TWO SIBLINGS WITH LETHAL PNEUMOCOCCAL MENINGITIS
IN A FAMILY WITH A MUTATION IN INTERLEUKIN-1
RECEPTOR-ASSOCIATED KINASE 4
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We describe two siblings with one confirmed and one inferred homozygous base pair deletion in the gene for interleukin-
1-related kinase 4 (IRAK-4) who died of pneumococcal meningitis at 2 and 14 months, respectively. Interleukin-1-related
kinase 4 deficiency is a potentially lethal immunodeficiency characterized by a poor inflammatory response to pyogenic
infections. (J Pediatr 2004;145:698-700)

oth bacterial virulence factors and host factors contribute to susceptibility and outcome of invasive pneumococcal disease.
Toll-like receptors are transmembrane proteins that recognize conserved microbial components and constitute a first line
of defense that helps protect the host against invasion of colonizing bacteria such as Streprococcus pneumoniae. Interleukin-
1-related kinase 4 (IRAK-4) links activation of toll-like receptors to translocation of nuclear factor-kappa B (NF-«kB) and
subsequently the transcription of inflammatory genes. Accordingly, mutations in IRAK-4 have been linked to increased
susceptibility to bacterial infection.” All four patients with IRAK-4 deficiency as yet described®* had recurrent but nonlethal
infections with pyogenic bacteria, in particular with § pneumoniae. Characteristic findings were reduced inflammatory responses
and a transient neutropenia during infections. We describe two siblings with IRAK-4 deficiency who had lethal pneumococcal

meningitis.

CASE REPORTS

Patient 1 was the first child of consanguineous Turkish parents. His mother had 5
spontaneous abortions ascribed to an arcuate uterus. During his first 13 months, the boy
had two short hospital stays for bronchitis and gastroenteritis. At 13 months of age, he was
admitted with a 4-day history of refusal to walk. He was afebrile. Erythrocyte
sedimentation rate was 68 mm, C-reactive protein (CRP) was 25 mg/L, and leukocyte
count was 9100/mm? (neutrophils, 1820/ mm?). Cefotaxime was given for suspected septic
arthritis/osteomyelitis of the left hip joint. In two blood cultures, Streprococcus parasanguis
was isolated. During the hospital stay, the boy’s maximal temperature was 38.9° C; CRP
rose to 61 mg/L, and maximal leukocyte count was 16,300/ mm?>. He was discharged after 3
weeks of intravenous antibiotic therapy.

Five weeks later, the boy was readmitted after a night of recurrent vomiting. He was
unwell but still alert; his temperature was 38.3° C. CRP was 34 mg/L and leukocyte count
was 2600/mm?> (neutrophils, 1240/ mm?). Four hours after admission, he had two
generalized seizures. Analysis of the cerebrospinal fluid (CSF) revealed 11 cells/ mm? with
undetectable glucose, CSF protein of 621 mg/dL, and a lactate level of 9.8 mmol/L.
Microscopy revealed numerous Gram-positive diplococci. An antigen test for S pneumoniae
was positive. Bacterial cultures of blood and CSF were negative. After treatment with
cefotaxime, the patient had cardiorespiratory failure with subsequent refractory cardiac
arrest and died 8 hours after admission.
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Patient 2 was the fourth child of the same family. At 2
months of age, the girl presented with unilateral cervical
lymphadenopathy. She was afebrile and well-appearing and
was treated with oral cefaclor. During the same night, she
vomited once, appeared increasingly sick, and had develop-
ment of dyspnea. On admittance she appeared toxic, with
a raised fontanelle, dyspnea, and irritability. Her temperature
was 37.5° C. The leukocyte count was 4200/ mm?>
(neutrophils, 1760/ mm?), with a ratio of immature/total cells
of 0.7. CRP was 69.9 mg/L. Analysis of CSF revealed
133 cells/mm? with undetectable glucose, a protein level of 25
mg/dL, and lactate values of 11.9 mmol/L. Therapy was
initiated with ampicillin, tobramycin, and ceftazidime.
Subsequently, S preumoniae was isolated from both blood
and CSF cultures. A few hours later, the girl required
cardiopulmonary resuscitation. Refractory brain edema de-
veloped, and she died 16 days after admission. Her maximal
temperature was 38.0° C; maximal CRP was 92 mg/L, and
maximal leukocyte count was 22.300/ mm?>.

