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Abstract: X-linked agammaglobulinemia (XLA) is a primary immunodeficiency characterized by
marked reduction in serum immunoglobulins and early-onset infections. Coronavirus Disease-
2019 (COVID-19) pneumonia in immunocompromised patients presents clinical and radiological
peculiarities which have not yet been completely understood. Very few cases of agammaglobulinemic
patients with COVID-19 have been reported since the beginning of the pandemic in February 2020.
We report two cases of migrant COVID-19 pneumonia in XLA patients.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. The typical radiological find-
ings include bilateral and peripheral ground-glass opacities (GGOs) with or without patchy
areas of consolidation [2–4]. The same disease in some groups of patients may present
clinical and radiological peculiarities which have not yet been completely understood. In
particular, immunosuppression can modulate the destructive effect of the immune system,
slow down virus clearance, and change the expected course of the disease [5].

X-linked agammaglobulinemia (XLA) is a primary immunodeficiency characterized
by marked reduction in serum immunoglobulins and by early-onset infections. The gene af-
fected in XLA, Bruton tyrosine kinase (BTK), is located on the X-chromosome and its critical
role in B cell development is evident by the universal B cell deficiency and absent precursor
B cell differentiation in the bone marrow in patients with pathogenic mutations [6,7]. We
report two cases of COVID-19 pneumonia with migratory pattern in XLA patients.

2. Case Descriptions
2.1. Case 1

On 1 April 2020, a 26-year-old patient affected by XLA was admitted to a tertiary hos-
pital in northern Italy for fever, anorexia, and vomiting. The patient received intravenous
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immunoglobulin injections every three weeks, but his general condition was good, and he
was on no other chronical treatments. A chest X-ray performed on the day of admission
showed bilateral GGOs involving the lower zones of both lungs. Nasopharyngeal swab
tested positive for SARS-CoV-2.

Based on these findings, treatment for COVID-19 with dexamethasone (6 mg/day)
and hydroxychloroquine (200 mg twice a day) was started. On April 8th, intravenous
immunoglobulin administration (standard dose of 0.4 g/kg in single dose) was also ad-
ministered. His baseline IgG value upon admission was 6.88 g/L (normal range 7–16 g/L).
No oxygen supplement was needed but fever persisted over the following days, therefore
antibiotic therapy with piperacillin/tazobactam was started on day 14 of hospitalization.
Blood cultures were performed before the start of the antibiotic, but they were negative.
Since he had been followed by our institutions for many years for his diagnosis of XLA„ he
was transferred to our hospital on April 16th to continue his treatment for COVID-19. Treat-
ment with dexamethasone and the antibiotic was continued and remdesivir was initiated,
but it had to be discontinued due to liver toxicity. He also developed a skin rash which
resolved spontaneously. No skin biopsy was performed. Fever and RT-PCR positivity
on nasopharyngeal swab persisted, but no other antibiotic regimen was administered
because of the lack of clinical, laboratory and radiological signs of bacterial superinfection.
Furthermore, treatment with biological drugs was excluded because of the absence of a
hyperinflammatory state.

A weekly chest computed tomography (CT) follow-up was performed during hos-
pitalization and a peculiar radiological pattern was observed. On day 1 (Figure 1A), CT
scan showed bilateral GGOs with small areas of consolidation in both lungs; on day 15
(Figure 1B), a migratory pattern of pulmonary opacities was observed, with a significant
regression of GGOs in the lower lobes. Chest CT scans were also performed on day 22 and
28 (Figure 1C) and in both cases they showed a gradual regression of pulmonary opacities
with appearance of new areas of both GGO and consolidation in different lung zones.
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Figure 1. Series of axial computed tomography images with lung window setting, obtained at day 
1 (A), day 15 (B) and day 28 (C) post-hospitalization, showing transient and migratory ground-glass 
opacities with small areas of consolidation in both lungs. 
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On 7 December 2020, a 41-year-old patient affected by XLA was admitted to a tertiary 

