
Pediatr. Res. 15: 362-365 (198 1 )  complement immune complexes 
hypocomplementemia Reye syndrome 

Hypocomplementemia in Reye Syndrome: 
Relationship to Disease Stage, Circulating 

Immune Complexes, and C3b Amplification Loop 
Protein Synthesis 

HAROLD K. MARDER,'~"' C. FREDERIC STRIFE, JUDITH FORRISTAL, JACQUELINE PARTIN, 
AND JOHN PARTIN 

The Children's Hospital Research Foundation and the Department of Pediatrics, University of Cincinnati College o j  
Medicine. Cincinnati, Ohio, USA 

Summary 

Measurement of Clq, C2, C4, C5, C6, factor B, properdin, P l H ,  
and C3bINA were made in acute sera from 31 patients with Reye 
syndrome. Abnormalities were found in 18 patients. The magnitude 
of the complement component depression correlated with disease 
severity. Sera from patients with stage IV illness had significantly 
lower complement levels than did sera from patients with stage I 
( P c 0.001), 11 ( P c 0.05), and 111 ( P < 0.05) disease. Circulating 
immune complex measurements were performed on all 31 acute 
sera and were present in six (19%). However. from the results of 
the present study, it would appear that in the majority of the 
patients circulating immune complexes are not the cause of the 
lowered levels of, at least, C3  and factor B. Rather, these low 
levels could be explained as  secondary to reductions in the levels 
of the C3b amplification loop control proteins /31H and C3bINA. 

Speculation 

In Reye syndrome, the exact mechanism responsible for reduc- 
tion of many complement proteins including /3lH and C3bINA 
remains obscure. Although circulating immune complexes are 
present transiently, the observed low levels of a t  least C3  and 
factor B are best explained by hyposynthesis of their control 
proteins, /31H and C3bINA. Although the mechanism of this 
hyposynthesis is unknown, the absence of a pattern of complement 
depression typical of severe liver disease suggests a generalized 
cellular disturbance resulting in impaired complement protein 
synthesis. 

Reye syndrome is a systemic illness of unknown pathogenesis 
manifested by acute encephalopathy and invariably associated 
with a characteristic panlobular microvesicular fatty liver (I I). 
Typically, children present with vomiting and progressive enceph- 
alopathy occurring within I wk after onset of certain viral illnesses, 
most notably influenza A or B and varicella. Recently, abnormal- 
ities of classical complement pathway components have been 
described by Pickering et al. (12). Immune complex depletion of 
early complement components was suggested as a potential expla- 
nation for the observed low levels of Clq ,  C4, and C2 in three of 
their 16 patients. The present report, although confirming these 
previous observations (12). notes a direct association between the 
severity of the complement abnormalities and the disease stage. 
Circulating immune complexes were found in sera from some 
patients but in most factors other than immune complexes appear 
to be responsible for the low serum complement levels. 

PATIENTS AND METHODS 

Acute serum was obtained on admission from 3 1 patients who 
met previously established diagnostic criteria of Reye syndrome 
(1 1, 13). Clinical staging upon admission was assessed by the 
method of Lovejoy et al. (9). Seven of 3 1 patients were in stage I, 
four in stage 11, 14 in stage 111, and six in stage IV. Three patients, 
all with stage IV disease, ultimately died. The illness in 12 patients 
was preceded by varicella infection, whereas the remainder expe- 
rienced an influenza1 prodrome. Patients were treated with sup- 
portive therapy and exchange transfusion where indicated (I).  All 
acute sera were collected before such manipulations and stored at 
-70°C until used. Convalescent sera were obtained from 18 of 28 
survivors (five with stage I, four with stage 11, and nine with stage 
I11 disease). Sera from five patients who had varicella encephalitis 
without evidence of Reye syndrome also were evaluated. All sera 
obtained from patients and reported in the present study was done 
so with parental approval and approval from the Human Research 
Committee at the Children's Hospital Medical Center. 

