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ABSTRACT 

 

Although the majority of monogenic defects underlying primary immunodeficiency are 

microlesions, large lesions like large deletions are rare and constitute less than 10% of these 

patients. The immunoglobulin heavy chain (IGH) locus is one of the common regions for such 

genetic alterations. This study describes a rare case of autosomal recessive agammaglobulinemia 

with a homozygous large deletion in chromosome 14q32.33 (106067756-106237742) 

immunoglobulin heavy chain clusters with an unusual and severe skin infection and disseminated 

intravascular coagulopathy.  
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INTRODUCTION 

 

Autosomal recessive agammaglobulinemia (ARA) 

is a rare inborn error of immunity that is characterized 

by severe hypogammaglobulinemia and absent 

peripheral B-cells without BTK gene mutation.
1 

ARA is 

reported to present with more severe and  

earlier manifestations compared with X-linked 

agammaglobulinemia due to BTK deficiency.
2
 

Deleterious biallelic mutations in several genes 

encoding for Igα, Igβ, µ heavy chain, BLNK, SLC39A7,  
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FNIP1, CTNNBL1, p85α, and p110δ (PI3K signaling) 

are associated with ARA.
3
  

Besides these proteins, intact membrane-bound mu 

heavy chain is important for early B-cell development 

so any defect in gene encodes this component can 

cause ARA in humans with low peripheral B cells.
4
 

Of note, the immunoglobulin heavy chain constant 

region (IGH) locus is a multigene family composed of 

highly homologous segments often involved in unequal 

crossings that lead to deleted and duplicated 

haplotypes.
5 

In this study, we described a case of ARA 

with a large deletion mutation in the IGH locus who 

presents with a severe skin infection and disseminated 

intravascular coagulation. 
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Case Report 

The patient was a 2-years old girl who was born to 

a consanguineous family. Her sibling died due to 

leukemia. She was referred to our center with fever; 

severe skin infection and necrotic abscess (Figure1). 

After several days, her condition deteriorated and 

the clinical picture of sepsis and disseminated 

intravascular coagulation appeared. Microscopic 

examination of skin lesions revealed ecthyma 

gangrenosum. But we do not have any positive skin or 

blood culture in our evaluations. Subsequently, she was 

treated with an empirical broad spectrum of antibiotics 

targeting Staphylococcus aureus and Pseudomonas 

aeruginosa. Ceftazidime and vancomycin were 

antibiotics that we used in the patient. Recovery was 

achieved after several days and the patient  

was discharged with good condition and 

recommendation for intravenous immunoglobulin 

replacement therapy.    

Because of severe and unusual infection in this 

patient immunologic profile was evaluated. Laboratory 

data at this admission are shown in Table 1.  

 

 
Figure 1. Severe skin infection and necrotic abscess in a patient with immunoglobulin heavy chain deficiency 

 

Table 1. Immunologic profile and laboratory data of a patient with immunoglobulin heavy chain deficiency 

Parameters                            Patient Normal values 

IgG (mg/dL)                                           <50 295-1156 

IgA (mg/dL)                                         9 27 -246 

IgM (mg/dL) 10 37 -184 

IgE (IU/mL) <0.100 0-60 

Specific antibodies   

Anti-diphtheria antibody (IU/mL) 0.001 >0.01 

Anti-tetanus antibody (IU/mL) 0.001 >0.01 

Complete blood count   

White blood cells, cells/mL 31400 5200-11000 

Neutrophils, cells/ml (% of WBC) 26376 (84%) 1500-9000 

Lymphocytes, cells/ml (% of WBC) 5024 (16%) 2300-5400 

Lymphocyte subsets   

CD3+ T cells/uL (%) 3964 (79.5%) 1400-3700 

CD3+CD4+ T cells 2210 (44%) 700-2200 

CD3+CD8+ T cells 2059 (41.6%) 490-1300 

CD19+ B cells 200 (4.5%) 390-1400 

CD20+ B cells 452 (9.9%) 300-900 

CD16/56+ NK cells                                   502 (10.6%) 480-1300 
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Written informed consent was obtained from the 

patient’s parents for genetic evaluation and 

anonymized publication (Code: 1399-03-25-1951). 

Whole exome sequencing (WES) was performed using 

a qualified genomic DNA sample which was randomly 

fragmented by Covaris technology (Covaris, USA) and 

the size of the library fragments was mainly distributed 

between 150bp and 250bp. The end-repair of DNA 

fragments was performed, and an "A" base was added 

at the 3'-end of each strand. Adapters were then ligated 

to both ends of the end-repaired/dA-tailed DNA 

fragments for amplification and sequencing. Size-

selected DNA fragments were amplified by ligation-

mediated PCR (LM- PCR), purified, and hybridized to 

the exome array for enrichment (using Sureselect kit, 

Agilent Technologies, UAS). Non-hybridized 

fragments were then washed out. Captured products 

were then circularized. The rolling circle amplification 

(RCA) was performed to produce DNA Nanoballs 

(DNBs). Each resulting qualified captured library was 

then loaded on BGISEQ-500 sequencing platforms 

(Shenzhen, China), and high-throughput sequencing for 

each captured library was performed to ensure that it 

met the desired average sequencing coverage.  

The average sequencing depth on target was 147.5 

and the fraction of target covered >4X was 99.8%. 

