
Letter to the Editor
Clinical characteristics of patients
with low functional IL-6 production
upon TLR/IL-1R stimulation
FIG 1. IL-6 production by PBMCs from 770 patients. Dots represent individ-
ual IL-6 measurements from 22 patients with a confirmed abnormal

response to TIR ligands. For each ligand, only those results that fell below

the cutoff value are displayed. Green dots indicate results from patient 21

with NEMO-ID (rs148695964). Red dots indicate results from patient 8

with IRAK-4 deficiency (rs121908002). Boxplots (median 6 IQR) represent

patients with normal IL-6 responses after TIR stimulation. Black lines below
the boxes indicate the established cutoff values for each TIR ligand. IQR,
Interquartile range.
To the Editor:
The nuclear factor kappa B (NF-kB) pathway is activated by

stimulation of a wide range of receptors, including members of
the Toll-IL-1 receptor (TIR) superfamily. The TIR superfamily
encompasses Toll-like receptors (TLRs) and members of the IL-1
receptor (IL-1R) family.1 TLRs sensemicrobial products and play
an important role in immunity. Defects in the NF-kB pathway
have been associated with recurrent invasive pneumococcal
and/or staphylococcal disease, recurrent pyogenic infections
(eg, cellulitis), recurrent mycobacterial disease, or severe viral in-
fections.2 Mutations in IRAK4 and MyD88 are typically associ-
ated with life-threatening infections with Streptococcus
pneumoniae, Staphylococcus aureus, and Pseudomonas aerugi-
nosa.3 Mutations in NEMO/IKBKG are mostly associated with
X-linked recessive anhidrotic ectodermal dysplasia with immu-
nodeficiency syndromes.4 Standard immunological laboratory
tests such as blood and differential cell counts, lymphocyte sub-
sets, and complement function are normal in most patients
suffering from defects in the NF-kB pathway. Immunoglobulin
levels can be variable in myeloid differentiation factor 88
(MyD88), IL-1R–associated kinase (IRAK-4), and nuclear factor
kappa B essential modulator (NEMO) deficiencies.2-5

Diagnosis of defects in the NF-kB pathway is challenging and
requires specific laboratory evaluation of TLR function. This can
be done by ELISA measurement of IL-6 production by PBMCs
after stimulation with various TIR superfamily ligands for
24 hours.5 Over the past 6 years, we have used such functional
approach to screen for TLR/NF-kB defects as part of the routine
immunological diagnostic workup. On the basis of our data, we
extracted reference values and clinically characterized patients
with a low IL-6 response to TIR stimulation.

A total of 770 patients were analyzed for IL-6 production by
TLR and IL-1R ligands (including LPS, Zymosan, IL-1b,
Pam3CSK4, FSL-1, Imiquimod, ORN-02, Poly I:C, and heat-
inactivated Streptococcus pneumonia serotype 3; for more infor-
mation, see this article’s Online Repository at www.jacionline.
org) between April 2008 and November 2014. The age of the pa-
tients ranged between 1 month and 65 years, with a median age of
4 years. Patients were referred for testing because of invasive in-
fections, recurrent noninvasive bacterial infections, or severe viral
infections. In total, 78% of the cases were referred with a history
of recurrent pyogenic bacterial infections (n 5 601). Because of
the difficulty in recruiting enough healthy children to establish
reference values, we extracted reference values from the totality
of submitted samples by applying the Bhattacharya algorithm6

(see Table E1 in this article’s Online Repository at www.
jacionline.org). More information on the application of this algo-
rithm in our patient population is documented in this article’s On-
line Repository at www.jacionline.org.

Applying the established cutoff values, we classified the
response to each TIR ligand as normal or abnormal. A total of
584 patients were tested only once and 104 of them had an
abnormal response to 1 of the ligands. These 104 patients were not
retested because of several reasons—improvement in clinical
presentation, loss to follow-up, or another diagnosis established—
and were excluded for further analysis. In 186 patients, TLR
functional testing was performed on at least 2 occasions. In 89 of
186 cases, a normal response was confirmed and in 75 of 186
cases, an abnormal response could not be confirmed. In the group
of 186 patients, 17 had a confirmed abnormal response to the same
TIR ligand and 5 patients had an abnormal response to another
ligand than in the first test. For a summary on the patient
categorization, see Fig E1 in this article’s Online Repository at
www.jacionline.org.