hospital in northern Italy for febrile symptoms but with no other manifestations. The 
patient suffered from chronic sinusitis and was in otherwise good clinical conditions. He 
worked as a butcher. His SARS-CoV-2 nasopharyngeal swab resulted negative. A chest 
X-ray, performed on the day of admission, showed pulmonary opacities in the upper zone 
of the right lung. Based on the patient’s background and occupation, the main clinical 
suspicion was of mycobacterial pneumonia. A CT scan, performed at day 3 post-
hospitalization, showed some GGOs with small areas of consolidation, interpreted as 
interstitial pneumonia (Figure 2A). On day 4, the patient underwent bronchoscopy with 
collection of bronchoalveolar lavage, which tested positive for SARS-CoV-2. Treatment 
with dexamethasone, enoxaparin and remdesivir was initiated, along with 
piperacillin/tazobactam and levofloxacin to prevent bacterial superinfection. No oxygen 
supply was needed. The inflammatory biochemical markers were not significantly 
increased. Ten days later, for a worsening of pulmonary gas exchange, a contrast-
enhanced chest CT scan was performed. It excluded pulmonary embolism; however, a 
migratory pattern of pulmonary opacities was observed (Figure 2B). 

Figure 1. Series of axial computed tomography images with lung window setting, obtained at
day 1 (A), day 15 (B) and day 28 (C) post-hospitalization, showing transient and migratory ground-
glass opacities with small areas of consolidation in both lungs.

Subsequently, the radiological follow-up was continued with chest X-rays on day 35
and 41 and both examinations showed a progressive resolution of the pulmonary opacities
in the lower zones with a persistence of consolidations in the upper zones. Respiratory gas
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exchange was always preserved, without the need of oxygen supply. Moreover, the bio-
chemical inflammation markers did not show a presence of hyperinflammation syndrome.
The median C reactive protein (CRP) value during hospitalization was 17.6 mg/L (IQR
0.5–45.6 mg/L, normal range < 5 mg/L). A more frequent administration of intravenous
immunoglobulins (in median every 7–10 days), to guarantee the maintenance of IgG levels
in the normal range lead to the resolution of fever. The patient was discharged on day 42,
apyretic, but with nasopharyngeal swab still positive for SARS-CoV-2. The only treatment
continued after his discharge was intravenous immunoglobulin.

The negative nasopharyngeal swab was obtained on day 66, after more than 2 months.

2.2. Case 2

On 7 December 2020, a 41-year-old patient affected by XLA was admitted to a tertiary
hospital in northern Italy for febrile symptoms but with no other manifestations. The
patient suffered from chronic sinusitis and was in otherwise good clinical conditions. He
worked as a butcher. His SARS-CoV-2 nasopharyngeal swab resulted negative. A chest
X-ray, performed on the day of admission, showed pulmonary opacities in the upper zone
of the right lung. Based on the patient’s background and occupation, the main clinical suspi-
cion was of mycobacterial pneumonia. A CT scan, performed at day 3 post-hospitalization,
showed some GGOs with small areas of consolidation, interpreted as interstitial pneu-
monia (Figure 2A). On day 4, the patient underwent bronchoscopy with collection of
bronchoalveolar lavage, which tested positive for SARS-CoV-2. Treatment with dexam-
ethasone, enoxaparin and remdesivir was initiated, along with piperacillin/tazobactam
and levofloxacin to prevent bacterial superinfection. No oxygen supply was needed. The
inflammatory biochemical markers were not significantly increased. Ten days later, for a
worsening of pulmonary gas exchange, a contrast-enhanced chest CT scan was performed.
It excluded pulmonary embolism; however, a migratory pattern of pulmonary opacities
was observed (Figure 2B).
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CoV-2 RNA tested positive again. Following a rheumatologic examination on account of 
the skin rash and joint pain, the patient was diagnosed with concomitant Still-like disease, 
and corticosteroids and intravenous anakinra (100 mg/day) were initiated, to which the 
patient responded well, with regression of both the skin rash and the joint pain. On day 
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During his whole hospitalization period, the median CRP value was 28.8 mg/L (IQR 
0.9–81.6 mg/L) and his IgG levels were kept in the normal range, thanks to regular 
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Anakinra dosage was doubled, and oral prednisone was switched to high dose 
intravenous dexamethasone (10 mg twice a day). Given the unique features of his COVID-
19 disease, monoclonal antibody bamlanivimab was requested and obtained, and was 
administered on 22 March, with no adverse reactions. Nasopharyngeal swabs were 
performed on 23 and 26 March and resulted negative for SARS-CoV-2. The patient 
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Figure 2. Series of axial computed tomography images with lung window setting, obtained at
day 3 (A), day 16 (B), and day 44 (C) post-hospitalization, showing a similar migratory pattern of
COVID-19 pneumonia.

