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A B S T R A C T A 4-yr-old female patient who has re-
current infections with encapsulated bacteria and gram-
negative organisms was found to have a complete ab-
sence of total hemolytic complement and C3. Total
hemolytic complement was reconstituted by the addi-
tion of functionally pure C3. With the exception of a
moderately reduced hemolytic C4, all other C compo-
nents, measured hemolytically and by radial immuno-
diffusion, were present in normal amounts. By Ouch-
terlony analysis, the patient's serum contained C3b
inactivator and properdin but no antigenic C3. Acti-
vation of the alternate pathway was examined by puri-
fied cobra venom factor (CVF) and inulin. Neither of
these substances led to activation of properdin factor
B to B. On addition of partially purified Cordis C3, in
four out of four instances and with different prepara-
tions of Cordis C3, activation of factor B to B occurred
in the inulin-serum-C3 mixture. In contrast, activation
of factor B to B occurred only once out of four times
with CVF-serum-C3 mixtures. Immune adherence was
found to be normal in the patient's serum and could be
removed by anti-C4 antiserum or hydrazine treatment.
A marked opsonic defect was present against Escherichia
coli. Serum bactericidal activity against a rough strain
of E. coli was also defective. The ability to mobilize
an inflammatory response was examined by Rebuck
skin window technique. A delay in neutrophil migra-
tion occurred until the 6th h. In vitro lymphocyte
transformation and serum immunoglobulins were nor-
mal. The proportion of peripheral blood T cells form-
ing spontaneous sheep erythrocyte rosettes and the per-
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centage of B cells forming EAC rosettes by the C3 re-
ceptor were normal. The significance of the absence
of C3 in our patient is emphasized by the increased
number of infections with encapsulated bacteria and
the decreased functional biological activities of the C
system, important in host defense mechanism(s).

INTRODUCTION
The importance of the complement (C)1 system to
host defense and the development of tissue injury stems
from the study of both congenital and acquired C de-
ficiencies in man and in experimental animals (1). The
pathogenesis of the clinical diseases associated with
the acquired states of C deficiency is often a direct re-
flection of C-dependent biological effector mecha-
nism(s) of inflammation. The pathogenesis of glomeru-
lar damage seen in many types of renal disease is a
good example (2). On the other hand, study of the
congenital C deficiencies has broadened our under-
standing of the role of C in disease states by examining
the lack of effector mechanisms and control proteins.
The absence of these control proteins or inhibitors in
the C system has been clearly associated with specific
clinical patterns of disease. Absence of C1 esterase in-
hibitor is seen in hereditary angioneurotic edema (3)
and has been reported to be associated with renal dis-
ease in three cases (4, 5). Absence of C3b inactivator
is associated with increased susceptibility to infections
(6). More recently an increased association of colla-
gen vascular diseases with deficiencies of the early C
components Cls (7), CIr (8-10), C2 (4, 11-15), and
C4 (16), and of the later components C5 (17) and C7
(18) have been recognized. One patient with C6 defi-

'Abbrezvations used in this paper: C, complement; CVF,
cobra venom factor; IA, immune adherence; P, properdin.
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ciency (19) and one with C7 deficiency (20) are ap-
parently healthy.

Deficiencies of C3 are of particular importance be-
cause C3 is situated at the pivotal point between the
classical and alternate pathways.2 Only one such case
of primary C3 deficiency has been reported in a pa-
tient with increased susceptibility to infection (21).
In the present investigation, we report a complete ab-
sence of serum C3 in a young girl with problems of
recurrent infections with encapsulated organisms. The
biological functions of the C system that contribute to
host defense and the activation of the alternate pathway
in the absence of C3 are presented.

