi- 
ciency (19). This deficiency was described to be 
common in North African (Sephardi) Jews (18% 
of the individuals of this ethnic group with a his- 
tory of meningococcal infection had congenital 
complement deficiency) and especially in the sub- 
group of Jews of Moroccan origin (40% of the 
individuals with a history of meningococcal infec- 
tions had congenital deficiency). There were no 
cases of congenital complement deficiency among 
Ashkenazi Jews (although such a case was re- 
ported in the USA). These ethnic differences in 
the occurrence of congenital complement deficien- 
cies in Israel, which are similar to the finding of an 
increase in the incidence of congenital complement 
deficiencies among blacks in the USA, may ex- 
plain the finding of a single patient with congenital 
deficiency of the complement in our survey. 
Twenty-seven of our patients were Jews of Ash- 
kenazi origin but only three were of North-African 
origin. These were among the 20 who were tested, 
and one of them was found to have C7 deficiency. 

It is important to consider individuals with ac- 
quired complement deficiency as having an in- 
creased risk of meningococcal infections. Quadri- 
valent meningococcal vaccine for individuals with 
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congenital late complement deficiencies has been 
recommended (27, 28), but the vaccine has not 
always been protective. Prophylactic penicillin 
treatment was found to be effective in a group of 
C6 deficient patients (29), but it is still unknown 
whether it is effective in other cases of complement 
deficiency. Therefore, awareness, early diagnostic 
work-up, and early introduction of antibiotic treat- 
ment are indicated. 

Abbreviations: 
SLE - systemic lupus erythematosus 
MPGN - membranoproliferative glomerulonephritis 
ANA - anti-nuclear antibody 
DNA - deoxyribonucleic acid 
WBC - white blood cells 
RBC - rcd blood cells 
HbsAg - hepatitis B surface antigen. 
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