On day 18, the patient developed a significant skin rash that was considered to be
caused due to an allergic reaction to antibiotics. Piperacillin/tazobactam and levofloxacin
were discontinued with no rash regression. Dexamethasone was continued and slowly
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reduced. Control nasal swabs resulted negative. The patient’s conditions during the
following 20 days improved significantly, until day 43, when he suddenly developed high
fever, desaturation and arthralgia. Therefore, another contrast-enhanced chest CT scan was
performed to exclude pulmonary embolism and evaluate the trend of lung abnormalities.
Again, no pulmonary embolism was observed; however, new peripheral GGOs were
detected in both lungs (Figure 2C). A bronchoscopy was repeated, and SARS-CoV-2 RNA
tested positive again. Following a rheumatologic examination on account of the skin
rash and joint pain, the patient was diagnosed with concomitant Still-like disease, and
corticosteroids and intravenous anakinra (100 mg/day) were initiated, to which the patient
responded well, with regression of both the skin rash and the joint pain. On day 88, he was
released from the hospital with oral prednisone and subcutaneous anakinra.

During his whole hospitalization period, the median CRP value was 28.8 mg/L (IQR
0.9–81.6 mg/L) and his IgG levels were kept in the normal range, thanks to regular im-
munoglobulin administration. However, at home he once more began experiencing high
fever and desaturation, and on March 15th he was readmitted to the hospital. Nasopha-
ryngeal swab and bronchoalveolar washing fluid examination highlighted the presence
of SARS-CoV-2.

Anakinra dosage was doubled, and oral prednisone was switched to high dose intra-
venous dexamethasone (10 mg twice a day). Given the unique features of his COVID-19
disease, monoclonal antibody bamlanivimab was requested and obtained, and was admin-
istered on 22 March, with no adverse reactions. Nasopharyngeal swabs were performed
on 23 and 26 March and resulted negative for SARS-CoV-2. The patient remained asymp-
tomatic. On 29 March he was eventually discharged on anakinra and oral prednisone until
further rheumatological indications.

3. Discussion

Italy was the first western country afflicted by COVID-19 pandemic and in particular
Lombardy region was at the epicenter of the pandemic in Italy [8–10]. Since the outbreak
of the SARS-CoV-2 pandemic in March 2020, many steps have been taken to comprehend
this disease and its clinical and radiological manifestations. Chest CT has a potential role in
the diagnosis, detection of complications and prediction of sequelae in COVID-19 patients.
Several studies have been published reporting chest CT findings in COVID-19. The “typi-
cally” observed course is as follows: early stage COVID-19 often produces a GGO pattern
with vascular enlargement located in the lower lobes with a posterior predominance. These
findings progress to increased GGO and crazy paving pattern, then tend to consolidate,
and the latter stage is characterized by a gradual decrease in the consolidation and GGOs,
with eventual fibrosis onset [2,11–15].

Although this seems to be the most frequent presentation of COVID-19 pneumonia, a
variety of other radiological manifestations has been described in the literature. The lack
of a univocal pathognomonic pattern prompts us to investigate the clinical and radiolog-
ical evolution of COVID-19 in different populations. Do immunocompromised patients
with COVID-19 have different clinical and/or radiological presentations than the general
population? [16].

Little is known about the spectrum of clinical presentations of COVID-19 in immuno-
compromised patients. Very few cases of COVID-19 in XLA patients have been reported in
the literature to so far [17,18].