CASE REPORT
This 41-yr-old white girl was well until 3 wk of age,
when she developed persistent loose, watery stools.
Several formula changes were made with no ap-
parent benefit. However, the child continued to grow
along the 3rd percentile. During the 1st yr of life, she
had repeated episodes of otitis media that responded
slowly to ampicillin each time. At 20 mo of age my-
ringotomy tubes were placed for drainage. Cultures
grew Haemophilus influenzae type B.
At 17 and 23 mo of age, the patient had febrile ill-

nesses associated with the growth of Diplococcus pneu-
moniae from the nose and blood. The patient to date has
not had pneumonia or meningitis.
At 20 mo of age she was evaluated for persistent

loose stools and recurrent otitis media. X rays of the
gastrointestinal system, malabsorption studies, multiple
bacterial cultures, and examinations of the stool for ova
and parasites were all negative. Special studies in-
cluded a splenic scan and nitroblue tetrazolium reduc-
tion tests, which were normal. Appropriate elevation
of the peripheral polymorphonuclear leukocyte count
occurred with infection. Quantitative immunoglobulins
and in vitro tests for cellular immunity were normal at
this time. She was placed on a milk-free, gluten-free
diet and prophylactic penicillin. At 3 yr of age, the diet
and penicillin were discontinued. Her weight remained
in the 28th percentile, and bowel function was no
longer a problem. Tests for anti-DNA and antinuclear
antibodies were negative. However, after prophylactic
antibiotics were discontinued, she began to have epi-
sodes of recurrent infections of the urinary tract with
E. coli organisms. This necessitated placing the pa-
tient once again on long-term antibiotics and to date
she has done well.

2 Terms used in this paper with synonyms used by other
investigators: alternate pathway, alternative or properdin
pathway; properdin factor B, C3 proactivator; properdin
factor D, C3 proactivator convertase.

METHODS

Buffers and assays of C and C components C1-C9 have
been described elsewhere (10, 12). Reconstitution of total
hemolytic complement in deficient serum was achieved as
follows: To 0.1 ml of serum, 0.3 ml of functionally pure
Cordis C3 (1,000 CHuo units/ml) and 0.6 ml of buffer was
added. Functional properdin factor B was assayed accord-
ing to previously described methods using indirect lysis of
glutathione-treated cells and purified cobra venom factor
(CVF) (22). Immune adherence was performed according
to the method of Nishioka (23). Purified CVF was pre-
pared according to the method of Ballow and Cochrane
(24).
Immunochemical determinations of Clq, C3, C4, and fac-

tor B were carried out by the Mancini, Carbonara, and
Heremans technique (25). Clq antiserum was prepared ac-
cording to the method of Hanauer and Christian (26 );
anti-C4 antiserum was purchased from Hyland Div., Tra-
venol Laboratories, Inc., (Costa Mesa, Calif.); and anti-
factor B antiserum was prepared according to the method
of Gbtze and Muiller-Eberhard (27). Anti-C3 antiserum
was prepared as described before (28).

Properdin (P), C3b inactivator, and antigenic C3 were
analyzed by the Ouchterlony double-immunodiffusion
method. Antiserum to C3b inactivator was kindly supplied
by Dr. Peter Lachmann. Properdin was purified according
to previously described methods (29). The isolated proper-
din had a slight IgG contaminant. This IgG was removed
by immunoadsorbent column containing charged anti-IgG
antibody (30), by well-defined methods. Rabbits were im-
munized with the treated properdin and the antiserum
obtained gave a monospecific band when tested by immuno-
electrophoresis against whole human serum.
The alternate pathway was examined by incubating the

patient's serum either with inulin (100 mg/ml) or purified
CVF at 37°C for 1 h (27). Partially purified C3 (Cordis
Laboratories, Miami, Fla.) (1,000 CH5o U/ml), was used
to reconstitute the patient's serum. Activation of factor B
to B was examined by immunoelectrophoresis with mono-
specific antisera to factor B.
Serum bactericidal assay was performed as described

previously (31). Phagocytic studies with the patients serum
and normal human neutrophils were kindly performed by
Dr. E. Grimes, using coagulase positive Staphylococcus
aureus (strain 5201) and a fresh isolate of E. coli by the
method of Maalpe (32). The percent of phagocytosis was
calculated as follows:

(number of original bacteria-number of surviving bac-
teria)/number of original bacteria X 100.

