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A B S T R A C T   

Background: The role of antibodies in coronavirus disease 2019 (COVID-19) in patients with X-linked agam
maglobulinaemia (XLA) has yet to be characterised and clinical courses observed in this cohort of patients have 
been heterogeneous. Whilst some exhibit spontaneous recovery, others have experienced a more protracted 
disease length. Previous reports have described successful use of convalescent plasma, however there is a paucity 
of information around the use of the REGN-COV2 antibody cocktail in these patients. 
Case report: A patient with XLA was admitted to hospital with COVID-19 and remained persistently symptomatic 
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) swab positivity despite treatment with 
Remdesivir and dexamethasone. Attempts at modulating the immune response with anakinra were unsuccessful. 
Consent for compassionate use of REGN-COV2 was obtained with administration taking place on day 87 of his 
illness. This was followed by a period of convalescence and SARS-CoV-2 nasopharyngeal swab negativity. As a 
consequence of prolonged immunosuppression, the patient developed pneumocystis pneumonia. 
Conclusion: This case highlights the role of antibodies in clearing SARS-CoV-2 in a hypogammaglobulinaemic 
host and demonstrates the consequences of prolonged immunosuppression and delayed treatment. We propose 
that this may be of particular significance given the capacity of SARS-CoV-2 to develop advantageous mutations 
in a chronically infected host.   

Introduction 

Despite large-scale efforts, few antiviral therapies have been identi
fied to target severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2). This has far-reaching implications for those with impaired hu
moral (antibody-dependent) immunity. X-linked agammaglobulinemia 
(XLA), or Bruton’s agammaglobulinemia, is a primary immunodefi
ciency characterized by mutations in the Bruton tyrosine kinase gene 
leading to lack of production of mature B cells and hence lack of im
munoglobulins. So far, clinical courses described in patients with XLA 
and coronavirus disease 2019 (COVID-19) have been heterogeneous. 
Case reports observing recovery in this cohort of patients (Soresina et al., 
2020) suggest that a normal T-cell response may be sufficient to defeat 
the virus in some cases, however, others have observed a more pro
tracted disease length. Accounts of successful use of convalescent 
plasma in the latter have highlighted the role of antibodies in inducing 

viral clearance (Buckland et al., 2020; Mira et al., 2020; Hovey et al., 
2020; Jin et al., 2020). 

Regeneron’s REGN-COV2 is a cocktail of two monoclonal neutral
izing antibodies (REGN10987 and REGN10933) that target the SARS- 
CoV-2 spike protein. Previous human studies have demonstrated a 
greater reduction in SARS-CoV-2 viral load in non-hospitalized patients 
with COVID-19 treated with REGN-COV2 compared to placebo(Wein
reich et al., 2021) and it is currently being evaluated in phase 3 trials in 
the United Kingdom (RECOVERY), where its use has not yet been 
authorized. 

We report the case of a patient in London with XLA who experienced 
a prolonged disease course and recurrent nasopharyngeal SARS-CoV-2 
RT-PCR swab positivity in which viral clearance was achieved 
following co-administration of REGN-COV2 and remdesivir which has 
not been documented in the case literature before. 
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Case report 

A 29-year-old man with XLA receiving monthly subcutaneous 
immunoglobulin injections was admitted to hospital with a 13-day 
history of cough and fever which had not improved on oral antibi
otics. He had been well prior to this and had not had any complications 
related to his immunodeficiency for several years. On presentation, he 
was clinically well with normal vital signs and an unremarkable physical 
examination. Nasopharyngeal SARS-CoV-2 RT-PCR swab was positive 
on admission. He was not lymphopenic but inflammatory markers were 
elevated with a raised C-reactive protein (CRP) and serum ferritin 
(Fig. 1). A chest X-ray showed bilateral upper-mid zone shadowing. No 
treatment other than prophylactic dalteparin was administered and he 
was discharged home the following day (day 14 of symptoms). 

On day 20, he re-presented to hospital with worsening lethargy, 
fever of 39.6 ◦C and breathlessness on exertion. Blood tests at this point 
showed further increases in CRP and ferritin alongside a new rise in 
alanine aminotransferase (ALT). A repeated chest radiograph showed 
increased interstitial shadowing. He developed an oxygen requirement 
of 2 L/min and was started on a 10-day course of remdesivir alongside 
high-dose dexamethasone as per the hospital guidelines. We observed 
rapid clinical improvement with a reduction in CRP to within normal 
ranges. Remdesivir was ceased after 7 doses due to derangement in liver 
function tests and he was discharged on day 30. In spite of the use of 
remdesivir to enhance viral clearance, nasopharyngeal SARS-CoV-2 RT- 
PCR testing was positive at the beginning and end of admission with 
comparable cycle threshold values. 

He clinically deteriorated following discharge, prompting read
mission on day 34 with a return in oxygen requirement, fever and a CRP 
rise. SARS-CoV-2 RT-PCR testing remained positive. Blood cultures, 
urine cultures and respiratory virus PCR testing were negative. He 
received broad-spectrum antibiotics and a 5-day course of dexametha
sone once again resulting in rapid improvement in oxygenation and 
defervescence, accompanied by a fall in CRP from 150 to 12 mg/L. 

