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Abstract
Individuals with celiac disease (CD) are at increased risk of invasive pneumococcal disease (IPD). The aim of this study was to
explore whether the complement response to Streptococcus pneumoniae differed according to CD status, and could serve as an
explanation for the excess risk of IPD in CD. Twenty-two children with CD and 18 controls, born 1999–2008, were included at
Kalmar County Hospital, Sweden. The degree of complement activation was evaluated by comparing levels of activation
products C3a and sC5b-9 in plasma incubated for 30 min with Streptococcus pneumoniae and in non-incubated plasma.
Complement analyses were performed with enzyme-linked immunosorbent assay (ELISA). Pneumococcal stimulation caused
a statistically significant increase in C3a as well as sC5b-9 in both children with CD and controls but there was no difference in
response between the groups. After incubation, C3a increased on average 4.6 times and sC5b-9 22 times in both the CD and the
control group (p = 0.497 and p = 0.724 respectively).

Conclusion: Complement response to Streptococcus pneumoniae seems to be similar in children with and without CD and is
thus unlikely to contribute to the increased susceptibility to invasive pneumococcal disease in CD.

What is Known:
• An excess risk of pneumococcal infections has been demonstrated in individuals with celiac disease.
• Infectious complications can depend on hyposplenism but alternative mechanisms are sparsely examined.

What is New:
•Complement activation in response to Streptococcus pneumoniae was examined in children with and without celiac disease but no differences could be

demonstrated.
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Abbreviations
CD Celiac disease
ELISA Enzyme-linked immunosorbent assay
GFD Gluten-free diet
HR Hazard ratio
IPD Invasive pneumococcal disease
MAC Membrane attack complex
MBL Mannan-binding lectin
tTG Antibodies against tissue transglutaminase

Introduction

Celiac disease (CD) is a chronic enteropathy affecting about
1% of the population worldwide [15]. The last decade, severe
infections as complications of CD have received increased
attention [14, 29]. In particular, pneumococcal infections have
attracted interest and several studies, including our own [25],
have shown an increased risk of invasive pneumococcal dis-
ease (IPD) in CD (HRs = 1.4–2.5) [13, 25, 28]. Since IPD is a
potentially life-threatening condition, these findings have re-
sulted in changed guidelines for CD management [2]. In the
UK, pneumococcal immunization is now recommended to
individuals with CD [16]. CD is an autoimmune disease and
is considered to be one of the most common disorders associ-
ated with splenic hypofunction and atrophy [8], even though
the most recent estimates are slightly lower than the first re-
ports [6]. The spleen is crucial for the defense against encap-
sulated bacteria and the elevated risk of IPD in CD has been
attributed to this possible hyposplenism [7]. However, an im-
paired splenic function is rarely seen in children [3] and more-
over, it is believed to improve after introduction of a gluten-
free diet (GFD) [4] whereas the excess risk of IPD seems to
persist beyond one year of follow-up [13, 25, 28]. In the light
of this, we deemed that alternative explanations for this in-
creased susceptibility deserved further attention.

The innate immunity is the first line of defense against
pathogens, in which the complement system plays an impor-
tant role [24]. The complement system is a complex network
of proteins acting in a cascade-like manner [24]. Its key func-
tions are the opsonization of the surface of the pathogen, ac-
tivation and recruitment of circulating and tissue-resident in-
flammatory cells, and the direct killing of the bacteria via
formation of the membrane attack complex (MAC) [23, 24].
The complement system can be activated through different
pathways (classical, lectin, or alternative) [23, 24]. Data from
mice models have shown that complement protection against
pneumococci is mainly mediated through the classical path-
way which is activated by antigen-bound antibodies and by
acute phase pentraxins. The alternative pathway is in general
also activated but the response seems, in comparison, weaker.
The lectin pathway, also important in the defense against
pneumococci, is activated by binding of mannan-binding

lectin (MBL) and ficolins to microbes [1, 23, 24].
Complement deficiencies, including MBL deficiency, lead to
an increased risk of pneumococcal infections or adverse out-
come in IPD [24]. The knowledge of the complement sys-
tem’s role in CD is limited. Some older studies have shown
reduced levels of C3 and C4 [17, 27]; however, none of them
has measured the levels of complement activation markers in
response to a pathogen.

The aim of this study was to investigate whether the com-
plement response to Streptococcus pneumoniae differed be-
tween young individuals with and without CD.

