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SUMMARY

The plasma levels of complement haemolytic activity (CH50) of some complement components
and of C3d, a C3 breakdown product, were measured in fifty-nine African children with various
types of protein-energy malnutrition (PEM) including kwashiorkor, before and during recovery.
A significant decrease of CH50, C3, C9 and factor B was observed in PEM without a concomitant
decrease of C4 and C5. Increased plasma levels of C3d were also found in PEM patients. Two
mechanisms seem to be involved in the impairment of the complement system in PEM: (1) a
decreased synthesis of at least C3 and C9 as suggested by a significant correlation between C3
or C9, levels and those of albumin and cholinesterase; (2) an increased catabolism of C3 possibly
due to an activation of the alternative complement pathway, as suggested by the increased level of
C3d and the decreased level of factor B which are significantly correlated with C3 levels but not
with albumin levels.
These data support the possible role of a relative complement deficiency upon the decreased

resistance to infections observed in malnourished children.

INTRODUCTION

There is good evidence that malnutrition favours the development of diseases, particularly in children.
It has been shown that up to 50% of children with protein-energy malnutrition (PEM) may suffer from
a variety of severe and often fatal infections (Philipps & Wharton, 1968; Scrimshaw, Taylor & Gordon,
1968). This effect of malnutrition has been related to alterations of the endocrine system (Hadde n
1967; Whitehead, Coward & Lunn, 1973), impaired enzymatic function (Metcoff et al., 1966; Waterlow
& Stephen, 1969) hepatic disorders (Antener et al., 1977) and impaired immune responses (humoral
and cell-mediated) (Brown & Katz, 1966; Douglas & Schopfer, 1974; Neumann et al., 1975; Schopfer &
Douglas, 1976a, b; Smythe et al., 1971). Decreased complement activity (Suskind et al., 1972) and a
reduced serum concentration of some complement components has been observed (Sirisinha et al.,
1973). These changes may result from a deficient protein synthesis or from an increased catabolism
possibly related to concomitant infections (Chandra, 1975; Olusi et al., 1976).

In the present study, the complement haemolytic activity, the serum level of various complement
components and the concentration of a complement breakdown product, C3d, have been measured in
fifty-nine African children with PEM. In addition, these data were correlated with other immunological
parameters and with biochemical features of liver dysfunction. The serum levels of immunoglobulins,
cholinesterase, albumin, prealbumin and transferrin were determined. The results were compared to
those of two control groups of age-matched children without signs of malnutrition, one group suffering
from various infectious diseases, the other group being apparently healthy.
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MATERIAL AND METHODS

Sampling. Fifty-nine children aged 15 to 25 months admitted for severe malnutrition to the CHU-Treichville Hospital
in Abidjan were examined. They were divided into three groups according to the McLaren scoring system (McLaren,
Pellett & Read, 1967): marasmus (n = 10), marasmic-kwashiorkor (n = 18) and kwashiorkor (n = 31). Furthermore, the
kwashiorkor group was subdivided into two groups depending on the serum cholinesterase level group 1: cholinesterase <
1000 IU; group 2: cholinesterase > 1000 IU. Some of the children were re-examined during recovery at 7, 15 and 30 days
after admission. The patients were compared with two control groups of ten age-matched children children each with a
weight/age ratio > 90% of the Harvard standard: one group of healthy children and one group of children admitted for
serious bacterial infections (meningitis, pneumonia, pleurisy, enteritis, and osteomyelitis).

Blood samples were taken from the femoral vein. For the collection of serum, blood was allowed to clot at ambient tem-
perature for 1-2 hr, then centrifuged at 1500 g for 15 min. To obtain plasma, blood was collected in plastic tubes with
EDTA (20 mm final concentration) and centrifuged at 1500 g for 15 min. Both serum and plasma were stored in liquid
nitrogen at - 190'C until determination.
Immunochemica, studies. Pooled plasma from Ivorian adults served as standard for complement estimations and

determinations of the complement haemolytic activity (CH50). Transferrin, prealbumin, fibrinogen, IgG, IgA, IgM, the
complement components: C4, factor B, C3, C5, C9 and Cl-Inactivator were measured by single radial immunodiffusion
using specific antisera from Behringwerke (Marburg, Germany).

