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Short communication

The severity of clinical symptoms in
ragweed-allergic patients is related to the
extent of ragweed-induced complement
activation in their sera

Gonczi Zs, Varga L, Hidvegi T, Schmidt B, Patiya A, Kokai M, Fust G, The
severity of clinical symptoms in ragweed-allergic patients is related to the
extent of ragweed-induced complement activation in their sera.
Allergy 1997; 52; 1110-1114, © Munksgaard 1997,

We have previously reported a correlation between the extent of ragweed
allergen (RWA)-induced in vitro serum complement activation and the
symptom scores registered daily during the ragweed (RW)-blooming season
in RW-allergic patients. The present study was performed in 22 15-17-year-
old RW-allergic adolescents. Serum samples were incubated with 100 |J.g/ml
RWA, and the generation of different complement activation products was
measured by ELISA or RIA, Symptom scores were registered for 4 weeks
during the RW-blooming season. The patients were divided according to the
extent (low or high) of the generation of complement activation products,
and symptot-n scores registered in the two groups were compared by two-
way ANOVA, Significantly higher symptom scores were obtained in the high
than in the low complct-ncnt activation group {P values; 0,049 for
ClrClsClinh, 0,(G2 for C3bBbP, 0,015 for C5b-9, 0,0001 for C3a, and 0,0008
for C5a), Similar results were obtained at the measurement performed in
the sera obtained from the same patients half a year before the season {P
values; 0,022 for C3bBbP, and 0,005 for C5b-9), These findings indicate that
complement activation induced by the allergen may enhance the clinical
symptoms of RW allergy.
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In a previous prospective study of 26 ragweed
(RW)-allergic patients (1), we found a significant
positive correlation between ragweed allergen
(RWA)-induced alternative complement pathway
activation and the severity of the symptoms of
allergic rhinoconjunctivitis that developed in a
4-week period after blood sampling during the RW-
blooming season. On the basis of this observation,
the role of complement activation in the develop-
ment of symptoms of RW allergy was assumed. In
the present study, we reinvestigated in another
group of RW-allergic patients a possible correlation
betweeti the extent of RWA-induced complement
activation measured in the sera of RW-allergic
patients (taken at the beginning of the RW-bloom-
ing season) and the frequency and severity of
chnical symptoms that developed in the same
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patients during a 4-week period of the season. In
order to extend the study, the relationship between
the reactivity of the cotnpletnent to RWA and the
symptotiis in the season was also compared in the
sera obtained from the satne patients outside the
blooming season. In addition, the relationship
between the extent of RWA-induced completiient
activation and the level of RW-specilic IgE in the
sera of the RW-allergic subjects was also investi-
gated.

Material and methods
Patients

At the outpatient department for respiratory aller-
gic diseases of the 18th district of Budapest,



Complement activation in ragweed allergy

Hungary, random allergy screening with a skin
prick test with four statidard allergens (tiiite, tiiixed
grass, common RW, and mugwort) was performed
on 932 14-18-year-old high-school students. The
tests were dotie outside the pollen seasotis. Of the
adolescents tested, 168/932 (18%) were found to
be allergic to RW by prick test. Of them, 60 (36%)
were allergic to RW otily.

The present study was perfortned in 22 of the
168 RW-allergic (10 RW-monoallergic) adolescents
(seven boys, 15 girls) who visited the outpatient
department during the RW-blootning seasoti. Tliey
gave informed cotisent to the itivestigation.

Allergen extract

RW extract purchased from ALK (Copenhagen,
Denmark) was used. The extract contaitied only
nondialyzable material with a molecular weight
over 10 kDa.

Serum samples tested

Serutn sarnples of the patients were separated
within 5 h after blood sampling and stored at -70°C
until used. Serutn samples taken frotn 19 patients
half a year before the blooming season atid stored
at -70°C were also available.