Measurements of Clq,  C4, C3, C5, PIH, C3b inactivator 
(C3bINA). factor B, and properdin were made by radial immu- 
nodiffusion as previously described (4, 15, 20). C2 was measured 
by radial immunodiffusion using antibody prepared in goats by 
injection of purified C2 (Cordis Laboratories, Miami, FL) and 
rendered monospecific by absorption with heated normal human 
serum. Specificity was confirmed by finding an arc of identity by 
double diffusion in agarose with antLC2 kindly provided by Dr. 
Enrique Vallota. Radial immunodiffusion measurement of C6 
used antibody raised in goats by injection of purified C6 obtained 
from Dr. Carlos Arroyave and rendered monospecific by absorp- 
tion with normal human serum. The precipitin arc formed by this 
antiserum had a reaction of identity with antLC6 kindly provided 
by Dr. Arroyave. Measurements of C lq, C2, properdin, C3bINA. 
and C6 were standardized using a reference serum quantitated by 
the Department of Molecular Immunology of the Scripps Clinic 
and Research Foundation. The normal range (mean +. 2 S.D.) for 
all complement components was determined from measurements 
of levels in sera from 135 healthy adult hospital personnel. 

Circulating immune complexes were sought using a modifica- 
tion of the solid phase C l q  method of Hay et al. (5). The method 
was modified by substituting ethylenediamine-tetraacetate for 
56°C heating of the sera and Tween 20 (MCB, Norwood, OH) for 
gelatin (18). Levels < 7 pg aggregated IgG equivalents per ml are 
considered to be elevated as determined by measurements of 
immune complexes in 20 healthy children. C3 nephritic factor was 
measured as previously described (17). Statistical analyses were 
performed using the Student t test, Snedecor's F test, and linear 
regression analysis by the method of least squares. 
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RESULTS 

As shown in Figure I ,  measurements of Clq, C2, C4, C3, C5, 
C6, factor B, properdin, PIH, and C3bINA were made in acute 
sera from all 3 1 patients. In eleven of 3 1 acute sera, levels of three 
or more complement proteins were depressed, in three sera two 
were depressed, and in four a single protein was depressed. 

The relationship between the complement protein levels and 
the clinical stage of disease is shown in Table 1. The seven patients 
with stage I disease had complement protein levels which did not 
significantly deviate from normal; one had isolated reduction of 
Clq. Two of the four patients with stage I1 disease had entirely 
normal serum complement profiles whereas the remaining two 
patients had depression of two and four serum complement pro- 
teins. Levels of C Iq and C3 were significantly low when compared 
to normals. Seven of 14 sera from patients with stage 111 disease 
had at least two serum complement proteins depressed, and levels 
of C2, C3, C5, C6, and PIH were significantly depressed when 
compared to normals. Five of six sera from patients with stage IV 
disease had two or more complement proteins depressed, and all 
complement proteins except- properdin were significantly low 
when compared to normals. As seen in Table 2, sera from patients 
with stage IV illness had significantly lower complement levels 
than did sera from patients with stage I ( P  < 0.001), I1 ( P  < 0.05), 
and 111 ( P  < 0.05) disease. In addition, regression analysis indi- 
cated a significant relationship between the clinical stage of illness 
and the number of low complement proteins (n = 3 1; r = 0.62; P 
< 0.001). 

Convalescent sera from 18 patients were available for comple- 
ment protein determinations. In four specimens, a single protein 
concentration was low. One of these four patients was found to 
have heterozygous C2 deficiency as determined by family studies. 

Complement protein levels were normal in five patients with 
varicella encephalitis with no evidence of Reye syndrome. 

Circulating immune complex measurements were performed on 
all 31 acute sera. Six (19%) contained circulating immune com- 
plexes; four from patients with stage 111 disease (29%) and two 
from patients with stage IV disease (33%). The stage Ill patients 
had levels of 8.6, 10, 12, and 27.5 pg aggregated IgG equivalents 
per ml, whereas stage IV patients had levels of 42.5 and 127 pg 
aggregated IgG equivalents per ml. Four of the six patients with 
immune complexes had marked disturbances in their complement 
profiles with at least four components depressed. The remaining 
two patients, whose immune complex levels were the lowest (8.6 
and 10 pg aggregated IgG equivalents per ml), had only one 
component depressed. One of these two patients had heterozygous 
C2 deficiency. Convalescent sera were available from four of six 
patients who initially were found to have circulating immune 
complexes. No complexes were present in the convalescent sera. 