Serum immunoglobulins were quantified on Hyland plates.
Lymphocyte transformation tests were performed by a
micro method in which 2 X 105 lymphocytes (0.2 ml), sepa-
rated by Ficoll-Hypaque gradient centrifugation, were cul-
tured in Micro Test II plates (Falcon Plastics, division of
BioQuest, Oxnard, Calif.) with either mitogen or specific
antigen (0.025 ml). RPMI 1640 medium, supplemented
with antibiotics, heparin, L-glutamine, HEPES buffer, and
15%o pooled human serum was used to support the cultures.
Triplicate cultures with unstimulated cultures as con-

trols were incubated at 370 C in an incubator containing
5% CO2 as follows: mitogens, 72 h; mixed lymphocyte cul-
tures, 5 days; specific antigens, 6 days. 18 h before har-
vesting, cultures were labeled with [methyl-2H]thymidine,
0.5 ,uCi. (2.0 Ci/mM, New England Nuclear, Boston,
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TABLE I
Complement Components Determined by Hemolytic Assays in

Fresh Serum of a Patient with C3 Deficiency*

C1 C2 C3 C4 C5 C6 C7 C8 C9 BI
92 83 10 52§ 84 115 103 140 77 4411

Immunochemical Determination by Mancini Technique

Clq B C4

AsgN/ml pg/mi mg/100 ml
Patient 20.4 270 17.7§
Normal 17-20 173-247 25-37

* Results are expressed as percent of normal values. Normal
values for hemolytic titers for C components have been de-
scribed elsewhere (10).
$ Functional assay of properdin B (expressed as CH5O hemo-
lytic U) by indirect lysis of glutathione-treated cells of
CVF-treated serum (22). Normal range of 40 healthy adults:
104-150 CH50 U/ml.
§ Below 1 SD.
11 Below 2 SD.

Mass.). The incorporation of [H3]thymidine was deter-
mined by liquid scintillation spectrophotometry.
T and B cell rosette formation were tested by the

techniques of Jondal and Klein (33) with minor modifi-
cations.
The Rebuck skin window test was carried out by pre-

viously described methods (34). Inflammation was induced
by abrasion of the epidermis, and duplicate windows placed
on the volar surface of the forearm and upper back.

RESULTS
Table I represents the results of C components of the
patient's serum measured immunochemically and by
functional assays. Clq and factor B were present in
normal amounts, whereas the C4 concentration was
slightly reduced immunochemically (Table I). C3 was
totally absent, as was the total hemolytic C activity.
The absence of C3 was confirmed by Ouchterlony analy-
sis. The precipitin line obtained between normal hu-
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FIGURE 1 Ouchterlony pattern of C3-deficient patient's
serum and normal human serum containing monospecific
antiserum against purified human C3. 1, contains patient's
serum; 2, 3, 4, contain anti-C3 antiserum; 5, contains nor-
mal human serum; A reaction occurred between wells 4
and 5. As shown, the precipitin band entered the well con-
taining the patient's serum.

FIGuRE 2 Immunoelectrophoretic pattern of patient's serum
after treatment with inulin by the method of G6tze and
Mfiller-Eberhard (27), using 2%o agar, barbital buffer, pH
8.5, ionic strength 0.05, containing 0.01 M EDTA, and
a potential gradient of 6 V/cm for 2i h at 100 C. 50 1I
normal human serum (lower well) were incubated with
5 jul of a 100 mg/ml inulin suspension. Center trough con-
tains monospecific antiserum against factor B. Conver-
sion of B occurred only in normal human serum.

man serum and antisera to C3 went directly into the
center well containing the patient's serum (Fig. 1).
The remaining components C1, C2, C5, C6, C7, and
C8 and C9, assayed functionally, were all normal with
the exception of hemolytic C4, which was moderately
reduced (Table I). Properdin factor B measured func-
tionally was 44% of a pool of normal human serum

(normal range 104-150).
To rule out the presence of an inhibitor to C3, func-

tionally pure Cordis C3 was added to deficient serum

(final dilution of 300 CH50 U/ml). Total hemolytic
C was restored by 55% of normal values (normal range
95+13 CHm0 U/ml), suggesting that the unmeasurable
C3 was not due to the presence of an inhibitor in our

patient's serum. The electrophoretic mobility of P was
the same as for normal serum. C3b inactivator was pres-
ent by Ouchterlony analysis.
The functional integrity of the alternate pathway

was tested by incubating the patient's serum with inulin
or CVF. No conversion of factor B to B was observed
with either inulin or CVF (Figs. 2 and 3). However,
on addition of partially purified Cordis C3 to mixtures
of the patient's serum and inulin, or patient's serum

and CVF, a conversion of factor B to B was observed
on four out of four occasions in the presence of inulin
(Fig. 4) but only once out of four times in the presence