In a first step, for the determination ofC3d, native C3 and high molecular weight fragments C3b and C3c were precipitated
with polyethylene-glycol (PEG). In a second step, the C3d fragment was measured in the PEG supernatant by single radial
immunodiffusion using specific anti-C3d antiserum (Perrin, Lambert & Miescher, 1974). The haemolytic activity of comple-
ment (CH50) was measured according to Nydegger et al., (1972).

Biochemical studies. The cholinesterase (E.C. 3.1.1.8) activity was measured with the iodide-acetylthiocholine method
of Ellman (kits no. 15.984 from Boehringer, Mannheim). Lysozyme (E.C. 3.2.1.17) concentration in serum was determined
by turbidimetry after lysis ofMicrococcus lysodeicticus (kit no. 15.351 from Boehringer, Mannheim).

RESULTS

Complement studies (Table 1) show a decreased complement haemolytic activity (CH50) for all types of
PEM with the lowest values in severe kwashiorkor cases. Such a decrease is not generally observed in

TABLE 1. Complement components and complement haemolytic activity in various types of PEM. (Values expressed in
percentage of the controls C = 100%.)

N C4 Factor B C3 C5 C9 Cl-I CH50

Kwashiorkor I 24 97±33 58*±19 46*±22 105±20 44*±25 94±26 57*1:19
Kwashiorkor II 7 100+49 59*±37 62t±32 95±13 44*±23 102±45 63ft±37
Marasmic kwashiorkor 18 108+38 64*±26 72t±28 109±1 7 73±39 100±27 70t±26
Marasmus 10 101±35 65*±14 764±28 111±13 82±36 117±39 75t±14
Infections 10 102±53 87±20 123±36 125±17 118±25 100{17 98±20
Controls (100%) 10 100±49 100±19 100±26 100±14 100±31 100±17 100±16

Mean±1 s.d. * P < 0-001, t P < 0.01, t P < 005.

children hospitalized only for infections without malnutrition. The plasma level of complement com-
ponents is not uniformly influenced by malnutrition. On one hand, C3, C9 and factor B are significantly
lower in the various types of PEM than in age-matched control children. The decrease of C3 and C9
appears to be correlated with the severity ofPEM, which is not the case for factor B levels. On the other
hand, the levels of C4, C5 and of Cl-Inactivator fall within normal range.
The plasma concentration of C3d, one of C3 breakdown product, is significantly increased (P < 0.01)

in patients with PEM as compared to non-malnourished-infected patients and to normal children
(Table 2). In addition, the C3d/C3 ratio appears higher in all PEM groups than in the control popula-
tion. Sequential studies during recovery ofPEM indicate a progressive normalization of all complement
values (Fig. 1), as well as a decrease of the C3d/C3 ratio (Fig. 2).
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TABLE 2. C3d level and C3d/C3 ratio in various types ofPEM

C3d
N (mg%) C3d/C3

Kwashiorkor I 13 1-7+0-5 5-1*+2-1
Kwashiorkor II 6 2-2±0-9 8-4+7-0
Marasmic kwashiorkor 9 2-4+1-1 5-1+4-5
Marasmus 8 24+11 41t±3-5
MeanPEM 36 2-lt0-7 5.4*+1.8
Infections 8 1-8+0-6 2-1±0-9
Controls (100%) 8 1-7+0-2 2 3±0 5

Mean±1I s.d. * P < 0 001, t: P < 0 01, t P < 0 05.
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FIG. 1. Complement components during recovery in protein-energy malnutrition (percentage of controls
±s.e.m.). (a) ( ) C3; ( ) C5; (b) ( ) Factor B; (- - -) Cl-Inactivator; and (c) ( ) C9; (- - -) C4.
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FIG. 2. C3d/C3 ratio in controls infectious diseases and protein-energy malnutrition during recovery.
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TABLE 3. Albumin, transferrin, prealbumin, cholinesterase and lysozyme levels in various types of malnutrition

