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first case of XLA in a Chinese individual carrying a BTK 
(c.753G > A) mutation.

Conclusions.
Based on previous reports in the literature and our 

case, we emphasize the importance of increased impor-
tance of early diagnosis of XLA so that patients can begin 
treatment quickly.

Background
X-linked agammaglobulinemia (XLA) is a primary 
immunodeficiency disorder characterized by mutations 
in the gene encoding Bruton’s tyrosine kinase (Btk), lead-
ing to a significant reduction in B-cell counts, a condition 
known as B-cell lymphopenia. Among the most prevalent 
congenital immune deficiency disorders, XLA primar-
ily affects male children. Individuals with XLA, particu-
larly during childhood, experience recurrent infections, 
commonly triggered by bacteria such as Streptococcus 
pneumoniae, Staphylococcus aureus, and Haemophilus 
influenzae. Common complications of XLA include otitis 
media, sinusitis, and pneumonia, which require imme-
diate diagnostic assessment and therapeutic interven-
tion to prevent further complications [1]. Patients with 

Case presentation
In this study, we present the case of a 12-year-old boy 
who experienced a 6-day-long episode of fever and 
cough, initially diagnosed with mycoplasma pneumo-
nia and immunodeficiency. The patient had previously 
received anti-infection treatment including the use of 
antibiotics, corticosteroids, and antiviral agents before 
admission; however, the treatment’s efficacy was unsat-
isfactory. It is worth pointing out that, we present the 
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Abstract
Background  X-linked agammaglobulinemia (XLA), also referred to as Bruton’s tyrosine kinase deficiency, is a 
rare genetic disorder that affects the immune system. We conducted genetic analysis on patients suffering from 
immunodeficiency by utilizing Next-Generation Sequencing techniques, as well as their closest relatives, to facilitate 
accurate diagnosis, offer genetic counseling services, and enhance our comprehension of XLA.
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atypical XLA frequently suffer from misdiagnosis due 
to the difficulty in distinguishing their symptoms from 
other immunodeficiency diseases, complicating the treat-
ment courses [2, 3]. Given the absence of targeted XLA 
treatments, patients typically receive immunoglobulin 
replacements and use antibiotics prophylactically to pre-
vent recurrent infections. Community-acquired pneumo-
nia caused by Mycoplasma pneumoniae is a significant 
concern for individuals with immunodeficiencies, poten-
tially extending the clinical course [4]. In our investiga-
tion, we leveraged Next-Generation Sequencing (NGS) 
to perform comprehensive exome analysis, targeting 
the entire coding regions of 23,000 genes on individuals 
with immunodeficiencies and their closest family mem-
bers to facilitate diagnostic precision and offer genetic 
consultations.

Case presentation
A 12-year-old boy sought medical attention at our emer-
gency department due to a fever and cough for 6 days. 
The patient, known for poor physical fitness and suscep-
tibility to respiratory infections, had a history of enceph-
alitis two years ago, followed by purulent meningitis two 
weeks later, and pneumonia six months prior.

Before admission, a treatment protocol was employed 
that encompassed the use of antibiotics, corticosteroids, 
and antiviral agents, however, the treatment effect was 

not satisfactory. A sputum culture revealed positive cocci 
with short chains, while throat swabs detected Myco-
plasma pneumoniae and influenza B virus. No causative 
organisms in blood and urine samples were identified. 
Blood tests showed the changes in lymphocyte per-
centage (Table  1). The chest X-ray revealed thickening 
and disorder of the lung bronchus. Chest CT imaging 
showed patchy and small patchy increased density in 
the right lobes of the lung and the lower lobe of the left 
lung (Fig.  1). Lung auscultation of the patient revealed 
the presence of fever, cough, and breathy sound in both 
lungs. The original diagnosis of pneumonia was con-
firmed. Following admission, infection and inflammation 
were treated with azithromycin, levofloxacin, cefopera-
zone sodium sulbactam, ceftazidime, and mabaloxavir, 
respectively. Three days following admission, the patient 
was transferred to the infectious disease department 
where he received a diagnosis of Mycoplasma pneu-
monia and severe influenza caused by the Influenza B 
virus, in addition to recurrent sinusitis. On the tenth day 
after admission, due to reduced immunoglobulin levels 
and persistent fever, immune deficiency was suspected 
(Table  1). Human immunoglobulin was administered as 
supplementing the insufficient immunity while continu-
ing anti-infective treatment. The patient was discharged 
on the thirteenth day with normalized temperature 
and significant improvement. The discharge diagno-
sis included Mycoplasma pneumonia, severe influenza 
caused by influenza B virus, otitis media, sinusitis, and 
immune deficiency.

Following discharge, the patient was diagnosed with 
X-linked agammaglobulinemia through NGS, identify-
ing a BTK gene mutation (c.753G > A) inherited from 
his mother. The parents were advised to bring the child 
for regular hospital visits for review and immunoglobu-
lin replacement, while genetic testing was recommended 
for the child’s siblings. Through NGS testing, hemizy-
gous for BTK (c.753G > A) was found in patient. The 

Table 1  Patient laboratory results
Investigations Results (Reference Range)
Lymphocyte percentage (%)
T CD3+ 88.88 (55–84)
T CD3 + CD8+ 41.42 (11–41)
B CD19+ 0.2 (6–25)
Immunoglobulins (g/L)
IgG 0.16 (7-15.5)
IgM 0.11 (0.49–2.4)
IgA 0.15 (0.58–2.91)

Fig. 1  Chest X-ray and computed tomography images of patient
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variant is non-sense, it leads to protein truncation at 251 
(p. Trp251Ter). Pathogenicity analysis was conducted 
according to the American College of Medical Genetics 
and Genomics (ACMG) guidelines for variant interpre-
tation (Fig. 2). Furthermore, we investigated the patient’s 
family history and discovered that neither parent nor any 
relatives had the condition.

