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Meconium aspiration syndrome (MAS) is a clinical condition
in the newborn infant with a significant morbidity and mortality.
The complex pathophysiology of MAS, leading to both pulmo-
nary and systemic complications, is characterized by an incom-
pletely understood inflammatory reaction. Treatment is symp-
tomatic, mainly limited to airway cleaning and ventilatory
support. In this study, we show for the first time that meconium
is a potent activator of complement, a key mediator of inflam-
mation. In vitro, meconium activated the alternative complement
pathway in human umbilical cord serum as judged by a substan-
tial increase in the alternative pathway convertase C3bBbP. The
activation proceeded through C3 (C3bc) and the terminal C5-9
pathway (terminal SC5b-9 complement complex), whereas the
classical and lectin pathways were not activated (C1rs-C1-
inhibitor complexes and C4bc). The lipid fraction, containing,
e.g. free fatty acids, and the water fraction, containing, e.g. bile
acids, contributed equally to the complement activation. A block-
ing antibody to factor D (alternative pathway) completely inhib-
ited the meconium-induced complement activation, whereas
blocking antibodies to mannose-binding lectin (lectin pathway)
and C2 (classical and lectin pathway) had no effect. In vivo,

meconium induced systemic complement activation in a piglet
model of MAS, paralleling the increase in lung dysfunction. In
conclusion, meconium is a potent activator of the complement
system both in vitro and in vivo. Complement may be important
in the pathogenesis of MAS, and specific complement inhibition
might be a possible treatment approach in MAS. (Pediatr Res 55:
310–318, 2004)
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The aspiration of meconium-stained amniotic fluid (MSAF)
in the newborn can lead to meconium aspiration syndrome
(MAS), which is a clinical syndrome with significant morbidity
and mortality (1). MAS might be defined as respiratory distress
in an infant who is born through MSAF and whose symptoms
cannot be otherwise explained (2). The pathophysiology of
lung injury in MAS is complex and includes both mechanical
obstruction by meconium and pronounced inflammatory re-
sponses (3). It has been postulated that other conditions, in-
cluding intrauterine infection and chronic and acute asphyxia,

rather than inhaled meconium, may explain the primary pa-
thology of MAS (4). The pathophysiology of MAS (hypox-
emia, pulmonary inflammation, and disturbed pulmonary va-
soregulation) bears similarities with acute respiratory distress
syndrome (5), the latter frequently being a manifestation of the
systemic inflammatory response syndrome (SIRS) in the pres-
ence or absence of bacterial infection (6, 7).

Lung inflammation by itself can lead to systemic inflamma-
tion (8). Leakage of meconium content through the alveolar
wall to the lung capillaries may bring substances from meco-
nium in direct contact with blood, leading to systemic inflam-
mation. Furthermore, lung rupture and meconium embolism in
chronic intrauterine meconium aspiration has been described
(9), which may be an additional mechanism for meconium
exposure to blood. Antenatal hypoxia and MAS may result in
muscularization in the distal pulmonary vasculature, pulmo-
nary hypertension, and persistent fetal circulation (10) associ-
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ated with more therapeutic difficulties. MAS prevention and
management is a subject for current discussion (11, 12). Early
steroids have been used as an attempt to control inflammation
in MAS (13), however, without significant success to establish
this as a therapeutic regimen. Meconium is a potent inhibitor of
surfactant, and surfactant replacement therapy has been asso-
ciated with beneficial effects (14), whereas surfactant lavage
has been controversial (15). Severe MAS is a frequent indica-
tion for ventilatory support (16) and extracorporeal membrane
oxygenation in critical cases (17). However, because the patho-
physiology of MAS is poorly understood, appropriate treat-
ment options are still limited. We hypothesized that meconium
might activate the complement system, an important mediator
of inflammation, and show in the present study that meconium
is a potent activator of the alternative pathway of complement
in umbilical cord serum and induces a systemic complement
activation in experimental MAS.