Material and methods

Study participants

All study participants were included at the Pediatric Clinic at
Kalmar County Hospital, Sweden. The participants were born
between 1999 and 2008. Since plasma levels of complement
components as well as complement activation are independent
of age and sex in this age category [5, 19], no matching was
performed. We chose to include individuals born 2008 and
earlier since pneumococcal immunization was included in
the Swedish national vaccine program for children in 2009
[26].

CD

Individuals with CD, born 1999–2008, were identified
through computerized medical records and invited to partici-
pate in the study through a study-specific letter. Patients with
an upcoming visit in near-time were invited first. Patients with
additional autoimmune diseases or ongoing infection were
excluded.

Controls

Individuals, born 1999–2008, visiting the Pediatric Clinic for
other reasons than CD were invited to participate as controls.
Individuals with autoimmune diseases or ongoing infection
were excluded.

Methods

Clinical data

All study participants filled out a questionnaire about diet,
medication, autoimmune diseases, previous pneumonias/men-
ingitis, pneumococcal vaccine, and known splenic affection.
In addition, medical records were reviewed when there were
uncertainties.
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Blood sampling and preparation of plasma

Blood samples for analyses of complement activation prod-
ucts (C3a and sC5b-9), C3, MBL, pneumococcal serology,
and IgA antibodies against tissue transglutaminase (tTG) were
collected from all study participants. Plasma-EDTA for com-
plement analyses was centrifuged at 2500×g for 20 min and
frozen at − 70 °C, within 4 h from sampling.

Pneumococcal incubations in lepirudin plasma

Prior to pneumococcal stimulation, the plasma anticoagulant
EDTA was removed to allow for complement activation.
Samples were spinned through Bio-Spin P-6 gel columns
(Bio-Rad Laboratories AB, Solna, Sweden), saturated with
veronal-buffered saline and lepirudin 50 μg/mL (Refludan®,
Celgene,Windsor, UK) as previously described [9]. For pneu-
mococcal stimulation, Streptococcus pneumoniae (serogroup
23F) isolated from a patient suffering from invasive infection
was chosen. The isolate was retrieved from the Department of
Clinical Microbiology, Kalmar County Hospital, Sweden.
Pneumococcal stimulation was carried out by mixing 20 μL
of S. pneumoniae, 108 CFU/mL in NaCl with 180 μL plasma.
As control 20 μL 0.9% NaCl without bacteria was added.
Incubation was done in polypropylene microtubes, 30 min
in 37 water-bath. An additional control was included: 20
μL NaCl mixed with 180 μL plasma, without incubation.
The reaction was stopped by adding 0.2 M EDTA (10 mM
final concentration). Incubations were carried out as dupli-
cates or triplicates, depending on sample volume. Samples
were centrifuged at 4500×g for 5 min and 150 μL was frozen
at − 80 °C prior to complement analysis.

Analysis of complement activation (C3a and sC5b-9)

Complement activation was monitored as the generation of
activation products C3a and sC5b-9 complexes measured in
the plasma by employing enzyme-linked immunosorbent as-
say (ELISA) with antibodies specific for neo-epitopes in C3a
and C9 respectively, as previously described [18, 20]. For
statistical analyses, we used the median of the triplicates and
duplicates. The concentration was presented in μg/mL.

C3

Total C3 was measured by nephelometry (Beckman Coulter
Immage 800, Bromma, Sweden) using Immunochemistry
Diagnostic C3 (Beckman). Analyses were performed at the
Department of Clinical Immunology and Transfusion
Medicine, Uppsala, Sweden.

Mannan-binding lectin

MBL was measured by sandwich ELISA using mouse mono-
clonal antibody (clone HYB 131-01) from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA). Analyses were per-
formed at the Department of Clinical Immunology and
Transfusion Medicine, Uppsala, Sweden.

Pneumococcal serotype-specific IgG measurement
(pneumococcal serology)

IgG antibodies against pneumococcal serotypes 19F, 23F, and
6B were quantified using ELISA meeting World Health
Organization standard [21]. The analyses were performed at
the Department of Clinical Immunology and Transfusion
Medicine, Lund, Sweden.

IgA antibodies against tissue transglutaminase

IgA antibodies against tissue transglutaminase were analyzed
with Thermo Fisher Scientific Phadia 250 (Thermo Fisher
Scientific, Uppsala, Sweden) at the accredited hospital labo-
ratory at Kalmar County Hospital. The method includes a
screening for detecting IgA deficiency (EliA™ Celikey®
IgA on Phadia 250, Thermo Fisher Scientific, Uppsala,
Sweden). In case of a low response, samples are further ana-
lyzed on BN ProSpec (Siemens, Erlangen, Germany) to get an
actual IgA level [12]. If IgA is ≤ 0.07 g/L, IgG antibodies
against transglutaminase and IgG antibodies against
deamidated gliadin peptide are measured.