Measurement of complement activation

Serurn satnples (100 |il) were quickly thawed and
incubated at 37°C for 60 min with 10 |al of RWA
(final concentration: 100 M-g/tnl) or with 10 |il of VBS
(control). The formation of five different cotnple-
tnetit activation fragtnents was measured as follows.
Formation of the classical pathway (ClinhClrCls)
cotTtplexes was measured by the tnethod of Nielsson
& Back (2). Generation of the alternative C3-
convertase (C3bBbP) complexes was measured by
the method of Zilow et al. (3). Formation of tenninal
cotnplement activation complexes (SC5b-9 cotn-
plexes) was measured by the tnethod of Deppish et
al. (4). Getieration of C3a atid C5a was detertiiined
by comtnercially available liutnan cotnplement C3a-
des-arg and C5a-des-arg RIA kits (Atnersham, UK),
according to the itistructions of the tiianufacturer.
Levels of C3bBbP, ClrClsClitih, atid SC5b-9 pro-
tein cotnplexes, as well as C3a and C5a generated in
the serutn satnples iticubated with RWA, were given
iti percentage of the buffer control.

Measurement of RW-specific IgE

RW-specific IgE atitibodies were tneasured by
RAST (Phartnacia, Uppsala, Sweden), the level of
atitibodies beitig expressed in PRU utiits.

Evaluation of the symptoms of the patients

Each patient kept a diary for 4 weeks during the
RW-blooming season. The followitig subjective
scores were applied: 0=no sytnptotns, l=mild
symptoms, 2=symptom of tnediutn severity,
3=severe symptoms, disturbitig daily life. Tlie fol-
lowitig sytnptoms were scored by the patients:

1) symptoms of rhinitis: tiose obstruction, nose-
running, tiose-itching, sneezing attacks, impaired
sense of smell

2) symptoms of conjunctivitis: tear-shedding, flush
of conjunctiva, aching eyes, swollen eyes

3) symptoms of pharyngitis: throat-itching, hoarse-
ness, coughing

4) symptoms of laryngitis and asthma: dyspnea,
suffocation, thoracic wheezing, viscous spututn

5) ear symptoms: ear-itcliitig, itnpaired hearing.

Scores of symptom groups 1-5 were separately
sutntned up in the case of each patient, and these
values were used at the final evaluation.

Statistical evaluation of the results: study of a possi-
ble association between the extent of the formation
of complement activation products and the
symptom scores

The satne evaluation strategy was applied to each
complement activatioti product and the IgE atiti-
bodies.

1) Tlie tiiedian value of the extent of getieration of
the paratiieter was detertnined.

2) Tlie patients were divided itito two groups
according to the tnedian value or a value close
to tnedian: those with a low (below this value)
or high (above this value) extent of formation
of the completnent activation product or level
of specific IgE.

3) The sum of sytnptotii groups 1-5 iti the two
groups was jointly cotnpared by two-way analysis
of variance (ANOVA) (GraphPad PRISM,
Version 2.0). In some cases, Spearman correlation
coefficietits were also calculated.

Results
Development of RW-allergy symptoms during the
RW-blooming season in patients with high and low
extent of generation of different complement activa-
tion products in serum samples taken at the begin-
ning of the same season

In the last week of August 1995, serutn samples
were taken frotn 22 adolescetit patients with
proven RW allergy according to skin test and the
IgE Ouick test. The sera of the patients were
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Fig. 1. Sums (mean + SEM) of different symptoms of RW allergy that developed in 4-week period of RW-blooming season ( t-29
September 1995) in patients with high (> median of whole group, open columns) or low (<tnedian of whole group, closed columns)
extent of RWA-induced generation of C3bBbP (A), C5b-9 (B), C3a (C), and C5a (D) complement activation products.

divided into aliquots and stored at -70°C. Sam-
ples thawed immediately before the tueasure-
ment were incubated with 100 fxg/ml of RWA, and
the generation of different complement activa-
tion products was measured. The results were
evaluated as described in Material and rnethods
(Fig. 1).