METHODS

Sera and Reagents

Adult and cord serum were prepared and pooled at 4°C.
Adult serum was obtained from five healthy individuals, and
cord serum was obtained from seven placentae immediately
after delivery (healthy mothers and newborns). Zymosan A
(Z-4250) and low molecular weight dextran sulfate (average
molecular weight, 5000; D-7037) were purchased from Sigma
(St. Louis, MO, U.S.A.), and human serum albumin (HSA; 200
mg/mL, Vnr. 478172) was purchased from Octapharma (Vi-
enna, Austria). C1 inhibitor (Berinert) was a gift from Aventis
(Marburg, Germany).

Antibodies

Mouse monoclonal antibodies (mAbs) inhibiting C2 (clone
175-62, IgG1) and factor D (clone 166-32, IgG1) and an
isotype-matched control mAb (clone G3-519, anti HIV1
gp120, IgG1) were produced under identical conditions in one
of the co-authors’ laboratory (M.F.) (18). Anti–mannose-
binding lectin (MBL; mAb HYB 131-01) was purchased from
Antibody Shop (Copenhagen, Denmark).

Enzyme Immunoassays

Human complement activation products were measured in
enzyme immunoassays (EIAs) based on mAbs to activation
products of the different pathways. Assay of C1rs-C1-inhibitor
complexes (C1rs-C1-inhibitor) was used to determine the de-
gree of activation of the classical pathway as described previ-
ously (19). Activation of C4, indicating classical and/or lectin
pathway activation, was detected by C4bc as described previ-
ously (20). Alternative pathway activation was measured by
C3bBbP formation (21), and activation of C3, common for all
initial pathways, was detected by C3bc formation (22). TCC
(terminal SC5b-9 complement complex) was quantified prin-
cipally as described previously (23).

Porcine TCC was quantified in EIA using the mAb aE11,
which cross-reacts with pig (24), as capture antibody diluted in
PBS and incubated in microtiter plates (COSTAR EIA plate 3590;

Corning Inc., Corning, NY, U.S.A.) overnight (50 �L/well). As
standard, Zymosan-activated human serum was made by incuba-
tion of 10 mg of Zymosan (Sigma) per milliliter of a serum pool
(n � 10) for 1 h at 37°C. The standard was defined to contain
1000 arbitrary units (AU)/mL and applied as a standard curve
diluted 2-fold in six steps with 2.5 AU/mL as the highest standard.
The porcine plasma samples were diluted 1:4. Both standard and
samples were diluted in PBS containing 0.2% azide, 0.2% Tween
20, and 20 mM of ethylenediaminetetraacetic acid and incubated
for 60 min at 4°C (50 �L/well). Detection antibody was mAb
anti-human C6 cross-reacting with pig (Quidel, San Diego, CA,
U.S.A.), which was biotinylated, diluted in PBS containing 0.2%
Tween 20, and incubated for 60 min at 37°C (50 �L/well).
Streptavidin-horseradish peroxidase (RPN1231V; Amersham
Biosciences Europe GmbH, Freiburg, Germany), diluted 1:400,
was then added and incubated for 60 min at 37°C (50 �L/well).
Finally, substrate solution was added (100 �L/well): 0.003%
H2O2 in 0.33 mM of ABTS (Roche Diagnostics GmbH, Mann-
heim, Germany) in 0.1 M of Na-acetate buffer (pH 4.0), incubated
at room temperature for 15 min before stop solution (2 N of
H2SO4) was added (100 �L/well). Between each incubation, the
plates were washed three times with PBS containing 0.1% Tween
20. Optical density was read at 405 nm using 490 nm as reference
(MRX microplate reader; Dynex Technologies, Denkendorf,
Germany).