Thus, we identified 22 patients in whom we documented a
confirmed (on at least 2 occasions) abnormal low IL-6 response to
TIR ligands. Fig 1 displays the IL-6 production of these 22 pa-
tients compared with the cutoff values and responses
(median1 interquartile range) from all 770 patients. Clinical pre-
sentations and laboratory anomalies for these 22 cases are sum-
marized in Table E2 in this article’s Online Repository at www.
jacionline.org. In these patients, IRAK4, MYD88, and IKBKG
coding regions and intron-exon boundaries were sequenced
with Sanger or next-generation sequencing (see Table E3 in this
article’s Online Repository at www.jacionline.org). Patient 8
had a homozygous IRAK4 stop mutation (p.Q239*,
rs121908002) and patients 11, 14, and 21 had hemizygous IKBKG
variants (rs201709278, rs179363896, and rs148695964, respec-
tively). Although rs179363896 and r201709278 are likely
benign,4,7,8 patient 8 and 21 variants rs121908002 and
rs148695964 have previously been described as pathogenic.8,9

An additional 6 patients had IRAK4 or IKBKG heterozygous cod-
ing or splice-site variants. It is possible that unobserved deletions
could be present on the other allele upstream or downstream of
these variants. Hence, future copy-number variant approaches
could complement the sequencing analysis to determine com-
pound heterozygous single nucleotide polymorphism-copy-
number variant defects.

Fig 2 gives an overview of the infectious and microbiological
histories of the 22 patients with a deficient IL-6 production
upon TIR stimulation in comparison to 368 patients without
1
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FIG 2. Infectious and microbiological histories. Data on the type of infections and their microbiological

cause (divided into invasive and noninvasive infections) for patients tested for IL-1R and TLR function from

whommedical health records were available. Patients with a normal IL-6 response (n5 368) were compared

with patients with a low IL-6 response (n 5 22) to TIR ligands. Relevant P values are displayed.
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such functional defect and accessible medical health records. For
more detailed information, see Tables E4 and E5 in this article’s
Online Repository at www.jacionline.org. Bacterial skin infec-
tions (eg, impetigo, cellulitis, furunculosis, and sur-infected
eczema) were significantly more present in the group of patients
with impaired IL-6 production upon TIR stimulation (50.0% vs
22.6%; P 5 .0079). This fits with the observation that bacterial
skin infection is the most frequently observed noninvasive bacte-
rial disease in IRAK-4– andMyD88-deficient patients.3 Noninva-
sive infections with S pneumoniae tended to be associated with
impaired IL-6 production upon TIR stimulation (28.0% vs
12.8%; P 5 .06). In comparison, in a cohort of IRAK-4– and
MyD88-deficient patients, prevalence of noninvasive infections
with S pneumoniae was 16%.3 The prevalence of invasive infec-
tions with Paeruginosa in patients with impaired IL-6 production
upon TIR stimulation was significantly higher than the prevalence
in patients without such impaired functional response (25% vs
0%; P 5 .0089), and comparable to the reported prevalence of
invasive P aeruginosa infections in IRAK-4– and MyD88-
deficient patients (19.7%).3 Bacterial meningitis was also more
frequent in the group of patients with impaired IL-6 production,
albeit not statistically significant (13.6% vs 4.3%; P5 .08) (prob-
ably because of the low number of patients affected). The fre-
quency of invasive infections with S aureus and S pneumoniae
in patients with impaired IL-6 induction upon TIR stimulation
was 25%, which was lower than the reported frequency of such
infections in IRAK-4– and MyD88-deficient patients (41.2%
and 51.5%, respectively).3

Wealso compared infectious andmicrobiological histories of the
patientswith a normal IL-6 response toTIR ligands to thosewith an
initial abnormal response that normalized upon retesting (n5 48 of
75 with accessible medical health records). No differences were
found between these 2 groups (data not shown), except for the
number of sepsis episodes,whichwas lower in the group of patients
with a fully normal response (12% vs 23%) (P5 .04). This under-
scores the need for repeated assessment over time.

In conclusion,we studied theproductionof IL-6byPBMCsafter
stimulation with various TIR ligands in 770 patients presenting
with increased susceptibility to infection.We identified 22 patients
with confirmed impaired production of IL-6 after TIR stimulation,
including 1 with IRAK-4 deficiency and 1 patient with NEMO
immunodeficiency. The other 20 patients presented with a
phenotype reminiscent of a (mild) IRAK-4 or MyD88 deficiency,
but we did not identify pathogenic mutations in these genes.
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