The finding of recurrent invasive infections with
Streptococcus spp in two children of consanguineous parents
associated with a poor inflammatory response suggested
a genetic deficiency in NF-kB-mediated immunity such as
IRAK-4 deficiency. Sequencing of genomic DNA from
patient 2 revealed a homozygous single base pair deletion in
exon 5 of the IRAK-4 gene (Figure, 4) leading to a premature
stop signal 30 codons downstream. Because no material was
available for further analysis, it remains open whether no
IRAK-4 protein or a truncated protein lacking the serine/
threonine kinase domain was expressed. The clinical pheno-
type of patient 1 suggests that this child was also homozygous
for the deletion. Both parents and one sibling were
heterozygous and clinically healthy (Figure, B).

DISCUSSION

Host factors that limit infection with § pneumoniae
include (1) molecules and signaling pathways involved in
bacterial recognition and activation of macrophages and
neutrophils,1 (2) CD27+ IgM+ memory B cells mediating
early antibody responses against polysaccharides,s (3) an intact
spleen required as a filter for pathogens and for differentiation
and maintenance of IgM+ memory B-lymphocytes,® (4)
T-lymphocytes providing help for mature, germinal-center—
dependent B-lymphocyte responses, (5) B-lymphocyte—
producing antibodies, in particular of the IgG2 subclass,”
and (6) complement factors, mainly C2-C48

Four IRAK-4—deficient patients have been described.*
All had recurrent infections mainly with Staphylococcus aureus
and § pneumoniae. Two had pneumococcal meningitis, one at
9 and 20 months, the other at 6 months of age. Other
infections included septic arthritis, osteomyelitis, pneumonia,
cellulitis, cutaneous and intra-abdominal abscesses, en-
dophthalmitis, gangrene of the leg, and sinusitis. Problems
with viral, fungal, or mycobacterial infections were not
described. Our report confirms this phenotype and emphasizes

that IRAK-4 deficiency may be a life-threatening disease.
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Figure. Genetic analysis of IRAK-4 deficiency. A, Part of the wild-
type nucleotide as well as the protein sequence of IRAK-4 exon 5 are
depicted. The nucleotide deleted in the IRAK-4 deficiency described
(A573del in GenBank Submission NM_016123) is boxed. The
consequences of this single nucleotide deletion are shown. B,
Pedigree of the family with mutations in IRAK-4. E, Evaluation
unknown; P, proband.

Reduced inflammatory responses and neutropenia during
infections were characteristic for all IRAK-4—deficient
patients.3’4’9’10 The acute phase and CSF inflammatory
reactions of our two IRAK-4—deficient patients were lower
than in most children with pneumococcal meningitis.
Neutropenia, low CSF glucose, high CSF protein, and low
CSF cell counts are associated with high mortality rates in
pneumococcal meningitis.11

Why was the meningitis lethal in our patients, whereas
all 4 reported IRAK-4—deficient children survived and
presently appear healthy? It is unlikely that the particular
genotype was responsible for the lethal phenotype because all
previously described mutations were also located in the kinase
domain.>* Alternatively, it is conceivable that IRAK-4 signal-
ing is particularly limiting for antimicrobial defense within the
first years of life. If during that time high-risk infections are
survived, the recurrent exposure to pathogens may build up
sufficient B-lymphocyte memory to control infections in the
absence of IRAK-4. Consequences for treatment of identified
patients would be early pneumococcal vaccination, antibiotic
prophylaxis, and early and aggressive treatment of bacterial
infections with high awareness that febrile and inflammatory
reactions may be minimal. One patient with IRAK-4
deficiency, who showed failure to sustain antibody response
to polysaccharide and protein antigens, had apparent benefit
from monthly intravenous immunoglobulin therapy.12
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