COVID-19 pneumonia in the majority of XLA patients, according to the literature,
presented with overall mild symptoms, but rarely with respiratory failure requiring oxygen
supplementation. Pharmacological BTK-inhibition has been reported to attenuate hyperin-
flammation in COVID-19, and dysfunctional BTK has been suggested as an explanation
for mild disease in some patients with XLA. It can be hypothesized that the absence of
humoral response protected from the immunopathology driven by SARS-CoV-2 specific
antibodies with hyperinflammation [19,20]. In the literature, the most common reported
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features include persistent fever, radiological evidence of bilateral interstitial pneumonia
and delayed viral shedding, sometimes up to months after the first positive swab [21–27].

In a recent systematic review, Drzymalla et al., estimated a case fatality rate of 9%,
hospitalization rate of 49%, and oxygen supplementation rate of 29% in people with primary
immunodeficiency.

Overall, people with primary immunodeficiency, when infected, tested positive and
showed symptoms for similar lengths of time as the general population. However, a
number of patients with XLA were reported to have prolonged infections [28].

Here, we reported two cases of patients affected by XLA with prolonged SARS-CoV-2
infection and peculiar CT findings. Both patients presented with extensive bilateral GGOs
which underwent complete resolution; however, follow-up CT showed new pulmonary
opacities in different areas of both lungs without evidence of fibrotic changes.

If we take a closer look at their radiological findings, they appear compatible with the
persistence of an initial pneumonia (GGO with or without small areas of consolidation),
which however never seems to progress to more advanced stages of disease as observed in
immunocompetent COVID-19 individuals (Figures 1 and 2). Another interesting finding in
both cases is the migratory pattern of pulmonary opacities (Figures 1 and 2).

These radiological features are compatible with the presence of an initial alteration of
the lung parenchyma without further progression to more advanced stages of disease, as
it would be expected during COVID-19 pneumonia. Why does this happen? A probable
hypothesis could be, it is because of the lack of immunomediated response in patients
affected by XLA, which impairs the establishment of a proper inflammatory reaction.

On the other hand, we believe that COVID-19 should be included in the differential
diagnosis of migratory pulmonary opacities along with cryptogenic organizing pneumonia
(OP) and secondary OP (associated with a large variety of predisposing conditions, such
as immunological diseases and lymphoproliferative disorders). OP is a sub-acute process
of pulmonary tissue repair secondary to lung injury, defined histopathologically by intra-
alveolar buds of granulation tissue within the lumen of distal pulmonary airspaces. It can
be either cryptogenic or secondary (SOP) to different clinical conditions, namely infections.
OP secondary to viral infections are usually suspected when the patient, after an initial
improvement, clinically worsens with reappearance of fever, increasing inflammatory
markers and damaged oxygen exchange and respiratory mechanism [29–31].

Very few cases of OP in patients with COVID-19 were described [32–34]. In particular,
two cases of OP were observed in hematologic patients, where chest CT scans showed
migratory pulmonary opacities without signs of pulmonary thromboembolism. A pre-
sumptive diagnosis of OP was made on the basis of prolonged clinical progression and
typical CT findings [35,36].

OP, confirmed radiologically and histologically, as an active and sometimes aberrant
lung repair process, may represent the evolution of COVID-19 in patients with immunological
disorders, with mild to moderate disease and no development of hyperinflammatory state.

In conclusion, primary immunological defects determine responses to external in-
sults, such as viral infections, that cannot always be predicted. Though very few cases of
agammaglobulinemic patients with SARS-CoV-2 have been reported since the beginning
of the pandemic in February 2020, the particular findings presented here suggest that
migrant pneumonia could be a further radiological pattern of COVID-19, typical, but not
necessarily exclusive, in immunosuppressed patients. Further studies are required to deter-
mine whether these findings could be considered recurrent radiological manifestations of
SARS-CoV-2 infection in primary immunodeficient patients. Finally, clinicians involved in
the COVID-19 fight need to be aware that migrant pneumonia is a possible new clinical
and radiological manifestation of this disease.
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