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Defective yeast opsonisation and functional
deficiency of complement in sickle cell disease
V F LARCHER, R J WYKE, L R DAVIS, C E STROUD, AND ROGER WILLIAMS
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SUMMARY Opsonisation of heat-killed baker's yeast, functional activity of the total alternative
pathway of complement, and factor B detected functionally and immunochemically were significantly
reduced in 72 children with sickle cell disease compared with 40 age-matched black control children.
There was significant correlation between functional activity of the total alternative pathway and
functionally measured factor B, but not between factor B measured functionally and immuno-
chemically. The opsonisation defect could be corrected in vitro by normal serum, and factor B-
depleted serum, and was qualitatively similar to that seen in patients with primary yeast opsonisation
deficiency. Serial studies showed that these serum defects were persistent. Reduction in the activity of
components of the alternative pathway of complement and opsonisation was found in 4 patients
who had recovered from pneumococcal meningitis and in one who developed osteomyelitis. Defects
of yeast opsonisation and complement which are common in patients with sickle cell disease, may
partly explain the children's increased susceptibility to infection, and might help to identify indi-
viduals especially at risk.

Patients with sickle cell disease (SCD) have an
increased incidence of pneumococcal and Gram-
negative infection ;1 2 the precise reasons for this
have not been established. Opsonisation of bacteria
by serum factors including complement and imnmuno-
globulin is an important host defence mechanism
which, in the absence of specific immunoglobulin,
depends on activation of the alternative pathway of
complement. Functional defects in this pathway,
including factor B,3 have been associated with
defective pneumococcal opsonisation4 in patients
with SCD, although levels of immunochemically
measured factor B are normal.5

Opsonisation of heat-killed baker's yeast is a
further test of the integrity of the alternative
pathway,6 but is only partially dependent on factor
B.7 Since defects are associated with an increased
incidence of infection,8 we measured ability of sera
from patients with SCD to opsonise yeasts, and the
relation to functionally and immunochemically
measured factor B and activity of the total alter-
native pathway of complement. The incidence of
pneumococcal infection in these patients was
analysed retrospectively.
Patients and methods

Seventy-two (37 boys and 35 girls; mean age 8.5

years, range 0-5-16) children were studied. All had
SCD proved by positive sickle cell test, typical blood
film, and haemoglobin electrophoresis; 70 were
homozygous for haemoglobin S and 2 had haemo-
globin SC. All were seen at the Sickle Cell Anaemia
Clinic at the Belgrave Hospital for Children,
London. None of the patients had infection or crisis;
none had received blood transfusion within the pre-
ceding 2 weeks. There were 28 siblings from 13 families
with homozygous SS disease; 7 patients were studied
more than once during the course of 6 months.

Control sera were obtained from 40 normal
healthy black children (22 boys, 18 girls; mean age
7-4 years, range 1-14) with normal haemoglobin
electrophoresis but without history of recurrent
infection or allergy, in whom venepuncture was
necessary for their management. Venous blood
was allowed to clot for 2 hours at room temperature;
serum was separated and stored in aliquots at
-70°C, being thawed once immediately before use.
Functional activities of the total alternative

pathway of complement and factor B were assayed
by radial haemolytic diffusion in agarose ;9 con-
centration of immunoreactive factor B was measured
by immunodiffusion against specific antiserum. All
results were expressed as a percentage of normal
serum pool included as controls.
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Opsonisation of heat-killed baker's yeast was
measured by a Coulter Counter technique.10 Results
were expressed as the percentage of yeasts phago-
cytosed.

Statistical significance of differences between
normally distributed data was analysed by Student's
t test; for non-parametrically distributed data, dif-
ferences were analysed by Wilcoxon's rank sum
test.