Statistics

Variables were examined with normality tests (Kolmogorov-
Smirnov, Shapiro-Wilk, and plots). Non-parametric tests
(Mann-Whitney U test) were used for group comparisons. In
addition, parametric tests (independent sample t test) were
used when variables were normally distributed. To statistically
verify that pneumococcal stimulation caused complement ac-
tivation, the Wilcoxon signed-rank test was used. Spearman’s
rho was used for analyzing correlations.

Analyses and figures were performed using SPSS 24
(SPSS, Inc., Chicago, IL, USA) and GraphPad Prism version
7.0 (GraphPad Software, San Diego, CA). p values < 0.05
were considered statistically significant.

Ethics

The study conforms to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Ethical
Review Board in Linköping, Sweden (2016/366/31). Written
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informed consent was obtained from all participants and their
guardians.

Results

Characteristics of study participants

A total of 25 individuals with CD and 23 controls were in-
cluded. However, during the process, 8 study participants had
to be excluded: two individuals with CD and two controls due
to bacterial contamination, one CD and one control due to too
low bacterial concentration, and one control did, for unknown
reason, not activate C3a and sC5b-9 (despite C3 level within
normal range), in addition, plasma from one control was miss-
ing. Accordingly, the final study population consisted of 22
individuals with CD and 18 controls. The median age was
15.4 (10.2–17.1) years in the CD group and 11.5 (9.3–17.4)
years in the control group. The majority of the study partici-
pants were female (CD 16/22 and controls 10/18). None of the
participants had received pneumococcal vaccination. One CD
patient claimed to have had more than one pneumonia but the
diagnoses could not be verified. No recent (last month) pneu-
monias or previous meningitis were reported. No participant
had a known affection of the spleen or reported use of medi-
cation that potentially could affect pneumococcal stimulation
or complement activity. One of the CD patients had a
suspected asthma diagnosis; otherwise, no comorbidities
known to influence complement levels were reported or found
when reviewing medical records. All but one of the CD pa-
tients received their diagnosis after small intestinal biopsy
showing findings compatible with CD. The remaining patient
was diagnosed without biopsy as proposed by the European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) guidelines from 2012 [10]. The mean
duration of CD was 7.6 years (1.3–14.9). Out of the control
individuals, 15/18 attended the hospital for undergoing mag-
netic resonance imaging. Four of the controls reported having
a relative with CD (responding rate 17/18).

Laboratory results

Pneumococcal-induced complement activation

C3a

Pneumococcal stimulation did cause a statistically significant
increase in C3a levels in both the CD (p < 0.001) and the
control group (p < 0.001) but the levels did not differ between
the groups (p = 0.497) (Fig. 1). After incubation, C3a in-
creased on average 4.6 times in both the CD and the control
group (CD: median 4.4; range 1.6–11.4 and controls: median

4.7; range 2.3–6.7). Additional statistical analyses comparing
C3a concentrations in non-stimulated and stimulated samples
showed no significant differences between the groups (p =
0.415 and p = 0.786 respectively).

C3 and C3a/C3 ratio

Since C3a is dependent on the total C3 level, we also mea-
sured C3 concentrations. The C3 values were normally dis-
tributed and statistical testing showed no significant difference
between the groups (p = 0.124) (Fig. 2). In addition, we ex-
amined the ratio between C3a and C3 since this is reported to
be a more sensitive indicator than C3a alone [30] (Fig. 3). No
statistically significant differences between the study groups
could be found. Three CD patients had C3 levels below the
reference. Excluding these from the statistical analyses did not
affect the results.

Fig. 1 Distribution of C3a in individuals with CD and controls before and
after pneumococcal stimulation. Bars representing mean and 95%CI. (−)
Non-stimulated samples. (+) Stimulated samples

Fig. 2 Distribution of C3 in individuals with CD and controls. Bars
representing mean and 95%CI
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sC5b-9

Pneumococcal stimulation was statistically significantly asso-
ciated with an increase in sC5b-9 activity in both the CD (p <
0.001) and the control group (p < 0.001) but no significant
difference was seen between the groups (p = 0.724) (Fig. 4). In
the CD group, sC5b-9 increased on average 22 times (median
19; range 8–47), equal to the also 22-fold increase observed in
the control group (median 20; range 5–39). Comparing the
study groups with regard to sC5b-9 concentrations in non-
stimulated and stimulated samples separately did not reveal
any statistically significant differences (p = 0.881 and p = 0–
664 respectively).