The recurrence of fevers and increasing ferritin levels upon with
drawal of dexamethasone prompted us to consider a COVID hyper- 
inflammation state driven by a dysregulated host response to ongoing 
SARS-CoV-2 infection (Mehta et al., 2020). A trial of the interleukin-1 
(IL-1) antagonist anakinra was initiated on day 48 and, though 
titrated according to response, failed to achieve equivalent improve
ments in clinical and laboratory parameters to dexamethasone. Hence, 
he was weaned onto dexamethasone monotherapy which resulted in the 
termination of fevers. During this admission, the decision was made to 
source experimental treatment to promote viral clearance and thus a 
request was made to Regeneron for compassionate use of REGN-COV2 
which was subsequently granted on day 73. Treatment was held due 

to consecutive nasopharyngeal SARS-CoV-2 RT-PCR swab negativity on 
days 72, 74 and 78, which, at the time, was thought to represent viral 
clearance. After a period of observation, he was discharged on day 80 to 
continue high-dose dexamethasone with outpatient follow-up. 

Despite favourable clinical progression before his discharge, there 
was deterioration in the community with the reappearance of fevers, 
limb pain, and worsening shortness of breath on exertion. SARS-CoV-2 
RT-PCR testing on day 83 returned positive and ferritin once again 
began to increase rapidly. Consent for experimental treatment with 
REGN-COV2 (dosed at 1200 mg of REGN10933 and 1200 mg of 
RGN10987) in conjunction with remdesivir was taken and administra
tion took place on day 87. We continued remdesivir for 3 days at which 
point a rise in ALT to 155 IU/L prompted its cessation. The patient’s 
SARS-CoV-2 antibody titres had been undetectable in the months prior 
to REGN-COV2 treatment but were detected with comparable titres both 
7- and 13-days post-infusion. There was an improvement in symptom
atology following treatment reflected by a reduction in serum ferritin to 
near-normal levels. Four negative SARS-COV-2 RT-PCR swabs were 
obtained before discharge on day 95 to complete a steroid weaning 
regime. 

Against hopes that this admission would be followed by a period of 
convalescence, the patient soon developed complications secondary to 
prolonged immunosuppression. He had two further hospitalisations in 
the following month with symptoms of fevers, cough and shortness of 
breath. We noted exertional dyspnoea accompanied by a significant 
oxygen desaturation. A high-resolution computed tomography chest 
scan showed ground-glass opacifications consistent with pneumocystis 
jirovecii pneumonia (PCP), and this diagnosis was confirmed on bron
choalveolar lavage sampling on day 119. All successive nasopharyngeal 
SARS-CoV-2 RT-PCR swabs (a total of 9) taken over the 34 days 
following REGN-COV2 infusion have not detected SARS-CoV-2 RNA. 
The patient underwent treatment with high dose clindamycin and pri
maquine due to an allergy to sulfa-containing drugs. There was resolu
tion of the PCP infection and, at the time of writing, the patient remains 
COVID-19 free. 

Discussion 

There have been several case reports of young patients with XLA who 
have developed SARS-CoV-2 infection with an atypical course. Some 
have recovered spontaneously with no need for specific treatment 
(Buckland et al., 2020), whilst other case reports have discussed the 
successful use of remdesivir(Mira et al., 2020) and convalescent plasma 
(Mira et al., 2020; Hovey et al., 2020; Jin et al., 2020) in treating these 
patients. As yet, there is no data published on the use of REGN-COV2 or 
anakinra in patients with XLA. Although the clinical course of disease in 

Fig. 1. Timeline of disease course and treatment from symptom onset. Abbreviations: Nasopharyngeal SARS-CoV-2 RT-PCR positive (+) or negative (− ).  
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patients with XLA has been heterogeneous, the severity has generally 
been mild to moderate without the need for admission to intensive care. 

In this case, virological response to the first course of the antiviral 
agent, remdesivir, was limited, as exhibited by viral persistence on 
SARS-CoV-2 RT-PCR. We acknowledge that the efficacy of remdesivir 
treatment in this case may have been limited due to early discontinua
tion in response to liver injury. However, the profound improvements in 
clinical and laboratory markers observed after REGN-COV2 and 
remdesivir co-administration following such a prolonged duration of 
illness supports the notion that antibodies are fundamental in inducing 
viral clearance in certain patients. This is in keeping with recent cases 
where convalescent plasma has precipitated recovery in patients with 
XLA. We acknowledge that there are other factors present that may have 
contributed to this clinical outcome; however, we feel that these cases 
highlight the pressing need for further investigations to explore the 
utility of monoclonal antibodies in patients with congenital agamma
globulinemia. This is of particular significance given the capacity of 
SARS-CoV-2 to undergo mutation in the chronically infected immuno
compromised host, with the potential to give rise to variants with 
increased virulence and transmissibility. 

As a consequence of persistent SARS-CoV-2 infection, our patient 
experienced a continuous dysregulated host response to the virus. Cor
ticosteroids, as used in this case, have been the mainstay of anti- 
inflammatory treatment in COVID-19. Due to static clinical progres
sion, we proposed that an increase in pro-inflammatory cytokine release 
was contributing to this patient’s ongoing hyperinflammatory state. An 
attempt at immunomodulation with the IL-1 antagonist anakinra, 
however, did not appear to produce as effective a result as steroid 
treatment. Indeed, a recent randomized control trial found that it failed 
to improve outcomes in patients with mild to moderate COVID-19 dis
ease (CORIMUNO-19 Collaborative group, 2021). Significantly, our 
patient went on to develop PCP as a result of prolonged immunosup
pression. In such patients with impaired humoral immunity, concomi
tant use of an antibody treatment alongside an antiviral treatment 
should be considered early in the course of the disease to address the 
underlying cause of infection and obviate the need for prolonged and 
unnecessary immunosuppression. Advice should be sought from a doc
tor with expertise in primary immunodeficiency. If immunosuppression 
is required, additional considerations should include rigorous moni
toring for opportunistic infection and use of antibiotic prophylaxis. 
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