FIGURE 3 Immunoelectrophoretic pattern of patient's serum
after treatment with purified CVF (Naja naje). The con-
ditions for electrophoresis are described in Fig. 1. Upper
well contains patient's serum and CVF (50 ,u of serum and
5 Al of CVF) and lower well contains normal human
serum in the same concentrations as above. Conversion of
B occurred only in normal human serum.
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FIGtTRE 4 Immunoelectrophoretic pattern of patient's serum
(upper well) containing 5 ,ul inulin and 20 ,ul Cordis C3
(1,000 CH50 U/ml) and normal human serum containing
5 gl inulin and 20 ,ul barbital buffer. Conversion of factor B
occurred with patient's serum and normal human serum in
four out of four instances with different batches of Cordis
C3. In contrast, only in ont of four instances conversion
of B was observed when the patient's serum was treated
with CVF and Cordis C3, even when the CVF concentra-
tion was varied from 2 to 50 ,ug/ml or when CVF was
kept constant and Cordis C3 was varied.

of CVF. Each time a different preparation of Cordis
C3 was used.

Since serum opsonization and immune adherence
(IA) require C3, these functions were tested. The IA
titer of the patient's serum was the same as normal
human serum (3,200) (Table II). This was repeated
several times and the IA titre was always within one
tube dilution of normal human serum. Since the pa-
tient's serum does not contain C3, C4-dependent IA
was examined. The patient's serum was treated with
hydrazine (0.015 M) or antisera to human C4. Both
procedures either abolished or markedly reduced IA
titers (Table II).
Serum bactericidal activity was highly defective when

compared with normal human serum (10.9% of normal
serum). Addition of purified C3 reconstituted the bac-
tericidal activity to 52.5% of normal serum (Table III).
Opsonic activity in the patient's serum was studied with
polymorphonuclear leukocytes from normal adults. The
phagocytosis of Staphylococcus aureus (Fig. 5) in 2 h

TABLE I I
Immune Adherence Levels of C3-Deficient Serum and

Normal Human Serum*

NHS$ 3,200
Patient's serum 3,200
Hydrazine-treated NHS§ 200
Hydrazine-treated patient 0
NHS-anti C411 1,600
Patient-anti C4 0

* Expressed as reciprocal of the titre.
Normal human serum.

§ 0.015 M hydrazine (final conen) incubated with patient's/
NHS serum at 370C for 45 min and dialyzed against veronal
buffer overnight.
11 Equal volumes of patient's/NHS serum and antisera to C4,
incubated 370C for 30 min and overnight at 0C.

TABLE III
Bactericidal A ctivity of C3-Deficient Patient's Serum

Compared with Normal Human Serum

Amt. of Percent of
serum normal

ml %

Normal humani serum 0.0084 100
C3-deficient seruLm 0.0770 10.9
C3-deficient serum + Cordis C3 0.0160 52.5

Bactericidal activity against a rough strain of E. coli was
tested according to the method of Muschel and Treffers (31).
The results are expressed as the amount of serum necessary to
kill 50% of the bacteria. The bactericidal activity of the
patient's serum was 10.9%(7 of normal. On reconstitution of the
patient's serum with 1,000 hemolytic U/ml of Cordis C3,
serum bactericidal activity was 52.5%/o of normal serum.

was only slightly reduced with the patient's serum
(81%) compared to control serum (96%). In con-
trast, marked impairment of opsonic activity (> 90%)
was demonstrated with the patient's serum when E. coli
organism was used in the phagocytic assay (Fig. 6).
The capacity of the patient to mobilize neutrophils

in an inflammatory lesion was examined by the Re-
buck skin window. At 2 and 4 h, virtually no inflam-
matory cells were seen. In normal children (4-8 yr of
age) at 2 h, neutrophils start to mobilize into the area
of inflammation with many neutrophils present at 3-4 h.