Concentration of Streptococcus pneumoniae

The bacterial load was evaluated after each pneumococcal
stimulation. CFU varied between 6.8 × 106 and > 5 × 108

(median 5 × 108). Statistical testing showed no difference in
distribution of bacterial concentration between the CD group
and controls (p = 0.757).

Mannan-binding lectin

The median concentration of MBL was 481.5 kU/L (7 to >
2000 kU/L) in the CD group and 492.5 kU/L in controls (102
to > 2000 kU/L). There was no statistically significant differ-
ence between the study groups (p = 0.508). One study partic-
ipant (CD individual) had an MBL concentration below the
reference level (7 kU/L [ref > 40 kU/L]). The results from the
statistical analyses did not change when this participant was
removed from the data set.

Pneumococcal serology

The majority of the study participants showed signs of previ-
ous pneumococcal infection (IgG antibody level > 1 mg/L). In
the CD group, the median IgG antibody concentration for
pneumococcal serotype 19F was 3.10 (0.10 to 38.00) mg/L,
for serotype 23F 2.00 (0.22 to > 26) mg/L and for serotype 6B
5.25 (0.29 to > 50) mg/L. The corresponding numbers for
controls (n = 16, samples missing from two controls) were
4.25 (0.53 to 23) mg/L, 1.5 (0.34 to > 26) mg/L, and 3.50
(0.22 to > 50) mg/L respectively. Mann-Whitney U tests
showed no statistically significant differences in distribution
between the study groups in any of the serotypes (p = 0.535, p
= 0.431, and p = 0.460 respectively). Antibody levels did not
correlate to the degree of complement response in any of the
serotypes.

IgA antibodies against tissue transglutaminase

Two individuals in the CD group had a slightly elevated tTG
(8 and 13 kIE/L respectively [ref < 7 kIE/L]). Excluding these
individuals from statistical analyses did not change the results.
None of the study participants had p-IgA < 0.07 g/L wherefore
there was no need for assessment of alternative serological CD
markers.

Discussion

The first reports of severe pneumococcal infections in individ-
uals with CD were published in the 1980s [22]. The last de-
cade, the association between CD and IPD has been examined
more thoroughly [13, 25, 28] and recent international CD
guidelines recommend pneumococcal vaccine in CD [2, 16].

Fig. 4 Distribution of sC5b-9 in individuals with CD and controls before
and after pneumococcal stimulation. Bars representing mean and 95%CI.
(−) Non-stimulated samples. (+) Stimulated samples

Fig. 3 Distribution of C3a/C3 ratio in individuals with CD and controls
before and after pneumococcal stimulation. Bars representing mean and
95%CI. (−) Non-stimulated samples. (+) Stimulated samples
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The complement system plays an important role in the im-
mune system’s first line of defense against invading patho-
gens, including Streptococcus pneumoniae [23] but also
against other encapsulated bacteria (e.g., meningococci and
Haemophilus Influenzae). These latter pathogens have been
very sparsely examined in CD although some experts argue
that vaccine against these bacteria should be offered in addi-
tion to pneumococcal immunization. Even though comple-
ment deficiency is not uncommon in children with recurrent
IPD [11], to our knowledge, ours is the first study to investi-
gate whether alterations in the complement system are linked
to the increased risk of IPD in CD. We used plasma samples
from children (9–18 years old) with and without CD to mea-
sure complement activation, i.e., levels of complement activa-
tion markers C3a and sC5b-9, after in vitro stimulation with
pneumococci. Even though pneumococci might resist the
MAC (C5b-9) [23], we chose to measure the soluble form of
this complex (sC5b-9) in addition to C3a since they are the
complement cascade’s terminal products [24] and accordingly
reflect the function of the entire complement system. A com-
plement response was evident in all individuals after incuba-
tion with S. pneumoniae, but no differences in activation be-
tween the CD group and controls could be demonstrated.