Results

Yeast opsonisation. The mean percentage of yeasts
phagocytosed (49 ± SD 10 * 5%) for sera from black
controls did not differ significantly (P>0.5) from
that in 25 age-matched white children (50 ± SD
10%). The overall incidence of defective opsonisation
was similar in black and white controls, with values
of 5 and 4% respectively. In contrast, 11 (15%) of
72 children with sickle cell disease had defective
opsonisation (Figure)
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Figure Percentage ofyeasts phagocytosed by normal
polymorphonuclear leucocytes in the presence of5%
serum from patients with sickle cell disease and black
and white controls. Means ± 2 SD for controls are
shown.

Table 1 Complement components, as percentage of
control serum pool, in serum from patients with sickle
cell disease and in controls
Subjects Total Functional Immuno-

alternative factor B chemical
pathway factor B
activity

Patients (n=72) 89+35 95+32 103+32
Controls (n=40) 105+25 141+40 126+40
P value <0-01 <0.005 <0.05

Values given as mean i SD.

Complement studies. The mean activity of the total
alternative pathway of complement in sera from
patients with SCD was significantly reduced com-
pared with controls (Table 1). In 25 patients and 1
control, activity was below 2 SD of the control
mean.

Functional activity of factor B was also reduced
(Table 1) with values in 9 patients less than 2 SD
of the control mean. Sera from these 9 patients
also had significant reduction in activity of total
alternative pathway. There was a significant (r=
0*53, P<0.01) positive correlation between func-
tional activities of the total alternative pathway
and factor B.

Factor B was also significantly reduced when
measured immunochemically (Table 1); 6 patients
and 1 control had values less than 2 SD of the con-
trol mean. There was no significant correlation
(r=0.187, P.0 1) between levels of factor B
measured functionally and immunochemically. Eight
patients with functional deficiency of factor B had
normal serum levels of factor B when measured
immunochemically.

Five of the 11 patients with yeast opsonisation
deficiency had reduced activity of the alternative
pathway, but none had deficiency of factor B
whether measured functionally or immuno-
chemically. Opsonisation and complement defi-
ciencies were not related to the patient's age, sex, or
haemoglobin type. Two patients with serum defects
(total alternative pathway and factor B activity in
one, yeast opsonisation in the other), showed no
change in the defect in serial studies during the course
of 6 months. None of the 5 patients studied with
normal serum opsonisation or complement develop-
ed abnormalities during this period.
No consistent familial pattern of deficiencies

could be identified among the 28 siblings from 13
families, although siblings in some families with
complement deficiency had low normal values (less
than 2 SD but more than 1 5 SD below the control
mean).

Nature of opsonisation defect. The effect of adding
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Table 2 Effect of adding 0*5% concentration of various
sera on opsonisation capacity of5% sickle cell disease
sera with opsonisation deficiency andprimary
opsonisation deficiency sera

Source of No Percentage (mean +SEM) ofyeasts
5% serum additive phagocytosed after addition of 0*5%

Of Of B- OfSCD Of serum
normal depleted serum with 10
serum serum with opsonisa-

factor B tion
deficiency deficiency

Sickle cell
disease 12+3-5 33+3 0 28+3 5 25+4-9 13+3-9

10 opsonisation
deficiency 16+3.2 424-.2 38±2.9 25+3.7 19+2-5

Buffer alone 0 8+2-2 5+1-7 2+0-9 4+1-0

Values represent mean + SEM of 4 experiments with 4 sera.

various sera to those from defective patients with
sickle cell disease and patients with primary yeast
opsonisation deficiency was investigated to compare

the nature of the yeast opsonisation defect in the two
groups. Percentage of yeasts phagocytosed in the
presence of the serum mixtures was determined in the
normal way. Results are shown in Table 2. The
opsonisation defect in sera from patients with SCD
was corrected by addition of low concentrations
(0 5 %) of normal serum, normal serum depleted
in factor B, or serum from patients with SCD with a
factor B activity of less than half that of normal. All
these sera produced similar qualitative improvement
in opsonising capacity of sera from patients with
primary opsonisation deficiency, but alone in a

0 5% concentration in buffer they were not opsonic
(Table 2). Sera from patients with a primary defect of
yeast opsonisation did not correct the opsonisation
deficiency in sera from patients with SCD.

