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Clinical Implications
� A patient with X-linked agammaglobulinemia was
infected with severe acute respiratory syndrome
coronavirus 2 and presented a 40-day long and stagnant
clinical evolution refractory to treatment. The patient
received a single dose of coronavirus disease 2019
convalescent plasma and experienced a rapid clinical
improvement within 1 week of infusion.
The high infectivity of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the lack of preexisting immunity
among the population, and the complexity of the coronavirus
disease 2019 (COVID-19) clinical presentation are some of the
underlying reasons of the ongoing worldwide health crisis.
Antibodies play relevant roles in antiviral responses,1 and hence,
patients with compromised specific humoral immunity may be at
increased risk to suffer from severe forms of the disease. In fact, 3
recent studies described the clinical evolution of 6 patients with
common variable immunodeficiency (CVID), 3 patients with x-
linked agammagloblulinemia (XLA) (OMIM# 300755; Bruton’s
disease), and 1 patient with autosomal agammaglobulinemia.2-4

However, the mild clinical presentation in agammaglobulin-
emic patients, as opposed to the former, prompted speculations
that antieSARS-CoV-2 antibodies may be dispensable in
clearing the disease.4 This would highlight the relevance of T-cell
responses and the significance of antieSARS-CoV-2 T-cell
exhaustion in the ultimate progression of the disease.5 However,
administration of hyperimmune plasma was beneficial in some
immunocompetent patients with COVID-19.6

We report the case of a 39-year-old male patient with
XLA, receiving monthly immunoglobulin replacement
therapy, admitted to our hospital with dyspnea, dry cough, and
fever of 2-week duration. Chest X-rays showed unilateral alveolar
condensation, and quantitative PCR (qPCR) amplification of
SARS-CoV-2 from a nasopharyngeal exudate sample confirmed
the diagnosis of COVID-19. The patient received hydroxy-
chloroquine (400 mg/12 h, the first day; 200 mg/12 h, 4 days,
orally), azithromycin (500 mg/24 h, 5 days, orally), and ceftriax-
one (2 g/24 h, 7 days, intravenous [IV]) and a single dose (0.3 g/kg)
of IV immunoglobulins. No supplemental oxygen was required.
In spite of a favorable initial clinical evolution, fever persisted
and intense asthenia appeared. Therefore, empirical therapy
against nosocomial germs was started with piperacillin/tazo-
bactam (4 g/0.5 g/8 h, IV) and linezolid (600 mg/12 h, IV).
SARS-CoV-2 qPCR test result remained positive on day 11 after
admission. On day 15 computed tomography showed extensive
bilateral pulmonary involvement in the form of nodular con-
solidations in ground glass with underlying interstitial pattern
(Figure 1, upper panel). Blood, sputum, stool, and urine cultures
were negative. Infections by other respiratory viruses (adenovirus,
metapneumovirus, rhinovirus, and respiratory syncytial virus), as
well as the presence of opportunistic germs such as Pneumocystis
jiroveci, cytomegalovirus, EBV, Mycoplasma pneumoniae,
aspergillus, leishmania, and brucella, were all excluded. A third
SARS-CoV-2 qPCR was carried out on day 21 after admission
and the result remained positive.

Stagnancy in the patient’s evolution, as represented by the lack
of response to any of the treatments dispensed (including a
second pulse of nonspecific immunoglobulins at 0.8 g/kg/24 h
and aggressive antibiotic therapy), together with persistent fever
and bilateral pneumonia, prompted us to consider the possibility
that natural killer (NK)-cell and T-cell exhaustion might be an
underlying cause for immunologic failure, as shown elsewhere.5

We assessed this possibility in lung lymphoid populations ob-
tained by bronchoalveolar lavage on day 21 after admission, and
they consisted of CD3þCD8þ (86%) and CD3þCD4þ T
lymphocytes (11.5%) and CD56þCD16þ NK cells (2.5%).
Staining of intracellular cytokines in stimulated CD8þ cells
showed negligible production of TNF-a or IFN-g (Figure 2, A,
middle and bottom panels).