1011-

Bacterial
Control

... --81% Kill
Patient Serum

.N

.
...9_.Kill

PNHS

90 lo

Time in Minutes

FIGURE 5 Phagocytic function of the patient's serum (Pt.
serum) (---- -), compared with pooled normal human
serum ( - ). Phagocytic function of the patient's serum
was only slightly reduced (81%o), compared with 96%
phagocytic function of normal serum for Staphylococcus
aureus 5201. The percent phagocytic function was calculated
as follows: [(number of original bacteria -number of sur-
viving bacteria)/number of original bacteria] X 100.
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FIGURE 6 Phagocytic function of the patient's serum (Pt.
serum) (---- ), compared with pooled normal human
serum (PNHS) (- ) and heated (560C, 30 min) PNHS.
The patient's serum was severely impaired in phagocytic
function by over 90% when compared with the phagocytic
function of normal human serum for E. coli.

Subsequently, at 6 and 8 h an inflammatory infiltrate
of neutrophils developed with the appropriate shift to
a mononuclear cell response in our patient.

Quantitative serum immunoglobulins were normal
for the patient's age: IgG, 430 mg/100 ml; IgM, 135
mg/100 ml; IgA, 67 mg/100 ml; and IgE, 60 IU. In
vitro lymphocyte proliferation to phytohemagglutinin,
allogeneic cells in mixed lymphocyte culture, and to
specific antigen (streptokinase/streptodornase) were
normal.

Quantitation of the peripheral blood T cells by sheep
red blood cell rosetting technique was 64% (normal
61±3.8%). B-cell quantitation by rosette formation
with the C3 receptor (EAC) was normal (18%).

DISCUSSION
Deficiency of C3 has been reported in only one other
patient by Alper et al. (21). Their patient had many
problems with infections by pyogenic organisms. We
present an additional girl with C3 deficiency. No other
family members are available for genetic studies be-
cause the child was adopted. Of particular interest was
that the bacterial infections in our patient were pri-
marily with encapsulated organisms such as Haemo-
philus influenzae and Diplococcus pneumoniae. Since
resistance to the early stages of infection with encap-
sulated organisms may be related to the alternate path-
way (35, 36), examination of the biological functions
related to the C amplification systems were studied.
The IA reactivity of the patient's serum was normal.

This phenomenon is based on the ability of antigen-
antibody complement complexes to adhere to nonsensi-

tized cells such as red cells, leukocytes, macrophages,
and platelets (37). Early studies demonstrated that IA
depended on bound C3 (37). Nelson emphasized that
IA was important in the opsonization of viruses and
bacteria in the mechanism of phagocytosis (38). How-
ever, our patient has no C3. Recent studies by Cooper
have demonstrated that bound C4 can produce IA in-
distinguishable from C3-dependent IA (39). The reac-
tivity of C4 in our patient in IA was lost after treat-
ment of the patient's serum with hydrazine or anti-
serum to C4. This C4-dependent IA reactivity may be
important in enhancing in vivo opsonization and phago-
cytic mechanisms.
When the patient's serum was examined for its

ability to support the phagocytosis of two bacterial or-
ganisms, i.e. Staphylococcus aureus and a freshly iso-
lated strain of E. coli, a marked deficiency in opsonic
activity against only the E. coli organism was ob-
served. This is consistent with the child's clinical prob-
lems with encapsulated bacteria and gram-negative or-
ganisms. These bacterial organisms are primarily
handled by the alternate pathway, especially if specific
antibodies are not present (40). Thus, phagocytosis
will be significantly compromised in the absence of C3.
On the other hand, if specific antibodies are present, as
is often the case for Staphylococcus aureus, phagocy-
tosis may proceed by the classical pathway in which
C4-dependent IA may play a role. The in vitro opsoni-
zation studies of the Staphylococcus organism and
the lack of infections clinically with gram-positive, non-
encapsulated organisms such as Staphylococcus or
Streptococcus suggest that the C4-dependent IA mecha-
nism may be operating in our patient.
Another important aspect of the C-related inflam-