Lipoloysaccharide and Colony-Forming Units

Lipopolysaccharide (LPS) was quantified using the Limulus
Amebocyte Lysate Assay (LAL QCL-1000, 50-648U; Bio-
Whittaker/Cambrex Bio Science, Walkersville, MD, U.S.A.).
Bacteria were detected as colony-forming units (CFU) in the
routine laboratory for Medical Microbiology, Rikshospitalet
University Hospital.

Meconium

Meconium was prepared according to a previously described
method (25). Briefly, samples of meconium from 55 healthy
newborns was collected from diapers with a wooden-spatula
and stored in 50 mL of polypropylene centrifuge tubes (Corn-
ing Inc., Acton, MA, U.S.A.) at �20°C. The samples were
thawed, pooled, and processed by a hand blender (Bosch MSM
4001/01, Nazarje, Slovenia) in physiologic saline until the
mixture was homogeneous. The batch was then freeze-dried
and irradiated to secure sterility (�-rays, 32 kGy; Institute for
Energy Technology, Kjeller, Norway). For the piglet experi-
ments, the preparation was reconstituted with saline to a weight
concentration of 135 mg/mL and frozen in aliquots at �20°C
until the day of the experiment. For the in vitro experiments,
the preparation was further diluted with sterile PBS to a
concentration of 100 mg/mL.

Fractionation of Meconium. Meconium can be separated
into a water and a lipid fraction. Bile acids are found in the
water fraction, and free fatty acids (FFA) are found in the lipid
fraction. Meconium was fractionated as described previously
(26). There are unequal amounts of these two fractions in
whole meconium. In our preparation, the weight of lipid
fraction was 14% of the original weight of the whole meco-
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nium, and that of water fraction was 63%. To compare the relative
contribution of each fraction, we used equivalent concentrations
of meconium and its fractions, suggesting that a concentration of
14 mg/mL of lipid fraction and 63 mg/mL of water fraction were
equivalent to 100 mg/mL of whole meconium.

In vitro Experimental Model

Adult or cord serum was incubated with meconium or
equivalent amounts of fractions thereof for 1 h at 37°C.
Inhibition experiments were performed with preincubation of
the inhibitors and controls with serum for 5 min at 37°C. Then
meconium was added and incubated for 1 h as described above.
In experiments in which meconium was mixed with HSA
before incubation in serum, preincubation was made with
different concentrations of HSA during different time periods
before serum incubation. Complement activation was always
stopped at the end of the incubation period by adding ethyl-
enediaminetetraacetic acid to a final concentration of 20 mM.

In vivo Piglet Model of MAS

To examine whether meconium activated complement in
vivo, we performed a pilot study according to a previously
described model (25). Briefly, the piglets were anesthestized,
tracheotomized, and connected to a respirator. Surgery to gain
vascular access for infusions, blood samples, and invasive
monitoring was then performed. Lung function parameters
were registered by the respirator. Fractional inspired oxygen
concentration (FIO2) and end-tidal CO2 were continuously
monitored separately. After surgery, the piglets were first
stabilized and then subjected to a hypoxemia period in a gas
mixture of 8% O2 in N2 until base excess reached �20 mM.
Two test piglets received meconium (4 mL/kg of a preparation
containing 135 mg/mL) via the endotracheal tube, and bron-
choalveolar lavage was performed after 5 min. One control
piglet received the same volume of physiologic saline. The
piglets were reoxygenated immediately after tracheal instilla-
tions and observed for 5 h after reoxygenation. Blood samples
were drawn immediately after surgery and then at the follow-
ing time points after reoxygenation: 10 min, 30 min, 1 h, and
hourly thereafter until the end of the experiment. Oxygenation
index (OI; mean airway pressure � FIO2 � 100/PAO2) was
calculated to assess the severity of lung injury.

Experiments using animals were done with the permission of
the national authorities (accreditation number of the laboratory
is 27, and accreditation number of the study is 7/2002).

RESULTS

Bacterial culture and LPS. The meconium batch used was
sterile because no bacterial growth could be detected. The LPS
content was 3 ng/mg of meconium.

