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Impairment of hemolytic complement activation by both
classical and alternative pathways in serum from patients

with kwashiorkor
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Richard B. Johnston, Jr., M.D., and Juan J. Urrutia, M.D.
Boston, Massachusetts, Guatemala City, Guatemala,

and Denver, Colorado

MANY DIVERSE DEFECTS in host defense mechanisms
have been described in children with severe protein-energy
malnutrition."? A consistent finding has been a reduction
in classical pathway hemolytic complement activity,"?
diminished concentration of all classical pathway compo-
nents except C4,' and evidence of in vivo complement
activation (including the demonstration of C3 breakdown
products and immunoconglutinin, an antibody to activated
C423 complexes, in serum.® Much less has been reported
about alternative pathway activity in PEM,%" although
this mechanism may be of considerable importance in
defense against gram-negative bacteria, a common cause
of terminal sepsis in PEM.*

We assessed both pathways of complement activation
and serum opsonic activity in patients with acute PEM and
observed changes with nutriticnal rehabilitation.

METHODS

Seven boys, aged 19 to 36 months, with acute kwashior-
kor-type PEM, were referred by cooperating local hospi-
tals. Parental consent for all studies was obtained, and the
children were admitted to the clinical research ward of the
Institute of Nutrition of Central America and Panama.
PEM was carcfully defined by anthropometric (weight/
height index, arm circumference, and skinfold thickness)
and biochemical criteria (creatinine height index, total
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serum protein). All scven children were severely malnour-
ished. All improved during 28 days of optimal dictary
therapy.

Five milliliters blood was obtained on admission and on
days 3, 7, 14, and 28. Serum was removed and kept frozen
at —=70° C until thawed for assay of complement and.
opsonins. Complement activity was mecasured by a kinetic
hemolytic assay for classical’ and alternative pathways."
Data are reported as the ratio of the half-lysis time (Lt )
of patient/control serum X 100. Opsonic activity was mea-
sured as the serum-dependent uptake of radioactive bacte-
ria by normal neutrophils at limiting concentrations of
serum.'" Opsonic activity is reported as a percent of a
standard serum used in each assay as reported.

PEM  Protein-energy malnutrition

RESULTS

Nutritional status indicators improved during the study
(e.g., admission and day 28 mean values: weight/height
deficit 25.5% and 12.8%, respectively; total serum protein
concentration 5.0 and 7.0 gm/dl), with duration of catch-
up growth averaging 22.7 days and mean weight gain of
8.2 gm/kg/day. During hospitalization three patients had
urinary tract infections, two had varicella, one developed
hepatitis, one had shigellosis, and one had bacteremia with
a non—group A S-hemolytic streptococcus; one or more
intestinal parasites were found in four children.

Prolongation of Lt ¥2 >50% control was present in five
patients each for the classical and alternative pathways
and for both pathways in four patients (Table I). Opsonic
activity was <50% of standard for Staphylococcus aureus
in one patient, for Esherichia coli 286 in two, and for E.
coli ON-2 in three. Although there was no direct correla-
tion between opsonic activity and Lt%4, in four of five
patients with decreased opsonic activity there was a
significant prolongation of-Lt!%, in contrast to one of nine
patients with higher opsonic activity.

There was relatively little change in complement and



Volume 105
Number 3

Clinical and laboratory observations 43S

Table 1. Hemolytic complement and opsonic activity at admission

Complement® (Lt % control)

Opsonins (% standard serum)

Patient Classical Alternanve S aureus E col 286 E coli ON-2
| 140 140 63 124 3l
2 570 270 65 118 122
3 160 140 81 65 92
4 170 160 53 96 65
5 580 350 39 23 (19
6 450 370 65 38 12
7 130 210 82 149 119

*In the claasical pathway, no Lt% values 1n 22 normal sera exceeded 149% of the value obtained with standard normal serum used in these expeniments In the
aliernative pathway, no Lt¥% values for 30 normal sera exceeded 132% of the value obtained with the standard normal serum used in these experiments

Table 1. Sernial complement and opsonin assays in seven children with acute protein-energy malnutrition

Hosprtal Complement activity (Lt$5, % control) Opsonin actvity (% standard serum}
pita
day Classical Alternative S aureus E colt 286 E coli ON-2
Admussion 313 + 38 235 + 36 65 + 18 81 £ 15 65 + 18
3 253 + 60 213 = 41 72 £ 4 81 £ 12 64 £ 16
7 293 + 59 201 = 18 B0+ 5 87 £ 13 79 £ 13
14 226 £ 64 144 £ 19 70 £ 4 98 = 13 98 £ 10
28 96 % 15 101 £ 15 74 £ 5 101 £ 16 95+ 10

opsonic activity during the first week, but steady improve-
ment thereafter, with normalhization of complement activi-
ty and opsomns for the two E coli strains by day 28.
However, there was little change 1n opsonic activity for S
aureus (Table II)

DISCUSSION

Our data confirm a reversible decrease in classical
pathway complement as well as opsonic activity 1n some
children with PEM'2%4%12 and clearly document an
accompanying abnormality in the alternative pathway Of
note 1s the lack of significant change during the first week
of hospitalization, when malnourished children are at risk
of lethal gram-negative sepsis * Although there was a good
correclation between mean complement and opsonic activi-
ties, there was marked disparity in individual sera 1n which
complement was low but opsonins were high This dispari-
ty may be explainable by noncomplement opsonins 1n some
patients, however, we did not assay for heat-stable opsonic
activity

In PEM, the opsonic defect for the two E coli strains
resembles previous data 1n patient populations at risk for or
with gram-negative sepsis '* Based on the susceptibility to
gram-negative infections of subjects with genetic and
acquired defects in the complement system, such as sickle
cell disease or fS-thalassemia major,' 1t 1s hkely that
decreased complement in PEM contributes to opsonic
defects of clinical importance

The complement and opsonic defects were present in
some but not all of our patients with PEM, who were all
similarly malnounished The explanation for such hetero-
geneity 1s uncertain but may be related to vanability in the
duration of PEM 'prior to hospitalization, the recent
history of infectious.disease 1n our patients, complement or
opsonic consumption in some, or secondary abnormalities
in specific vitamins or minerals If the last mentioned 1s
true, rapid correction of these deficiencies might improve
host defense 1n the\cnitical first week of hospitalization
Lacking such information, we are proceeding to a tnal of
opsonic replacement! therapy
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