Besides assessing the increased susceptibility to infec-
tions in CD from a totally new angle, one of the major
strengths of the study was the availability of clinical data.
All CD diagnoses were confirmed by reviewing relevant
medical records. All CD cases but one were biopsy-verified.
The absence of concomitant autoimmune diseases could also
be confirmed. We also had access to vaccine data. The
Swedish national vaccine register (Swevac) has a good cov-
erage in the county where the study was performed.
Likewise, medical records of control children were
reviewed. This was done in addition to the questionnaire to
confirm that the controls did not have any autoimmune dis-
eases other thanCDor other conditions that potentially could
affect complement activity, thereby avoiding selection bias.
Since the study did not include infants,we did not require age
and sex matching between the study groups. The youngest
patient in the study was 9 years old and by that age comple-
ment levels and responsehave reachedadult levels [5, 19].To
further confirm this (and by that excluding selection bias in
regard to sexandage),weanalyzed totalC3andnodifference
was found according to CD status. The mean duration of CD
was 7.6 years and all patients claimed to adhere to a GFD
which makes ongoing intestinal inflammation unlikely.
However, two CD patients had a slightly elevated IgA tTG.
They had only been diagnosedwithCD1.3 and 1.8 years ago
respectively and it is therefore possible that they had not yet
acquired complete mucosal recovery. To examine if these
patients somehow influenced our results, we also performed
all statistical tests after excluding them from the analyses but
this did not affect the results.

The laboratory work was performed in several steps.
Prior to stimulation, pilot tests were performed to estimate
bacterial load and incubation time needed to induce com-
plement activation in vitro. Initially lower concentrations
of pneumococci (100, 1000, and 10,000 CFU/mL) were
evaluated but these failed to activate the complement and
a concentration of 108 CFU/mL was required. High bacte-
rial loads are commonly required to activate complement
in vitro. Even though this could be considered a limit, it is
unlikely to affect group comparisons. Incubation times of
15, 30, and 60 min were evaluated and since there was no
difference in complement response between 30 and 60
min, 30 min was chosen. Another limitation of the study
is that not all samples could be analyzed simultaneously.
However, samples from both study groups were analyzed
at each occasion and there was no statistically significant
difference in bacterial load between groups. To further
confirm that the methodological concept worked, we veri-
fied that the increase in complement activity that we no-
ticed in both study groups after pneumococcal stimulation
was statistically significant.

We cannot entirely exclude that the study was underpow-
ered. The lack of previous research was of course one of the
rationales for performing the study but naturally it hampered
sample size calculations. What size a difference in comple-
ment activation should have to be clinically significant is not
known. However, considering the strikingly similar response
between the groups, it is doubtful whether a larger study
would have resulted in a different outcome.

As a secondary finding, we noticed that the majority of the
study participants, despite being unvaccinated, showed immu-
nity to all the three investigated pneumococcal serotypes. This
most likely supports studies showing that most individuals are
exposed to and infected by pneumococci during childhood
[23]. The antibody levels were equally distributed between
individuals with and without CD so we found nothing that
indicated differences in antibody response to pneumococci
with regard to CD status.

In conclusion, this study tested a novel idea and even
though no differences in complement response to pneumococ-
ci were found between CD patients and controls, this is an
important pilot study which hopefully can be followed by
further studies investigating involvement of complement as
well as other immune mechanisms (e.g., IgG2 levels) that in
addition to hyposplenism could contribute to the increased
susceptibility to infectious complications in CD.

Acknowledgments The authors thank Ivar Tjernberg for valuable ideas
prior to study start. The authors would also like to thank the staff at the
Pediatric Clinic at Kalmar County Hospital for including study
participants.

Authors’ contributions ICMJE criteria for authorship read andmet: ART,
HW, KS, MJ, CD, JFL, JB, PN, KNE

138 Eur J Pediatr (2020) 179:133–140



Eur J Pediatr (2020) 179:133–140 139

Agree with the manuscript’s results and conclusions: ART, HW, KS,
MJ, CD, JFL, JB, PN, KNE

Designed the experiments/the study: ART, JB, KNE, HW, KS, PN,MJ
Collected data: ART
Analyzed the data: ART
Wrote the first draft of the paper: ART
Contributed to study design, interpretation of data, and writing: ART,

HW, KS, MJ, CD, JFL, JB, PN, KNE
Interpretation of data; approved the final version of the manuscript:

ART, HW, KS, MJ, CD, JFL, JB, PN, KNE
Responsible for data integrity: ART
Obtained funding: ART, JB, KNE