Meconium-induced complement activation in cord serum.
Meconium induced a dose-dependent complement activation
in cord serum as detected by increase in TCC from baseline 6
(5–8) AU/mL to 91 (73–117) AU/mL at 10 mg/mL (median
and range of three experiments), whereas HSA had no effect
(Fig. 1).

Comparison of cord and adult serum. Because complement
components are generally lower in cord serum than in adult
serum, we compared complement activation in these two using
zymosan, a yeast cell preparation, which is a potent activator of
the alternative complement pathway. Zymosan-induced com-
plement activation in adult serum was almost four times stron-
ger than that in cord serum (Fig. 2, left). Maximum TCC
formation by zymosan incubated in adult serum is defined as
1000 AU/mL and is used as standard in the TCC assay. Thus,
these incubation experiments revealed full activation of serum
by zymosan. The lower degree of activation in cord serum is
consistent with the lower concentration of complement com-
ponents in this serum. Meconium induced a degree of comple-
ment activation in cord serum (TCC � 91 AU/mL) that was
more than half of that induced in adult serum (TCC � 141
AU/mL), indicating the potent complement activation property
of meconium (Fig. 2, right). Increasing the concentrations of
meconium to 20 and 40 mg/mL did not lead to further increase
in complement activation in either cord or adult serum.

Figure 1. Meconium-induced complement activation in cord serum. Incuba-
tion of meconium (E) in cord serum for 60 min at 37°C activated complement
substantially, as detected by a dose-dependent increase in the soluble TCC. In
contrast, HSA (F) had no effect on complement activation. Median and range
of three separate experiments are shown. �, baseline (spontaneous serum
activation at 60 min).
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Meconium fractions–induced complement activation in
cord serum. The lipid and the water fractions induced equal
complement activation, as judged by TCC formation, and
reconstitution of the fractions restored the complement activa-
tion potential of whole meconium (Fig. 3). Activation of C3 as
detected by C3bc showed virtually identical results.

Preincubation of meconium with HSA. We have previously
suggested that albumin has a beneficial effect by neutralizing
FFA in meconium (26). The effect of HSA on meconium-
induced complement activation therefore was investigated.
Preincubation of meconium with increasing doses of HSA for
5, 15, and 30 min before incubation in cord serum for 1 h had
no inhibitory effect on complement activation (Fig. 4).

Effect of C1 inhibitor and dextran sulfate on meconium-
induced complement activation. Preincubation of C1 inhibitor
in increasing doses up to four times the physiologic concen-
tration (4 U/mL) only modestly reduced meconium-induced
complement activation (Fig. 5). Low molecular weight dextran
sulfate completely abolished meconium-induced complement
activation at 1.25 mg/mL, either combined with exogenously
added C1 inhibitor or alone (Fig. 5).

Meconium and its fractions activate the alternative com-
plement pathway. Activation products from the three initial
activation pathways of complement were measured after incu-
bation of whole meconium in cord serum. C1rs-C1-inhibitor
complexes as indicator of the classical pathway activation did
not increase; C4bc as indicator of the classical and/or lectin

pathway activation hardly changed; whereas a substantial in-
crease in C3bBbP, the alternative pathway convertase, was
observed (Fig. 6). Identical results were obtained for the lipid
and water fractions of meconium (data not shown).

Inhibition of the alternative pathway abolishes meconium-
induced complement activation. Meconium-induced comple-
ment activation was completely abolished using the mAb
anti-D (12.5 �g/mL), blocking the alternative pathway,
whereas no effect was seen using a blocking mAb anti-C2,
which inhibits the classical and lectin pathways, or a blocking
mAb anti-MBL, which inhibits the lectin pathway (Fig. 7).