To provide insight into the cause of hypocomplementemia and 
its relationship to the circulating immune complexes, the data 
were judged according to the correlation between control and 
component proteins of the C3b amplification loop as described by 
Wyatt et al. (19). There is normally a linear relationship between 
the sum of the concentrations of C3 and factor B, on the one hand, 

CLINICAL STAGE 

Fig. I .  Acute serum complement protein levels from 31 patients with Reye syndrome. Ilori:ontal bars, normal ranges (mean * 2 S.D.) .  Numbers in 
parentheses. percentage of sera with abnormally low component levels. 

Table 1. The signiJicance of the dfference between serum complement levels in patients with varying stages of Reye syndrome and in 135 
normal subjects 

P 
Clinical 

stage c l q  C2 C4 C3 C5 C6 Factor B Properdin C3blNA SIH 

I N.S.'  N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.  
I I tO.01 N.S. N.S. tO.05 N.S. N.S. N.S. N.S. N.S. N.S.  
111 N.S. t0.001 N.S. tO.001 <0.001 <0.001 N.S.  N.S. N.S.  t 0 . 0 5  
IV tO.01 t0.001 <O.O I t 0 . 0 0  1 t0.001 <0.00 1 t O . O  1 N.S.  t0.001 <0.001 

~ -- 

' N.S., no significant difference. 
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Table 2. Comparison of serum complement levels of stage IVpatients with those of patients with Stage I, II, and III illness 
P 

Clinical 
stage Clq C2 C4 C3 C5 C6 FactorB Properdin C3bINA PIH 

I vs. IV N.S.' t0.001 t0.001 t0.001 tO.001 tO.001 tO.001 tO.OO1 tO.001 t O . O O 1  
11 V S .  IV N.S. t0.05 t0.05 t0.05 tO.001 t0.01 tO.0 1 N.S. N.S. t0.05 

111 vs. IV N.S. t0.05 N.S. N.S. t0.05 t0.05 N.S. t0.05 N.S. N.S. 

' N.S., not significant. 

320 - incidence of depression of the early complement components, C Iq 
and C2, suggesting the possibility of classical pathway activation. 

280 - 
Pickering et al. (12), noting low functional and/or protein levels 
of C Iq, C4, and C2 in three of their 16 patients, suggested that the 
complement abnormalities might be the result of depletion by 

240 - immune complexes. In the present study, circulating immune 
complexes containing IgG and having the potential of initiating 

200 - 
classical pathway activation were present in relatively low concen- 
tration in sera from four patients with marked abnormalities in 
complement component levels and in sera from two additional 

160 - patients with mild complement component abnormalities. 
From the results of the present study, it would, however, appear 

120 - O =  m that in the majority of the patients, circulating immune complexes 
a ;  IP are not the cause of the lowered levels of, at least, C3 and factor 

B. This conclusion is based on the observation by Wyatt et al. (19) 
that the serum levels of C3 and factor B are, under normal 
conditions, largely controlled by the levels of the control proteins 
of the C3b amplification loop, P I H  and C3bINA (Fig. 2). This 
relationship between the control proteins and C3 and factor B is 
consistent with in vitro observations of an absolute requirement 

I I I I I I I I for P I H  in the cleavage of fluid phase C3b by C3bINA (3). The 
4 0  80 120 160 200 240 280 320 relationship between these proteins is preserved in serum from 

infants and cord blood and from patients with various chronic 
C,~INA +B,H (XNL) illnesses including neohrosis and malnutrition. even though C3 

Fig. 2. The sum of the C3b amplification loop control protein levels 
(SIH + C3blNA) is plotted against the sum of the component protein 
levels (C3 + factor B) measured in acute serum specimens from patients 
with Reye syndrome. All values are expressed as a percentage of the 
normal adult levels. The normal regression (-) and 95% error of the 
prediction ( - - - - )  were determined as previously reported (19). 