WES analysis using a previously published pipeline,
6,7 

revealed a homozygous large deletion in chromosome 

14q32.33 (106067756-106237742) immunoglobulin 

heavy chain clusters compatible with residual counts of 

B cells in the patient. Even though the large deletion 

does not affect the Cµ the severe impact on the 

regulatory elements of the IGH region can explain the 

low level of IgM in this patient (Figure 2). 

These deletions were confirmed by Sanger 

sequencing compared to healthy individuals. The 

genetic findings in combination with the clinical and 

immunological data were consistent with the definitive 

diagnosis of IGH deficiency. 

 

 

 

Healthy control: 

Chr14:106067756 

 

 

 

Patient: 

Chr14:106067756 
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Heaithy control: 

Chr14:106237742 

 

 

Patient: 

Chr14:106237742 

 

 

 

Figure 2. Large deletion of immunoglobulin heavy chain region from Cγ3 till Cε on chromosome 14 of a patient presenting 

with autosomal recessive agammaglobulinemia 

 
DISCUSSION 

 

Agammaglobulinemia is associated with  

significant morbidity and mortality in the absence of 

appropriate treatment. Patients with congenital 

agammaglobulinemia present with infections caused by 

encapsulated bacteria, mainly Streptococcus 

pneumoniae and Haemophilus influenzae. The most 

common clinical manifestations are acute or chronic 

otitis media, sinusitis, and pneumonia, and skin 

infections. Other infections that lead to hospitalizations 

are meningitis, meningoencephalitis, vaccine-

associated polio, arthritis, and mastoiditis.
8
 One  

of the most important and prominent clinical  

features of agammaglobulinemia patients are 

respiratory tract complications such as pneumonia and 

bronchiectasis.
9,10 

The majority of patients with agammaglobulinemia 

are not recognized to have primary immunodeficiency 

until they are admitted for infection.11 Of note, many 

proteins are required for immunoglobulin production 

and the IGH heavy chain is at the center of this process 

and several gene mutations can lead to profound 

immunodeficiency.
1,4

 We described a rare case of ARA 

that genetic analysis showed large deletion in 

chromosome 14q32.33 (106067756-106237742) 

immunoglobulin heavy chain clusters. 

Disseminated intravascular coagulopathy (DIC) is a 

rare presentation of patients with ARA. There are few 

reports of pseudomonas and staphylococcal sepsis 

associated with neutropenia in patients with 

agammaglobulinemia.11,12 But to the best of our 

knowledge, there is no evidence about IGH deficiency 

and susceptibility to DIC. Interestingly the literature 

review of all reported patients with IGH deficiency 

indicates that the majority of IGH patients (17 patients, 

almost 50% of all reported cases globally, Table 2)  

are due to deleting gross deletion breakpoints were 

located in or close to transposable elements-derived 

repeats. 
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Table 2. Previously reported patients with immunoglobulin heavy chain (IGH) deficiency due to homozygous large deletion 

and antibody deficiency 

 

Description Phenotype Year Reference 

125 kb (IGV6-1 to Cδ) Hypogammaglobulinaemia 2002 16 

165-265 kb (described at genomic DNA level) Hypogammaglobulinaemia 2002 17 

300 kb (described at genomic DNA level) Hypogammaglobulinaemia 2002 16 

40 kb (described at genomic DNA level) Hypogammaglobulinaemia 2002 16 

578 kb (IGV3-20 to Cγ4) IGHM-deficiency 2008 13 

732 kb (IGV3-41 to Cα1) IGHM-deficiency 2008 13 

75-100 kb (IGD to Cµ) Hypogammaglobulinaemia 1996 18 

117 kb (IGV6-1 to Cδ) IGHM-deficiency 2019 19 

320 kb (Cγ1 to Cα1) IgG subclass deficiency 1982 20, 21 

 
Interestingly, the involved elements (particularly 

LINEs and LTR retrotransposons) have been evident to 

be overrepresented in the IGH locus compared to the 

average in the human genome. Gastrointestinal and 

neurologic complications due to polio vaccine are 

common in reported IGH deficient cases due to large 

deletion but were absent in our current studied 

patient.
13

 

Several studies have tried to establish a genotype-

phenotype correlation in patients with 

agammaglobulinemia, especially in BTK mutations. 

But the result was controversial. Aghamohammadi et al 

in one study showed that there is a correlation between 

clinical phenotype and the category of 

agammaglobulinemia (XLA, ARA). Comparison of 

XLA and ARA showed that the age at onset of the 

clinical presentation was lower in ARA, mainly IGH 

deficiency. They also showed that the variation of BTK 

mutation does not correlate with the clinical 

phenotype.
14

 In another study, 54 patients with 

agammaglobulinemia were evaluated (48 patients with 

BTK mutation and 6 patients with mu heavy chain 

mutation). The most common presentation in both 

groups was pneumonia. Meningitis was seen in 16 

patients with BTK mutation. However, in patients with 

mu heavy chain, the most frequent diseases were 

pneumonia, otitis media, autoimmunity, and sinusitis 

respectively.
15

 

IGH deficiency is one of the forms of AAR that 

could be presented in the early childhood period with 

very severe and unusual manifestations such as DIC, so 

early diagnosis and replacement therapy with 

intravenous immunoglobulin and appropriate antibiotic 

prophylaxis lead to control of severe and catastrophic 

complications. 
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