Meconium-induced complement activation in vivo. An es-
tablished piglet model of MAS was used for a pilot in vivo
study. Two piglets (P1 and P2) received meconium instillation
in the lungs and therapeutic lavage, and one control received
saline (P3). OI and TCC increased in both test piglets but not
in the control (Fig. 8). Test piglet P1 had a rapid increase in
both OI and TCC and died after 3 h, whereas test piglet P2 had
a similar but later onset of increased OI and less pronounced
TCC increase and died immediately before the end of the
experiment (5 h). The control piglet survived in a good clinical
condition with increase in neither OI nor TCC formation.

DISCUSSION

In this study, we show for the first time that meconium
activates complement. The in vitro data indicate that meco-

Figure 2. Comparison of complement activation in cord and adult serum. The maximum level of TCC formed by zymosan (left) in cord serum (‚) was
approximately 25% of that achieved in adult serum (Œ), consistent with the lower amount of complement components in the former. Similarly, meconium (right)
activated complement to a greater extent in adult serum (F) than in cord serum (E), although to a substantial degree also in the latter. One representative of three
experiments is shown.
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nium is a potent activator of the alternative complement path-
way, and the in vivo data lend support to a systemic comple-
ment activation taking place during experimental MAS.

Meconium is composed of water up to 80%. Other compo-
nents include gastrointestinal secretions, bile, bile acids, mu-
cus, pancreatic juice, cellular debris, swallowed amniotic fluid,
lanugo, vernix caseosa, and blood (1). It has been suggested
that the lipid fraction, containing, e.g. FFA, and the water
fraction, containing, e.g. bile acids, may have different adverse
effects on tissue homeostasis. Albumin mixed with meconium
attenuated pulmonary dysfunction in a piglet model of MAS
(26) probably as a result of neutralization of FFA and/or other

constituents in meconium. In fact, we found that the lipid and
water fractions activated complement to the same extent, indi-
cating that there are several complement-activating compo-
nents in meconium. To approach the pathophysiologic and
clinical condition of MAS, we compared the relative comple-
ment activation potential of the two fractions in concentrations
equivalent to their presence in whole meconium. Thus, per
weight, the lipid fraction was substantially more potent in
activating complement than the water fraction. Mixing meco-
nium with albumin did not reduce the complement activation,
suggesting that a possible beneficial effect of albumin is not
mediated via complement inhibition.

Activation of the immune system during inflammation is
complex with release of numerous cytokines (27) and chemo-
kines (28). Furthermore, various lipid mediators are formed
when phospholipase A2 metabolizes the membrane phospho-
lipids of inflammatory cells to produce platelet-activating fac-
tor and arachidonic acid, which is further metabolized to a
number of prostaglandins and leukotrienes with potent proin-
flammatory effects (29). Although the pathophysiology of the
inflammatory reaction in MAS is poorly understood, there is
some evidence that cytokines (30) and in particular lipid

Figure 3. Effect of meconium fractions on complement activation. Whole
meconium (E) was fractionated into the lipid fraction (F) and the water
fraction (‚), and the effects of the fractions on TCC formation was examined
by incubation in serum for 60 min at 37°C. The concentration of whole
meconium is indicated on the x axis, and the fractions were added in equivalent
concentrations compared with whole meconium. Reconstituted meconium (Œ)
was obtained by mixing the lipid and water fractions in the same ratio as in the
original meconium. The lipid and the water fractions contributed equally to the
TCC formation, and reconstitution restored the activity of whole meconium.
One representative of three experiments is shown. �, baseline (spontaneous
serum activation at 60 min).

Figure 4. Effect of preincubation of meconium with albumin. Increasing
concentrations of HSA (E) added to meconium 15 min before incubation in
serum for 60 min at 37°C did not inhibit formation of TCC. Median and range
of three separate experiments are shown. �, baseline (spontaneous serum
activation at 60 min).
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metabolites (31) are produced in experimental MAS and may
be associated with the tissue damage.