Relationship with pneumococcal infection. Four
patients studied had recovered from pneumococcal
meningitis between 2 and 11 years previously. All
had reduced activity of the alternative pathway, two
had a functional deficiency of factor B, and two
had defective yeast opsonisation. Since the present
study began, one child with deficiency of the alter-
native pathway and factor B has developed septic
arthritis and osteomyelitis owing to Klebsiella sp.

Discussion

Inability of serum to opsonise heat-killed baker's
yeast was three times more common in patients with
SCD than in healthy black or white controls, in
whom the incidence of deficiency was similar to
that previously reported.8 10 Factor B activity is
required for opsonisation of yeasts7 and was reduced,
in association with total alternative pathway activity,
in patients with SCD. However, low levels of factor

B were not responsible for defective yeast opsonisa-
tion, since subopsonising amounts of normal sera
depleted of factor B or sera from patients deficient
in factor B could correct the opsonisation defect.
The finding of normal yeast opsonisation in all 9
(12 %) of patients with deficiency of factor B activity
also implies that the two defects are distinct.
Similarly, correction of opsonisation by subopsoni-
sing amounts of normal sera but not by sera from
patients with primary deficiency states suggests that
defective opsonisation of yeast by sera from patients
with SCD is qualitatively similar to that seen in
primary deficiency states. Since defects in opsonisa-
tion and factor B activity probably represent
separate, specific defects in the alternative pathway of
complement, failure to identify either in 11 of 25 of
those with a defect in total alternative pathway
activity implies that other defects in this pathway may
occur in SCD. However, evidence for deficiencies of
other components-for example, factor D-is
conflicting 311 and requires further study. We found,
unlike Bjornson et al.,5 that levels of immuno-
chemically measured factor B were lower than
controls, but could demonstrate no significant cor-
relation between functionally and immunochemically
measured factor B, presumably because simple
immunochemical measurements cannot distinguish
between functionally active and inactive complement.
This lack of correlation may explain the normal
opsonisation of pneumococci by sera defective in
immunochemical factor B,5 since opsonisation of
pneumococci is presumably a functional measure of
factor B activity.4
Although primary or congenital deficiency states

cannot be excluded as a cause of the observed
defects in opsonisation and complement, a more
likely explanation is that the deficiencies were
secondary. Correction of opsonisation by sub-
opsonising amounts of normal serum excludes the
presence of an inhibitor. Both excessive consumption
and failure of synthesis of functionally active
complement could have produced the defects. Red
cell stroma can activate the alternative pathway
thereby consuming complement,12 but no patients
had recent haemolytic episodes and C3 split products
(C3d) have not been detected in a limited number of
plasma samples so far examined (Vergani, personal
communication). Failure to synthesise complement
might follow blockade of the reticuloendothelial
system by abnormal erythrocytes. Since reticulo-
endothelial cells are a major site of complement
synthesis13 blockade of this system, which may occur
in SCD in the absence of painful crisis,14 might
influence complement synthesis.
Both deficiency of yeast opsonisation8 and factor

B4 have been associated with an increased incidence
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of infection and retrospective analysis of our cases
would support such an association. Pneumococcal
infection remains a major cause of mortality and
morbidity in young children with SCD15 and account-
ed for 4 of 199 admissions of all age groups in a
recent UK study.'6 Immunisation with a polyvalent
vaccine and penicillin prophylaxis have been ad-
vocated as effective means of preventing pneumo-
coccal infection in patients with SCD but both are
expensive.15 Our data suggest that screening of
patients for complement and opsonisation defects
might identify individuals especially at risk from
pneumonococcal infection. Although immuno-
chemical assays are fairly cheap and easy to perform
our data suggest that the more time-consuming
functional assays should be used for this purpose.

We thank Miss J I Silk for valuable assistance and
the support of Immuno is gratefully acknowledged.
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