Significantly more symptoms developed in
patients with a high generation of C3bBbP or
C5b-9 (protein-protein cotnplexes formed at the
activation of the alternative pathway [Fig. lA]
and common terminal pathway [Fig. IB], respee-
tively) than in patients with low generation of the
same complement activation products. Sirnilar,
albeit less significant (F = 3.98, f=0.049), differ-
ences were registered in the ease of ClrClsClinh
generatioti (protein-protein complexes formed
at the activation of the classical pathway). The
differences became even more significatit when
the generation of the low-molecular-weight com-
plement activation products, C3a (Fig. IC) and
C5a (Fig. ID) were tneasured. Similar but less
signifieant associations between the complement
activation and the symptom severity were
obtained when the Spearman correlation coeffi-
cients between the sums of scores and the gener-
ation of complement activation products were
calculated. For example, for C5b-9 and C3a
generation, correlation coefficients of 0.518
(^=0.033) and 0.465 (f=0.039), respeetively,
were obtained.

Development of RW-allergy symptoms during the
RW-blooming season in patients with high and low
generation of complement activation products in
serum samples taken half a year before the begin-
ning of the same season

From 19 of the 22 patients, serum samples taken
half a year (February-Mareh 1995) before the RW-
blooming season and stored at -70°C were also
available. Tliese serurn samples were incubated
again with 100 |J.g/tril of RWA, atid the formation
of two high-tnolecular-weight cornplement activa-
tion products was determined. As in the results
obtained in sera taken at the beginning of the RW-
blooming season, signifieantly rnore symptoms
developed in patients with a high extent of RWA-
indueed C3bBbP (F=5.59, 7^=0.022) or C5b-9
(F=8.30, f=0.005) generation than patients with a
low extent of C3bBbP or C5b-9 generation in their
sera (data not shown).

Development of RW-allergy symptoms during the
RW-blooming season in patients with high and low
specific IgE levels in serum samples taken at the
beginning of the same season

In contrast to the results for complement activa-
tion, no signifieant differences in the develop-
ment of differetit symptoms were observed
between patients with high (above the trtedian of
the whole group) and low (equal to or less than
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Fig. 2. Sums (mean±SEM) of different symptoms of RW allergy
that developed in 4-week period of RW-blooming season ( I -
29 September 1995) in patients with high (> median of whole
group, open columns) or low (< median of whole group, closed
columns) RW-specific IgE level in sera taken at beginning of
same season.

the tnedian of the whole group) levels of RW-
specific IgE antibodies as tneasured by RAST
(Fig. 2).

Discussion
Our findings indicate a positive correlation be-
tween the extent of RWA-itiduced cotnpletiient
activation measured in the sera obtained from RW-
allergic patietits at the beginning of the RW-bloom-
ing season and the frequency and/or severity of the
allergic symptoms developed in the satne patients
during that season. Considering the relatively low
number of patients tested and the low frequency
of sotne sytiiptotns (pharyngitis, asthma, and ear
sytnptoms), for the evaluation of the results, we
used a statistical tnethod (two-way ANOVA) suit-
able for joitit evaluation of all symptoms together.
By this method, significantly higher symptom
scores were tneasured in patients with a high RWA-
induced getieration of all the five complement
activation products tested than iti patients where
the satne complement activation products were
generated in a low quantity. Tliese findings com-
pletely agree with our ptevious observatiotis (1)
obtained with 26 adult RW-allergic patients. In
these subjects, we also found a significant positive
correlatioti between the extetit of RWA-induced
C3bBbP formation and the sytiiptotns of rhinitis,
conjunctivitis, and laryngitis. Recently, we have
found identical results in a third series of 23
RW-allergic patients (two-way ANOVA for
C3bBbP generation, P=0.0003; for C5b-9,
P<0.0001) (Varga et al., unpublished results).

Since, for two paratneters, the satne correlation
could be observed in sera of the same patients
obtained half a year before the RW-blooming

ACTIVATION,
DEGRANULATION

Fig. 3. Possible ways of amplification of IgE-mediated patho-
logic processes by complement activation (hypothesis). See text
for details.

seasoti, it seetns that the low or high reactivity of
cotnplement to RWA is a long-lasting trait of
allergic patietits. In contrast, although IgE antibod-
ies were found iti the sera of all patients, no
correlation between the level of these antibodies
and the clinical sytnptotns or the extent of
the RWA-induced cotnplemetit activation was
observed.