Complement is part of the host defense system and a key
mediator and initiator of inflammation and inflammatory tissue
damage. Uncontrolled and systemic activation of complement
might have deleterious effects on the host (32, 33). To protect
against invading organisms, complement is activated by mi-
crobes and microbial components. Complement is in fact
activated by any foreign surface considered as “nonself” by the
system (34). Principally, the only fully complement compatible

surface is the autologous endothelial cell lining. Thus, it is not
surprising that complement is activated by meconium, which
contains innumerable substances from the gastrointestinal
tract, including cellular debris, FFA, bile acids, and lanugo.
The meconium that we used did not contain live bacteria.
Furthermore, the LPS content was in the low nanomolar range,
which is several logs below the amount required to induce
complement activation, although sufficient to cause some cy-
tokine production. The lack of live bacteria and the LPS
concentration below the complement-activating range, how-
ever, does not fully exclude other bacterial components as
possible complement-activating candidates.

The participation of complement in lung injury has been
demonstrated in an experimental model of systemic comple-
ment activation (35). Furthermore, complement and neutro-
phils mediate the lung injury of acid aspiration in rodents, and
complement inhibition reduces both local and systemic organ
injury associated with this condition (36–39). Acid aspiration

Figure 5. Effect of C1 inhibitor and dextran sulfate on meconium-induced
complement activation. Only a modest decrease in TCC formation was ob-
served for C1 inhibitor (E) when added in amounts up to four times the
physiologic concentration (4 U/mL). Low molecular weight dextran sulfate
(DEX; F) abolished TCC formation dose-dependently, and dextran sulfate in
fixed concentration (1.25 mg/mL) potentiated the effect of C1 inhibitor mark-
edly (‚). HSA (Œ) was used as a control. One representative of three
experiments is shown. �, baseline (spontaneous serum activation at 60 min).

Figure 6. Initial complement pathway activation by meconium. Meconium
incubated in cord serum for 60 min at 37°C induced a marked increase in the
alternative pathway C3bBbP convertase (‚). In contrast, no and virtually no
increases were seen for the classical pathway C1rs-C1-inhibitor complexes (E)
and classical and lectin pathway C4bc (F), respectively. Median and range of
three separate experiments are shown, and times increase from baseline is
indicated.
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is a potentially serious complication in trauma and surgical
patients and is the leading cause of acute respiratory distress
syndrome after elective surgery. There are similarities between
the pneumonitis associated with acid aspiration and that of
MAS, because MAS is also associated with a profound inflam-
matory response, with alveolar and parenchymal inflammation
and edema, protein leakage into airways, mediator release, and
surfactant dysfunction, which occurs within hours of exposure
to meconium (2). The possibility of an acid-induced activation
of complement by meconium thus should be considered. We
therefore measured pH in the meconium batch used and found
it to be 7.0. Thus, it is unlikely that an acidic component per se
could explain the complement activation.

Anti-factor D mAb, a specific inhibitor of the alternative
pathway, completely abolished the meconium-induced com-

plement activation. This suggests an alternative pathway mech-
anism of activation, although it should be emphasized that the
alternative pathway may be activated as an amplification by
both classical and lectin pathway activation. However, two
lines of evidence indicate that the last two pathways are not
activated by meconium. First, activation products from the
classical and lectin pathway (C1rs-C1-inhibitor complexes and
C4bc) were not increased, in contrast to the alternative path-
way convertase C3bBbP. Second, blocking of C2, a common
component of the classical and lectin pathways, as well as
blocking of MBL did not inhibit meconium-induced comple-
ment activation. C1 inhibitor is a well-known inhibitor of the
classical (C1rs) and the lectin pathways of complement (40), as
well as of other cascade systems (41). We observed a minor but
reproducible inhibitory effect of high concentrations of C1
inhibitor on meconium-induced complement activation. This
may be explained by the recently described inhibitory effect of
C1 inhibitor on the alternative complement pathway (42).

