Possible COVID-19 reinfection in a patient with X-
linked agammaglobulinaemia
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SUMMARY

This report highlights the case of a patient with X-
linked agammaglobulinaemia (XLA) and resultant
bronchiectasis who was discharged from hospital after
recovering from real-time reverse transcriptase-PCR
positive COVID-19 infection having had a subsequent
negative swab and resolution of symptoms, but was
readmitted 3 weeks later with recrudescent symptoms
and a further positive swab. Although there are reports
of COVID-19 infection in XLA, for the first time we report
a case of possible reinfection. Lessons learnt from this
case include the potential for reinfection of COVID-19
in a patient with a weakened immune system and the
importance of repeating COVID-19 swabs in inpatients.
Extra caution needs to be taken when providing care

in groups of patients who have a weakened or absent
immune system.

BACKGROUND
The global COVID-19 pandemic has had an unpar-
alleled impact on the health, social and economic
well-being of the human population worldwide,
spreading rapidly between cities since it began to
breakout in Wuhan city, China in December 2019
via person-to-person transmission." Given the
immense scale of this pandemic, understanding
how individuals gain immunity from this virus has
been critical in efforts to develop a vaccine and to
reduce transmission. The current understanding
is that once infected, the majority of individuals
develop antibodies, at least for a period of time, the
mechanism of which is not well understood.

Real-time reverse transcriptase-PCR (rRT-PCR)-
based assays performed on respiratory samples
are the gold standard for diagnosing COVID-19.
Despite this, questions still remain in screening
asymptomatic people who are in the incubation
phase of the virus, as well as in the accurate deter-
mination of live viral shedding during convales-
cence to decide when isolation ends.” rRT-PCR is
valuable at the early stage of infection, when the
viral load is lowest and can differentiate it from
other similar viruses, due to its sensitivity and speci-
ficity, respectively.” The advantages of rRT-PCR are
that it detects RNA prior to infectivity and antibody
formation, however the test has low sensitivity, low
stability and a long processing time. In addition,
there are reports of false negative in subjects for up
to 2 weeks.”™

Here we report on the case of a patient with
X-linked agammaglobulinaemia (XLA) who was
discharged from hospital after recovering from
COVID-19 and having a negative rRT-PCR result
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following a positive rRT-PCR when he was symp-
tomatic. He was then readmitted with symptoms
of COVID-19 and a positive swab result 3 weeks
later. There are previous reports of patients with
agammaglobulinaemia contracting COVID-19 and
recovering, however to our knowledge there are no
case reports of patients with XLA being potentially
reinfected.

CASE PRESENTATION

The patient was a 55-year-old man with a back-
ground of X-linked primary immunodeficiency
with resultant bronchiectasis and type 2 respira-
tory failure. He required home oxygen and had a
20 year-pack smoking history. He had previously
declined lung transplantation. In April 2020, he
presented with increasingly purulent sputum, fever
and breathlessness, and a COVID-19 rRT-PCR swab
taken on admission was negative. Despite treatment
with intravenous antibiotics, prednisolone, physio-
therapy and bronchodilator therapy, his condition
worsened with persistent fever, headache, myalgia
and chest tightness. Chest X-rays taken 1week
apart showed progressive middle zone changes (see
figure 1). A further COVID-19 swab at 10 days was
positive. Intravenous antibiotics were changed and
oral azithromycin added. He continued to have
swinging fevers and a CT pulmonary angiogram
showed ground glass changes typical of COVID-19,
but no pulmonary embolism. His clinical condition
improved and at 29 days a repeat COVID-19 rRT-
PCR swab was negative. He was given standard
immunoglobulin replacement therapy at a lower
dose, his intravenous antibiotics were stopped, but
he continued on oral azithromycin and a reducing
course of prednisolone. He was discharged after 37
days in hospital. After being well at home initially,
he gradually became more short of breath, fevers
returned and he was readmitted 19 days later. A
COVID-19 rRT-PCR swab on readmission was posi-
tive, but a SARS-CoV-2 antibody test was negative.
He was treated with dexamethasone, intravenous
antibiotics and prophylactic anticoagulation; and
although he initially improved on this regime and
the fevers settled, he became more oxygen depen-
dant and at the patient’s request he was discharged
home with palliative care support. He died at home
soon after discharge.

INVESTIGATIONS
Blood results

TREATMENT
During the admissions, along with standard severe
chest infection therapies, he received prednisolone,
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Figure 1
19-related changes.

prophylactic anticoagulation, dexamethasone and oral azithromycin
targeted towards COVID-19.

OUTCOME AND FOLLOW-UP
Unfortunately, the patient died at home shortly after the second
discharge from hospital.