Funding information Open access funding provided by Örebro
University. The study was mainly funded by the Medical Research
Council of Southeast Sweden (658741). ART, HW, MJ, and JB were
supported by Region Kalmar County. JFL, KNE, and PN were supported
by the Swedish Research Council (522-2A09-195), (2016-2075-5.1), and
(2018-04087). JFL was supported by the Swedish Celiac Society and
Fulbright Commission. KS, KNE, and PN were supported by faculty
grants from Linnaeus University. PN was supported by the Norwegian
Research Council (274332).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of
the Ethical Review Board in Linköping, Sweden (2016/366/31), and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Ali YM, Lynch NJ, Haleem KS, Fujita T, Endo Y, Hansen S,
Holmskov U, Takahashi K, Stahl GL, Dudler T, Girija UV, Wallis
R, Kadioglu A, Stover CM, Andrew PW, Schwaeble WJ (2012)
The lectin pathway of complement activation is a critical compo-
nent of the innate immune response to pneumococcal infection.
PLoS Pathog 8(7):e1002793. https://doi.org/10.1371/journal.ppat.
1002793

2. Bai JC, Ciacci C (2017) World Gastroenterology Organisation
Global Guidelines: celiac disease February 2017. J Clin
Gastroenterol 51(9):755–768. https://doi.org/10.1097/MCG.
0000000000000919

3. Corazza GR, Lazzari R, Frisoni M, Collina A, Gasbarrini G (1982)
Splenic function in childhood coeliac disease. Gut 23(5):415–416

4. Corazza GR, Frisoni M, Vaira D, Gasbarrini G (1983) Effect of
gluten-free diet on splenic hypofunction of adult coeliac disease.
Gut 24(3):228–230

5. Davis CA, Vallota EH, Forristal J (1979) Serum complement levels
in infancy: age related changes. Pediatr Res 13(9):1043–1046

6. Di Sabatino A, Rosado MM, Cazzola P, Riboni R, Biagi F, Carsetti
R, Corazza GR (2006) Splenic hypofunction and the spectrum of
autoimmune and malignant complications in celiac disease. Clin
Gastroenterol Hepatol 4(2):179–186

7. Di Sabatino A, Carsetti R, Corazza GR (2011) Post-splenectomy
and hyposplenic states. Lancet 378(9785):86–97. https://doi.org/
10.1016/S0140-6736(10)61493-6

8. Di Sabatino A, Brunetti L, CarnevaleMaffe G, Giuffrida P, Corazza
GR (2013) Is it worth investigating splenic function in patients with
celiac disease? World J Gastroenterol 19(15):2313–2318. https://
doi.org/10.3748/wjg.v19.i15.2313

9. Ekdahl KN, Norberg D, Bengtsson AA, Sturfelt G, Nilsson UR,
Nilsson B (2007) Use of serum or buffer-changed EDTA-plasma in
a rapid, inexpensive, and easy-to-perform hemolytic complement
assay for differential diagnosis of systemic lupus erythematosus and
monitoring of patients with the disease. Clin Vaccine Immunol
14(5):549–555. https://doi.org/10.1128/CVI.00486-06

10. Husby S, Koletzko S, Korponay-Szabo IR, Mearin ML, Phillips A,
Shamir R, Troncone R, Giersiepen K, Branski D, Catassi C,
Lelgeman M, Maki M, Ribes-Koninckx C, Ventura A, Zimmer
KP, EWGoCD D, Committee EG, European Society for Pediatric
Gastroenterology H, Nutrition (2012) European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition guidelines
for the diagnosis of coeliac disease. J Pediatr Gastroenterol Nutr
54(1):136–160. https://doi.org/10.1097/MPG.0b013e31821a23d0

11. Ingels H, Schejbel L, Lundstedt AC, Jensen L, Laursen IA, Ryder
LP, Heegaard NH, Konradsen H, Christensen JJ, Heilmann C,
Marquart HV (2015) Immunodeficiency among children with re-
current invasive pneumococcal disease. Pediatr Infect Dis J 34(6):
644–651. https://doi.org/10.1097/INF.0000000000000701

12. Lowbeer C, Wallinder H (2010) Undetectable anti-tissue
transglutaminase IgA antibody measured with EliA Celikey indi-
cates selective IgA deficiency. Clin Chim Acta 411(7-8):612.
https://doi.org/10.1016/j.cca.2010.01.020

13. Ludvigsson JF, Olen O, Bell M, Ekbom A, Montgomery SM
(2008) Coeliac disease and risk of sepsis. Gut 57(8):1074–1080.
https://doi.org/10.1136/gut.2007.133868