Glycosaminoglycans (e.g. heparin, heparan sulfate, derma-
tan sulfate, chondroitin sulfates, dextran sulfate), possessing
highly sulfated structural domains, might regulate the comple-
ment system at different steps (43), including potentiation of
the effect of C1 inhibitor (44) and interaction with factor H of
alternative pathway activation (45), although the latter effect
has been questioned (46). Synthetic low molecular weight
dextran sulfate has been demonstrated to inhibit complement-
mediated hyperacute xenotransplant rejection (45), which is
largely classical pathway mediated, and the effect of C1 inhib-
itor in vivo was demonstrated to be transient (47). In our study,
we found that meconium-induced complement activation was
efficiently reduced by dextran sulfate, whereas exogenous C1
inhibitor together with dextran sulfate had virtually no addi-
tional effect. These data indicate that if the effect of dextran

Figure 7. Inhibition of meconium-induced complement activation by anti-
complement mAbs. Meconium was incubated in cord serum for 60 min at 37°C
in the presence of inhibitory mAbs, all IgG1 subclass, to C2 (classical/lectin
pathway; (‚), MBL (lectin pathway; (Œ), factor D (alternative pathway; (E),
or the isotype control antibody G3-519 (F). Anti-factor D completely pre-
vented TCC formation, whereas the other antibodies had no effect. One
representative of three experiments is shown.

Figure 8. In vivo activation of complement in a porcine model of MAS. An
established piglet model of MAS was used for a pilot in vivo study. Two piglets
(P1 and P2) received meconium, and one control (P3) received saline. OI (left)
and TCC (right) increased in both test piglets but not in the control. Test piglet
P1 had a rapid increase in both OI and TCC and died after 3 h, whereas test
piglet P2 died immediately before the end of the experiment (5 h) and had a
later and less pronounced increase in TCC. Indications on x axes (time): A,
after surgery; B, induction of hypoxia and reoxygenation; C, 10 min after
reoxygenation; D, 30 min after reoxygenation; E, 1 h after reoxygenation; F,
5 h after reoxygenation.
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sulfate in our system is mediated via C1 inhibitor, then the
endogenously present C1 inhibitor is sufficient and exogenous
supply of C1 inhibitor may not be indicated.

The importance of inflammation in meconium-induced lung
injury is well established (48). Systemic corticosteroid therapy
has been used as a nonspecific global anti-inflammatory treat-
ment regimen in MAS (2), emphasizing the idea that MAS is
a systemic disease and could be considered as a SIRS (49).
Studies on the systemic inflammatory reaction in MAS are
largely missing. Our in vivo data showing substantial systemic
complement activation are in support of a MAS-associated
SIRS.

The therapeutic approaches in MAS have mainly been
symptomatic and focused on local treatment of the lung injury
(1–3). In serious cases, there is a need for ventilatory support,
and in the case of critically ill newborns, institution of extra-
corporal membrane oxygenation is mandatory. Targeting spe-
cific complement components might be a reasonable therapeu-
tic option in complement-mediated inflammatory diseases (32).
Although the role of complement in the pathogenesis of MAS
remains to be established, our data indicate that specific com-
plement inhibition therapy might be a possible future treatment
approach in MAS. With respect to the agents that we tested in
the present study, it should be noted that C1 inhibitor had
minimal effect used alone and that serious side effects such as
thromboembolic complications of high-dose C1 inhibitor re-
cently have been described (50). Dextran sulfate efficiently
reduced complement activation but may through other mech-
anisms induce adverse side effects such as disturbances in
coagulation by C1 inhibitor–mediated inactivation of factor
XIa (44), as well as disturbed primary and secondary hemo-
stasis (51) and thrombocytopenia (47). We therefore suggest
that specific inhibition of complement activation, e.g. by block-
ing the alternative pathway by mAb anti-factor D, may be an
appropriate therapeutic approach of meconium-induced com-
plement activation in severe MAS.

CONCLUSION

In summary, the present study shows for the first time that
meconium is a potent activator of the complement system both
in vitro and in vivo, suggesting that complement may be
important in the pathogenesis of MAS.
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