matory response is the production of chemotactic fac-
tor (s). This was indirectly examined in vivo by the
Rebuck skin window technique with abrasion as the
inciting inflammatory stimulus (34). There was an
early impairment of the mobilization of neutrophils. An
inflammatory cellular response developed subsequently
at 6 and 8 h. The absence of C3 may have contributed
to the early impairment of neutrophil mobilization,
overcome as other leukotactic substances were gener-
ated (41, 42). Our patient does, however, develop an
appropriate leukocytosis during her infections, in con-
trast to the other reported patient with C3 deficiency
described by Alper et al. (21). Alper's patient failed
to have a neutrophilia even with severe infections, al-
though her neutrophils showed normal chemotaxis in
response to hydrolysed casein. A Rebuck skin window
was not done, nor was the generation of chemotactic
activity from their patient's serum tested.

Hemolytic total C as well as bactericidal activity
against E. coli organisms was restored by the addition

Complete Absence of the Third Component of Complement in Man 707



of functionally pure C3. These observations suggest
that the failure to measure hemolytic C3 is not due to
the presence of an inhibitor to C3.
The functional integrity of the alternate pathway was

examined by the indirect lysis of glutathione-treated
sheep erythrocytes by CVF (22), and by the cleavage
of factor B to B with inulin and CVF. When cleavage
of factor B was examined by activation with inulin or
CVF, no electrophoretic conversion of factor B oc-
curred. With the addition of partially purified Cordis
C3 to the inulin-serum mixture, conversion of factor
B to B occurred in all four instances with different
preparations of Cordis C3. These observations were
similar to those described by Alper et al. in their C3-
deficient serum. A conversion of factor B with zymosan
occurred only after reconstitution of the patient's se-
rum with purified C3 (21).

In contrast, with the addition of Cordis C3 to the pa-
tient's CVF-serum mixture, cleavage of factor B to B
occurred only with one lot of Cordis C3 and not with
three other preparations. Furthermore, when the con-
centration of CVF was varied from 2 to 50 ug/ml,
with constant amounts of C3 or when the amount of
C3 was varied with two different concentrations of
CVF, 5 and 25 Ag/ml, conversion of factor B to B was
still not observed. It has been shown that C3b is not
needed for the conversion of factor B by CVF (43). In
fact, C3b is analogous to CVF in its requirement for
factors B and D in the conversion of factor B and the
generation of C3-cleaving activity (44, 45).

Fearon, Austen, and Ruddy (45) have recently dem-
onstrated that factor D exists in a precursor state in
serum and that this form of factor D is inactive in
CVF-induced conversion of factor B. The conversion
of factor B by CVF essentially bypasses the early
components of the alternate pathway, but requires ac-
tive factor D (D) for the cleavage of factor B. On
the other hand, inulin or zymosan activates the early
components of the alternate pathway, in which acti-
vated P (P) in the presence of C3 (46) activates fac-
tor D to D (46). Since CVF does not lead to the ac-
tivation of P, no change in the state of factor D can be
expected even in the presence of C3. Since our patient
lacks C3, the possibility exists that all the factor D in
the patient's serum is in the precursor form, and thus
inactive for the CVF-induced conversion of factor B.
The demonstration of cleavage of factor B with one
Cordis C3 preparation could be attributed to a small
amount of active factor D in the preparation.

Other explanations for the failure of CVF to cleave
factor B are possible. Although no electrophoretic con-
version of factor B by CVF could be demonstrated,
functional factor B activity by CVF-induced indirect
lysis of glutathione-treated cells was demonstrated.

The discrepancy between the normal serum concentra-
tions of factor B measured immunochemically and the
reduced functional factor B activity (44% of normal
pooled serum) may be related this failure of CVF to
convert factor B. Recently, Day and Muiller-Eberhard
(47) reported that a cold-dependent activation of the
alternate pathway occurred without conversion of factor
B, suggesting that enzymatically active factor B (B)
can exist without cleavage. Finally, our patient may
lack another serum protein, i.e., cobra venom-binding
protein (48, 49), important as a co-factor in the
CVF-induced cleavage of factor B to B and in the
indirect lysis of glutathione-treated erythrocytes.
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