Discussion and conclusions
XLA is a common primary immunodeficiency disease, 
predominantly impacting male infants and young chil-
dren [3]. It is characterized by a reduction or complete 
lack of B cells, leading to diminished immunoglobu-
lin levels and compromised T cell function. As a result, 
patients are susceptible to recurrent bacterial infec-
tions [5]. Otitis media, sinusitis, and pneumonia are 
common complications of X-linked agammaglobulin-
emia (XLA), underscoring the significance of timely 
diagnosis and treatment [6]. Individuals with genetic 
alterations may exhibit an increased susceptibility to 
respiratory viral infections [7]. Mycoplasma pneumoniae, 
a prominent etiological cause of community-acquired 
pneumonia, particularly affects children with immu-
nodeficiency, often resulting in more severe illness [8]. 
Taylor-Robinson et al. described a patient with hypogam-
maglobulinemia, who developed severe pneumonia due 
to Mycoplasma pneumoniae infection. Despite receiv-
ing multiple antibiotic treatments, the clinical course of 
pneumonia persisted for an extended duration [4]. In this 
study, the patient displayed markedly reduced levels of 
immunoglobulins and lymphocyte counts, accompanied 
by a recurrent respiratory tract infections and general 
debility. Previous diagnoses included encephalitis, puru-
lent meningitis, pneumonia, and the current recurrence 
of sinusitis, all of which align with the clinical profile of 
XLA. Genetic sequencing in this case led to the diagnosis 

of XLA, revealing a hemizygous mutation in the BTK 
gene (c.753G > A). The same mutation was detected in 
heterozygous form in the patient’s mother [9]. Follow-
ing immunoglobulin treatment, the patient’s condition 
gradually improved. However, given the chronic nature 
of XLA, lifelong administration of immunoglobulins and 
additional interventions to manage infections or other 
complications are likely necessary. Regular monitoring 
and provision of supportive care are essential for optimal 
management of XLA.

Atypical XLA patients are often initially misdiagnosed 
with other diseases, such as common variable immuno-
deficiency, chronic respiratory infections, autoimmune 
diseases, and so on. Clinical differentiation from these 
common diseases can be challenging, complicating the 
treatment process [10]. To minimize the risk of misdi-
agnosis, clinicians should maintain a high suspicion for 
XLA in patients who experience recurrent infections 
and have a suggestive family history. Following 8 to 15 
years of patient follow-up, during which individuals with 
XLA received intramuscular immunoglobulin replace-
ment and long-term antibiotics, it was observed that all 
10 patients displayed normal chest X-ray findings and 
none developed bronchiectasis [11]. The study by Foy et 
al. [12] elucidated that patients with acute mycoplasma 
pneumoniae infection, who were immunocompromised, 
demonstrated a rapid clinical response to antibiotic 
therapy. Notably, individuals with XLA who experienced 
recurrent infections while receiving low-dose (< 200 mg/
kg monthly) intravenous immunoglobulins exhibited 
clinical improvement when the dosage was increased 
to > 400  mg/kg every three weeks [13]. Additionally, 
research has demonstrated that individualizing the dos-
age of IgG is imperative to optimize clinical outcomes for 
patients with agammaglobulinemia [14]. Hence, moni-
toring the biological trough concentration of the drug 

Fig. 2  The sequencing map of patient. Pedigree diagram and sanger sequencing of the patients
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is pivotal in evaluating both efficacy and safety of the 
treatment regimen. Documenting longitudinal changes 
in clinical symptoms and serum IgG levels on a person-
alized basis is anticipated to augment patient care [15, 
16]. As patients with XLA have complete immunoglobu-
lin defects and develop severe and recurrent infections, 
early diagnosis would be beneficial for the improvement 
of their quality of life. By identifying the specific gene 
mutations responsible for XLA, healthcare profession-
als can provide targeted treatments and interventions 
to manage the condition effectively, individualizing the 
dosage of IgG is imperative to optimize clinical out-
comes for patients with agammaglobulinemia, which can 
significantly improve patients’ quality of life [14, 17]. In 
conclusion, the prognosis for patients with XLA can be 
favorably impacted through prompt diagnosis and the 
judicious use of immunoglobulin therapy. Immunological 
assays play a vital role in confirming immunodeficiency, 
necessitating collaboration with specialists for optimal 
management. Collaborating with immunologists and 
other specialists is essential for addressing the diagnostic 
challenges associated with atypical XLA.

Conclusion
This research aims to highlight that Mycoplasma pneu-
monia in individuals with X-linked agammaglobulinemia 
is a manageable condition. Health care providers are 
aware of the increased importance of early diagnosis of 
XLA so that patients can begin treatment quickly.
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