Other data frotn the literature also support the
role of conipletnetit in the developtnent of allergic
symptotns. Allergens were found to be very effec-
tive complement activators (5, 6). Activation of the
cotnpletnent system was foutid to occur upon aller-
geti exposure in vivo as well. Pryjtna et al. (7)
observed sigtis of completnent activation after a
house-dust-allergen brotichial provocation test.
Similar results were obtained by us (8) with the
blood of textile workers after textile dust inhalation.
Ballow et al. (9) detected C3a anaphylatoxin in the
tears of patients with allergic cotijunctivitis.
Recently, Atidersson et al. (10) reported generation
of two cotnpleinent activatioti products (C3a-
des-arg and C5a-des-arg) after nasal allergen chal-
lenge concotiiitantly with the development of nasal
sytnptoms in patients with seasonal allergic rhitiitis.
In a guinea pig tiiodel, Fraser et al. (11), using
trimellitic anhydride (TMA) (a low-tnolecular-
weight industrial cotnpoutid that can cause asthma-
like sytnptotns in man), directly established the role
of cotnpletnent in the allergic response of the lutig.
Depletion of complement by cobra venom factor in
anitnals before exposure to TMA prevented inflatn-
niatory cell infiltration in TMA-induced asthtna.

The very potent inflatnmatory mediators formed
frotn the cotnpletnent proteins can aniphfy several
processes triggered by the interaction of allergen
with IgE antibodies attached to the IgE receptors
of differetit cells. In addition, cotnpletnent activa-
tion products were foutid to exert their effect in
concert with some lytnphokines. For example, pres-
entation of hutnan basophilic granulocytes with
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IL-3 signifieantly increased the sensitivity of the
cells to C3a (12). Furthermore, TNF-a was found
to prime neutrophils readily to the response to C5a
(13). Aeeording to Carlson et al. (14), IL-5 selee-
tively primes hutnan eositiophils and neutrophils
for C3b-indueed degranulation.

Considering these observations together, we
think it probable that complement activation
indueed by the allergen in vitro, and probably in
vivo (systemieally or on the mueosal surface) as
well, contributes to the development of allergie
rhinoconjunetivitis and respiratory symptoms. This
eonelusion is summarized in Fig. 3 as a working
hypothesis. Aeeording to this hypothesis, the aller-
gen can activate the complement system both in
RW-allergic and nonallergic subjeets; that is, in both
the absence and presence of IgE antibodies in the
serum and/or on the IgE receptors of basophils,
mast cells, and other eell types. The intensity of this
aetivation, the individual reactivity of eotnplement
to RWA, is regulated by some still unidentified
factors, and IgM antibodies may also be involved
(15). Due to this individual reaetivity, RWA ean
generate low or high levels of eornplement aetiva-
tion produets in different subjeets. In persons not
allergie to RW, complement aetivation alone does
not result in inflammatory symptoms. In contrast,
on pollen-exposed mueosa of RW-allergic subjeets,
eomplement aetivation produets may enhance the
basic, IgE-dependent early and/or late pathologic
meehanisms; e.g., degranulation of tnast eells or
chemotaxis and aetivation of eosinophil leukocytes.
Aeeording to this hypothesis, the severity of the
symptorns is related to the extent of eomplement
aetivation. In RW-allergic subjeets with high indi-
vidual reaetivity of eomplement to RWA, the symp-
toms will be more frequent and/or severe than in
allergic subjeets with low eomplement reaetivity.
Experiments to study the meehanisrn of the com-
pletnent-dependent enhaneement of the RWA-
induced type I hypersensitivity reaction are iti
progress in our laboratory. Findings obtained by us
recently (Dervaderies et al., submitted for publica-
tion) on a signifieant positive correlation between
the reaetivity of complement to RWA and the titer
of a dilution skin test performed with RWA seem
to support this hypothesis.

Complement is often even more aetivated by
other pollen allergens than by RWA. Therefore, it
is most important to determine whether the same
eorrelation between the extent of eomplement
activation and elinieal symptoms can be demon-
strated for other allergens as well. These studies
are underway in our laboratories.
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