Because of the resulting lymphocyte phenotype, we reasoned
that, in the absence of functional B cells, viral clearance would
not be possible. Hence, we administered on day 23 after
admission compassionate-use approved COVID-19 convalescent
donor plasma (200 mL, single dose, IV). The plasma was
analyzed by an ELISA (COVID-19 ELISA IgG, Vircell SL,
Granada, Spain), which detected IgG antibodies against either
the spike or nucleocapside viral proteins with a titer greater than
or equal to 1/320. After 24 hours of infusion, fever ceased
without subsequent reappearance and with progressive
improvement of asthenia. After 48 hours of infusion, qPCR from
nasopharyngeal exudate failed to amplify SARS-CoV-2
sequences.

On day 30 after admission, that is, 1 week after administration
of COVID-19 convalescent donor plasma, the patient remained
asymptomatic and a chest tomography showed almost complete
resolution of bilateral lung lesions (Figure 1, lower panel).
Furthermore, a vigorous recovery in the peripheral T-lymphocyte
subpopulations (CD3þ, CD4þ, and CD8þ) was observed,
whereas NK-cell counts slightly increased (Figure 2, B). Hence,
the patient was subsequently discharged and remains COVID-19
free.

Although cumulative cases of SARS-CoV-2einfected patients
suffering from primary antibody immunodeficiencies are limited,
it appears that individuals devoid of B cells (agammaglobulin-
emia) have a milder presentation and course than those with a
partial B-cell repertoire (CVID).2-4 This observation is
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FIGURE 1. Upper panel: CT displaying bilateral pulmonary
involvement in the form of nodular consolidations and ground-
glass opacities primarily in the left lower lobe (red arrow) and
small-size left pleural effusion (black arrow). Lower panel: CT of
the chest 6 days after COVID-19 convalescent donor plasma
transfusion showing almost complete resolution of bilateral lung
lesions pattern. CT, Computed tomography.
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strengthened by the finding that pharmacological blockade of
Bruton tyrosine kinase results in diminished lung inflammatory
response by inhibiting overproduction of macrophage-mediated
cytokines.7 The evolution of our patient was consistent with
those observations until day 15 of admission, when he suffered a
rapid deterioration in his condition accompanied by a lack of
cytokine production by lung T and NK cells. If this lack of
functional responses was the consequence of cell exhaustion, we
should bear in mind that T-cell responses involve triggering of
multiple epitope-specific clones, and not all may be equally prone
to functional blockade.8 Therefore, local silencing of immuno-
dominant clones may hamper the overall immune response.

The remarkable and prompt recovery observed after infusion
of convalescent plasma suggests that certain patients may have
stringent dependency on specific antibodies to achieve viral
clearance. Although this is a single case and therefore the
observation could be coincidental and we have not formally
established a cause-effect relationship, we nevertheless propose
that administration of COVID-19 hyperimmune plasma should
be further explored as first line of treatment for patients
with congenital agammaglobulinemia, especially while SARS-
CoV-2especific antiviral drugs remain unavailable. Previous
clinical cases suggest that B cells may have a prominent role in
triggering lung inflammation3; in this scenario, defective
germinal center formation due to the primary immunodeficiency
would divert IL-6 intended for that process toward lung
inflammation, thus raising the possibility of a B-cell interference
as therapeutic intervention.3 However, our data suggest a critical
role of B cells in clearing the disease when certain immunologic
conditions are present.

In summary, even though administration of passive immunity
for patients with primary immunodeficiency has just been
proposed,9 this is the first report showing a rapid recovery of a
patient with a primary antibody immunodeficiency after
administration of hyperimmune plasma. Although it should be
kept in mind whether the patient reported here was idiosyncratic
and might not represent a prototypical patient with XLA (despite
carrying a common Bruton tyrosine kinase gene mutation), our
data merit further investigations to determine the precise clinical
benefit of hyperimmune plasma in other antibody-deficient
patients, as well as optimal dose and timing of its administration.
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FIGURE 2. (A) Flow cytometric double fluorescence analysis of CD8 cells showing coexpression of surface CD3 (upper panel) and
intracytoplasmic TNF-a (middle panel) or IFN-g (lower panel) after cell stimulation. (B) Blood peripheral T lymphocytes and NK-cell counts
determined on days 0, 3, and 7 postinfusion of COVID-19 convalescent plasma.
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