14. Ludvigsson JF, Sanders DS, Maeurer M, Jonsson J, Grunewald J,
Wahlstrom J (2011) Risk of tuberculosis in a large sample of pa-
tients with coeliac disease–a nationwide cohort study. Aliment
Pharmacol Ther 33(6):689–696. https://doi.org/10.1111/j.1365-
2036.2010.04572.x

15. Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PH,
Hadjivassiliou M, Kaukinen K, Kelly CP, Leonard JN, Lundin KE,
Murray JA, Sanders DS, Walker MM, Zingone F, Ciacci C (2013)
The Oslo definitions for coeliac disease and related terms. Gut
62(1):43–52. https://doi.org/10.1136/gutjnl-2011-301346

16. Ludvigsson JF, Bai JC, Biagi F, Card TR, Ciacci C, Ciclitira PJ,
Green PH, Hadjivassiliou M, Holdoway A, van Heel DA,
Kaukinen K, Leffler DA, Leonard JN, Lundin KE, McGough N,
Davidson M, Murray JA, Swift GL, Walker MM, Zingone F,
Sanders DS, Group BSGCDGD, British Society of G (2014)
Diagnosis and management of adult coeliac disease: guidelines
from the British Society of Gastroenterology. Gut 63(8):1210–
1228. https://doi.org/10.1136/gutjnl-2013-306578

17. Mannion A, Stevens FM, McCarthy CF, Grimes-O’Cearbhaill H,
Killeen AA (1993) Extended major histocompatibility complex
haplotypes in celiac patients in the west of Ireland. Am J Med
Genet 45(3):373–377. https://doi.org/10.1002/ajmg.1320450319

18. Mollnes TE, Lea T, Froland SS, HarboeM (1985) Quantification of
the terminal complement complex in human plasma by an enzyme-
linked immunosorbent assay based on monoclonal antibodies
against a neoantigen of the complex. Scand J Immunol 22(2):
197–202

https://doi.org/10.1371/journal.ppat.1002793
https://doi.org/10.1371/journal.ppat.1002793
https://doi.org/10.1097/MCG.0000000000000919
https://doi.org/10.1097/MCG.0000000000000919
https://doi.org/10.1016/S0140-6736(10)61493-6
https://doi.org/10.1016/S0140-6736(10)61493-6
https://doi.org/10.3748/wjg.v19.i15.2313
https://doi.org/10.3748/wjg.v19.i15.2313
https://doi.org/10.1128/CVI.00486-06
https://doi.org/10.1097/MPG.0b013e31821a23d0
https://doi.org/10.1097/INF.0000000000000701
https://doi.org/10.1016/j.cca.2010.01.020
https://doi.org/10.1136/gut.2007.133868
https://doi.org/10.1111/j.1365-2036.2010.04572.x
https://doi.org/10.1111/j.1365-2036.2010.04572.x
https://doi.org/10.1136/gutjnl-2011-301346
https://doi.org/10.1136/gutjnl-2013-306578
https://doi.org/10.1002/ajmg.1320450319


19. Najam FI, Giasuddin AS, Shembesh AH (2005) Complement com-
ponents (C3, C4) in childhood asthma. Indian J Pediatr 72(9):745–
749

20. Nilsson Ekdahl K, Nilsson B, Pekna M, Nilsson UR (1992)
Generation of iC3 at the interface between blood and gas. Scand J
Immunol 35(1):85–91

21. Nived P, Nagel J, Saxne T, Geborek P, Jonsson G, Skattum L,
Kapetanovic MC (2017) Immune response to pneumococcal con-
jugate vaccine in patients with systemic vasculitis receiving stan-
dard of care therapy. Vaccine 35(29):3639–3646. https://doi.org/10.
1016/j.vaccine.2017.05.044

22. O’Donoghue DJ (1986) Fatal pneumococcal septicaemia in coeliac
disease. Postgrad Med J 62(725):229–230

23. Paterson GK, Orihuela CJ (2010) Pneumococci: immunology of
the innate host response. Respirology 15(7):1057–1063. https://
doi.org/10.1111/j.1440-1843.2010.01814.x

24. Ram S, Lewis LA, Rice PA (2010) Infections of people with com-
plement deficiencies and patients who have undergone splenecto-
my. Clin Microbiol Rev 23(4):740–780. https://doi.org/10.1128/
CMR.00048-09

25. Rockert Tjernberg A, Bonnedahl J, Inghammar M, Egesten A,
Kahlmeter G, Naucler P, Henriques-Normark B, Ludvigsson JF
(2017) Coeliac disease and invasive pneumococcal disease: a

population-based cohort study. Epidemiol Infect 145(6):1203–
1209. https://doi.org/10.1017/S0950268816003204