DISCUSSION

The development of natural immunity to an infecting pathogen
takes place over 1-2 weeks. Initially, non-specific innate responses
to viral infections occur, in which macrophages, neutrophils and
dendritic cells slow the progress of the virus and may prevent symp-
toms. This is followed by the production of antibodies (immuno-
globulins) which target the virus, and subsequent cellular immunity
conferred by the production of T-cells, recognise which destroy
other infected cells. This combined adaptive response may clear the
virus and prevent progression or reinfection, and can be measured
by the presence of antibodies in the blood.® Primary immunodefi-
ciency disorder is a heterogeneous group of disorders that affects the
immune system and can be divided into adaptive immunity (T-cell,
B cell or combined immunodeficiencies) or of innate immunity (eg,
phagocyte and complement disorders).” In XLA, mutation of the
gene that encodes for Burton tyrosine kinase causes inability of B
cells to mature and differentiate such that antibody production is
deficient with impaired humoral immunity. In our patient, his white
cell count differential revealed a total lack of CD19 receptors (see
table 1 and table 2). Although the mechanism of immune response in

Table 1 Clinical chemistry value of the patient

21 April (first 14 June (second Normal

admission) admission) values
Lymphocytes (x1 0°/L) 0.6, 1.0 (26 April) 0.6 1.0-3.5
C reactive protein (mg/L) 86, 63 (26 April) 258 <5
Lactate dehydrogenase (U/L) 233 (26 April) - <250
D-dimer (ng/mL) 364 (7 May) 777 (17 June) 0-500
Alanine transaminase (U/L) 28, 59 (26 April) 25 <35

Plain film chest X-ray for patient taken on 20 April 2020 and 14 June 2020, respectively, demonstrating the progressive mid-zone COVID-

COVID-19 is still not well understood, it is known COVID-19 elicits
arobust B cell response, as evidenced by the rapid and near-universal
detection of virus-specific IgM, IgG and IgA, and neutralising IgG
antibodies (nAbs) in 1-2weeks of infection.® In one study where
CD19+ IgG+ memory B cells were single-cell sorted from a cohort
of eight COVID-19 donors between days 9 and 28 after the onset
of symptoms, 209 SARS-CoV-2-specific monoclonal antibodies
were produced.” Although there are reports of nAbs being present
54 days after symptom onset,'® other coronaviruses such as 229E,
NL63 and OC43 do not confer long-term immunity.'! As regards

Table 2 Lymphocyte subsets of the patient 16 June 2017

Result Normal values
Lymphocyte subsets (immunophenotyping)
(D3 (%) 88 47-79
CD3 count 1.328x10%/L 0.630-3.000
CD4 (%) 75 28-48
CD4 count 1.135x10°/L 0.430-1.820
CD8 (%) 13 17-33
CD8 count 0.205 x 10°/L 0.250-1.200
CD4: CD8 ratio 5.53
D19
CD19 (%) 0 0.120-0.670
CD19 count 0.000x10°1L
CD56/CD16 (NK cells)
CD56/CD16 (%) 12 0.200-1.200
CD56/CD16 (NK cells) 0.183x10%/L

NK, natural killer.

Patient’s perspective

| am grateful for the care given by the hospital, especially the
physiotherapy team who encouraged me greatly during my stay
at the hospital.
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Learning points

» Patients with X-linked agammaglobulinaemia may be unable
to produce antibodies against COVD-19 causing persistent
infection.

» Patients should have two COVID-19 swabs taken to lower the
chance of one being a false negative.

» This underlines the importance of shielding vulnerable
patients from COVID-19 until a long-term immunity solution
is achieved.

» It is hoped that more studies will be a platform so that a
common criteria for identification of reinfection of SARS-
CoV-2 can be developed.

» Further studies on reinfection could pave the way for the
development of an effective vaccine against SARS-CoV-2.

‘re-positive’ cases, where there is a further positive test after recovery
from COVID-19 and a subsequent negative nasopharyngeal swab,
an analysis of 285 re-positive cases did not find them to be infec-
tious.'? A study in three paediatric patients showed that clearance of
SARS-CoV-2 in the respiratory tract occurred within 2 weeks after
resolution of fever, whereas viral RNA remained detectable in stools
of the patients for longer than 4 weeks."

Twenty-nine cases of suspected reinfection with SARS-CoV-2
have been reported to date, of which two were known to be
immunocompromised due to daily steroid use.'*'” There are
reports of patients with XLA recovering from COVID-19 infec-
tion,'® but none of recurrence. As regards recurrence, in previous
studies there was speculation as to whether it was true reinfec-
tion or that the PCR test had remained positive for a period of
time following initial infection, whether tests may be intermit-
tently negative if the viral concentration is low in the sampled
material, and finally that variability in the number of swabs
taken between the first and suspected second infection may have
contributed." ' In keeping with this, common criteria for the
definition of reinfection have yet to be ascertained.' In our
patient, given that his immune system was deficient, persistence
of viral excretion is always possible but the negative swab and
improvement in symptoms and clinical condition prior to first
discharge make this less likely. Likewise, although there is an
algorithm for investigation and treatment of pneumonia in the
immunocompromised, the insidious onset coupled with typical
imaging and clinical features make COVID-19 more likely. We
therefore believe that this is the first report of possible rein-
fection with COVID-19 in a patient with the XLA. However,
reinfection could only be confirmed through viral sequencing,
indicating that this manoeuvre should be considered in cases of
possible reinfection with this virus.
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