N Albumin Transferrin Prealbumin Cholinesterase Lysozyme
(g/100 ml) (mg/100 ml) (mg/100 ml) (UI) (UI)

Kwashiorkor I 24 1.9*10.4 78* 54 6 8*13 3 670* 192 84,131
Kwashiorkorl1 7 2.1*4-04 102*4 60 10 6X4 0 1375*1274 94+29
Marasmickwashiorkor 18 2.4*L0 6 141*+66 80t±3 8 941±478 119186
Marasmus 10 3 3* 0-6 148t _91 7-2t --4 0 1842t 942 135160
Infections 10 2.9* ;-0 6 187 79 7 4t- 3 0 1646t- 1035 100-+-30
Controls 10 4 54-04 282±67 12 5X2 7 3160±785 100127
Normal values at about
2 years of age - 3 6±0 3 253131 17 9± 1 9 2900-900

Mean I s.d. * P < 0 001, t P < 0 01.

A correlation study performed on malnourished children showed a significant correlation coefficient
between C3 level and those of: C9 (r = 0 37; P < 0.01), factor B (r = 0-51; P < 0.001) and CH50
(r- 067; P < 0-001), but not with C4 or C5.
As expected, the PEM patients exhibit normal or increased serum levels of IgA, IgG and IgM, while

there was a progressive decrease of albumin, transferrin, and cholinesterase levels, but not of lysozyme
according to the severity of PEM (Table 3). Correlation studies show some significant correlations be-
tween the level of albumin and those of C3 (P < 0.001) and C9 (P < 0.05), but not with factor B nor C5.
Similar correlations are observed between cholinesterase level and those of C3 and C9.

DISCUSSION

The present study confirms the occurrence of major changes in the activity of the complement system in
malnourished children. The striking decrease of CH50 observed in the various forms of kwashiorkor is
probably dependent on the very low levels of C3 associated with PEM, considering the good correlation
between C3 levels and CH50. The relative influence of a decreased C3 synthesis and an increased cata-
bolism of C3 in the modification of C3 levels in PEM has to be considered.
The significant correlation between the plasma levels of albumin or cholinesterase and those of C3

suggest a major role of a decreased protein synthesis in the liver. This hypothesis is supported by the
concomitant decrease of C9 since both C3 and C9 seem to be mainly synthesized in liver cells (Ruddy,
Sigh & Austen, 1972). It is likely, however, that an increased catabolism of C3 is also involved in the
decrease of C3 levels since an increase of the plasma level of C3d, one breakdown product of C3, is
associated with the decrease of the absolute plasma concentration of C3 in all types of PEM. This sug-
gests that an activation of the complement system also occurs during PEM which may further decrease
its residual activity. The possible mechanism of such an activation process should be questioned. The
fact that normal levels of C4 are observed in PEM, while decreased levels of factor B appear to be corre-
lated with C3 levels but not with albumin or cholinesterase levels, tends to indicate that an activation of
the alternative complement pathway may be responsible for an increased complement consumption.
This activation may be triggered directly by infectious agents or by immune complexes, but one cannot
exclude the possibility that PEM could be associated with a decreased activity of factors modulating
the activation of the pathway, such as C3b Inactivator of ,llH.
The significance of the alteration of the complement system and particularly of the decrease of factor B

levels during PEM should be considered in relation to the high incidence of a variety of infections in this
condition. Severe complement deficiencies such as C3 deficiency, and relative deficiencies of the alter-
native complement pathway have been shown to be associated also with a decreased resistance against
infections. Therefore, considering the normal levels of antibodies observed in malnourished children, a
decreased efficiency of a potent effector mechanism such, as the complement system, may be involved in
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the decreased resistance to infection in those children. In addition, it should be noted that the CH50
level seems to reflect the degree of malnutrition and may be used as a good immunological indicator of
PEM since it is not decreased in infected but well-nourished children, unlike the serum levels of albu-
min or cholinesterase.
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