26. Smittskyddsinstitutet(Folkhälsomyndigheten) (2013) Övervakning
av barnvaccinationsprogrammet mot pneumokocker (Surveillance
of the pneumococcal vaccination program for children).
Folkhälsomyndigheten

27. Teisberg P, Fausa O, Baklien K, Akesson I (1977) Complement
system studies in adult coeliac disease. Scand J Gastroenterol
12(7):873–876

28. Thomas HJ, Wotton CJ, Yeates D, Ahmad T, Jewell DP, Goldacre
MJ (2008) Pneumococcal infection in patients with coeliac disease.
Eur J Gastroenterol Hepatol 20(7):624–628. https://doi.org/10.
1097/MEG.0b013e3282f45764

29. Walters JR, Bamford KB, Ghosh S (2008) Coeliac disease and the
risk of infections. Gut 57(8):1034–1035. https://doi.org/10.1136/
gut.2008.151571

30. Zilow G, Sturm JA, Rother U, Kirschfink M (1990) Complement
activation and the prognostic value of C3a in patients at risk of adult
respiratory distress syndrome. Clin Exp Immunol 79(2):151–157

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Affiliations

Anna Röckert Tjernberg1,2
& Hanna Woksepp3

& Kerstin Sandholm4
&Marcus Johansson5,6

& Charlotte Dahle6,7
&

Jonas F Ludvigsson8,9
& Jonas Bonnedahl6 & Per Nilsson4,10

& Kristina Nilsson Ekdahl4,11

1 Department of Pediatrics, Kalmar County Hospital, SE-391

85 Kalmar, Sweden

2 School of Medical Sciences, Örebro University, SE-701

82 Örebro, Sweden

3 Research section, Department of Development and Public Health,

Kalmar County Hospital, SE-391 85 Kalmar, Sweden

4 Linnaeus Center for Biomaterials Chemistry, Linnaeus University,

SE-391 82 Kalmar, Sweden

5 Department of Clinical Microbiology, Kalmar County Hospital, SE-

391 85 Kalmar, Sweden

6 Department of Clinical and Experimental Medicine, Linköping

University, SE-581 85 Linköping, Sweden

7 Department of Clinical Immunology and Transfusion Medicine,

Linköping University Hospital, SE-581 85 Linköping, Sweden

8 Department of Medical Epidemiology and Biostatistics, Karolinska

Institutet, SE-171 77 Stockholm, Sweden

9 Department of Pediatrics, Örebro University Hospital, SE-701

85 Örebro, Sweden

10 Department of Immunology, Oslo University Hospital, University

of Oslo, 0424 Oslo, Norway

11 Department of Immunology, Genetics and Pathology, Uppsala

University, SE-751 85 Uppsala, Sweden

140 Eur J Pediatr (2020) 179:133–140

https://doi.org/10.1016/j.vaccine.2017.05.044
https://doi.org/10.1016/j.vaccine.2017.05.044
https://doi.org/10.1111/j.1440-1843.2010.01814.x
https://doi.org/10.1111/j.1440-1843.2010.01814.x
https://doi.org/10.1128/CMR.00048-09
https://doi.org/10.1128/CMR.00048-09
https://doi.org/10.1017/S0950268816003204
https://doi.org/10.1097/MEG.0b013e3282f45764
https://doi.org/10.1097/MEG.0b013e3282f45764
https://doi.org/10.1136/gut.2008.151571
https://doi.org/10.1136/gut.2008.151571
http://orcid.org/0000-0001-8126-9738

	Celiac disease and complement activation in response to Streptococcus pneumoniae
	Abstract
	Introduction
	Material and methods
	Study participants
	CD
	Controls

	Methods
	Clinical data
	Blood sampling and preparation of plasma
	Pneumococcal incubations in lepirudin plasma
	Analysis of complement activation (C3a and sC5b-9)
	C3
	Mannan-binding lectin
	Pneumococcal serotype-specific IgG measurement (pneumococcal serology)
	IgA antibodies against tissue transglutaminase

	Statistics
	Ethics
	Results
	Characteristics of study participants

	Laboratory results
	Pneumococcal-induced complement activation
	C3a
	C3 and C3a/C3 ratio
	sC5b-9

	Concentration of Streptococcus pneumoniae
	Mannan-binding lectin
	Pneumococcal serology
	IgA antibodies against tissue transglutaminase

	Discussion
	References