and of P l H  and C3bINA on the other, when the concentrations 
are expressed as percent of the normal adult level. The limits of 
this relationship in normal subjects are shown in Figure 2. With 
serum specimens from normal adults, the correlation coefficient 
for this relationship is 0.83, and for adults, infants, and cord serum 
combined, r = 0.91. The presence of circulating complement 
reactive material alters this relationship by lowering C3 + factor 
B below the level expected from the concurrent P l H  and C3bINA 
levels. As can be seen in Figure 2, in serum from 29 patients with 
Reye syndrome, the levels of C3 and factor B were in the range 
expected for the P I H  and C3bINA levels. In two sera, the sum of 
C3 and factor B was disproportionately lower than expected for 
the sum of P l H  and C3bINA. The hypocomplementemia in these 
two specimens is thus eligible to be due to circulating complement 
reactive material. Both sera contained circulating immune com- 
plexes. One was from the stage 111 patient with 27.5 pg of aggre- 
gated IgG equivalent per ml, and the other was from the stage IV 
patient with 127 pg of aggregated IgG equivalent/ml. 

C3 nephritic factor was absent in all 3 1 acute sera. 

and factor B lev&, dy normal adult standards, may be &nifi- 
cantly abnormal in these conditions. However, with complement 
reactive material present in the circulation, as occurs in hypocom- 
plementemic glomerulonephritis, or in subjects in whom hyposyn- 
thesis is confined to C3 as in heterozygous C3 deficiency, the 
PIH-C3bINA control is lost, and the sum of C3 and factor B falls 
below the normal range. Applying this observation to the present 
data. the low C3 and factor B levels in two soecimens could have 
been the result of circulating complement reactive material be- 
cause the sum of the levels of these two proteins fell below the 
normal range. In both specimens, immune complexes eligible to 
activate the classical pathway were present. In the remaining 
specimens, however, the low C3 and factor B levels could be said 
to be "physiologic," i.e., secondary to a reduction in P I H  and 
C3blNA even though in some of these specimens immune com- 
plexes could be demonstrated. 

Other mechanisms for hypocomplementemia were investigated. 
Adenovirus, influenza and varicella infections have been associ- 
ated with hypocomplementemic glomerulonephritis (7, 14). Sera 
from five patients with varicella encephalitis had complement 
protein determinations to assess the contribution of a varicella 
prodrome to the hypocomplementemia. The complement com- 
ponent levels in these patients tended to be greater than 2 standard 
deviations above the mean, suggesting enhanced synthesis as the 
result of an acute phase reaction. 

It may be hypothesized that the observed complement compo- 
nent abnormalities are a function of decreased hepatic synthesis 
resulting from the characteristic panlobular microvesicular fatty 

DISCUSSION liver f&nd in patients with severe Reye syndrome. ~ l t h o u ~ h  
many complement components are synthesized in the liver and 

This report confirms the previous observations of Pickering et are thus eligible for hyposynthesis in Reye syndrome, the specific 
al. (12) demonstrating hypocomplementemia in patients with Reye pattern of reduction is not that expected with decreased hepatic 
syndrome. We have extended their observations by showing a synthesis alone. C4 levels, frequently depressed in both acute and 
relationship between the hypocomplementemia and the severity chronic liver diseases (2, 10, 16). were normal in 30 of 31 patients 
of the disease. Our results differ in that we observed a greater in the present study and in 8 of 10 patients studied by Pickering 
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et al. (12). Levels of CS and Clq, both in normal concentration in 
acute and chronic liver disease (2, 16), were frequently reduced in 
acute sera from patients with Reye syndrome. There were, on the 
other hand, parallels between Reye syndrome and liver disease; in 
both C3 and C6 levels are reduced. Human complement compo- 
nent proteins are also synthesized in tissue monocytes, intestinal 
epithelial cells, and the spleen (6, 8). Thus, a more generalized 
hyposynthesis of complement proteins is likely responsible for the 
low levels observed in Reye syndrome. . . 

In summary, hypocomplementemia is frequently found in pa- 
tients with Reye syndrome and tends to reflect the severity of the 
underlying disease. The pattern of hypocomplementemia seen in 
many patients suggests classical pathway activation. This could be 
the result of the transiently circulating immune complexes demon- 
strable in some patients, but in most cases, the low levels of at 
least C3 and factor B are explained as secondary to reductions in 
the levels of the control proteins, P lH  and C3bINA. 
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