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latrogenic immunosuppression can lead to prolonged viral
shedding and absent immune response to COVID-19

In the era of the COVID-19 pandemic, paediatricians need to re-
member that immunocompromised children might experience
prolonged viral shedding and impaired immunological response to
SARS-CoV-2. We report a girl diagnosed with an unresectable an-
giosarcoma of the liver who underwent liver transplantation in June
2019. The basic immunosuppression protocol consisted of tacroli-
mus and prednisolone. Additionally, she was on adjuvant treatment
with trametinib, a mitogen-activated protein kinase (MEK) inhibitor.

Eight months post-transplantation, she was diagnosed with in-
testinal Epstein-Barr virus (EBV)-associated post-transplant lymph-
oproliferative disease (PTLD) confirmed by biopsies. She was treated
with weekly doses of rituximab during four consecutive weeks with
clinical improvement and a decrease in EBV DNA serum levels to
undetectable within three weeks’ post-treatment.

Two months after completing rituximab treatment, our patient
developed fever and was diagnosed with COVID-19 by a positive
SARS-CoV-2 PCR test (nasal swab). She developed mild symptoms
including fluctuating fever and tiredness, but no upper-airway symp-
toms and maintained normal oxygen saturation and respiratory rate.
Liver function tests increased to a maximum of AST 282 I1U/mL,
ALT 324 1U/mL, bilirubin 16 umol/L, and the PK/INR was normal.
Fluctuating CRP, transaminases and bilirubin levels were noted in
the following weeks (Figure S1). The patient had clinically recovered
from COVID-19 two weeks after the onset of infection. However,
she subsequently experienced three recurrent episodes of fever and
mild upper-airway symptoms. During a period of 3 months from the
first day of symptoms, eight PCR tests for SARS-CoV-2 were posi-
tive. The viral load, as determined by cycle threshold (Ct values) of
positive PCR tests, dropped with time from a maximum of 13 at the
onset of symptoms, to 35 3 months later. Eventually, 3 months after
the first positive PCR test, she tested negative for SARS-CoV-2.
Repeated testing for SARS-CoV-2 IgG remained negative (Figure S1).

In October 2020, she again developed upper-airway symptoms
and fever. Serum levels of ALT, AST and CRP were elevated, and a
nasal swab was positive for SARS-CoV-2, adenovirus and rhinovirus.
She recovered clinically within a few days, and repeated nucleic acid
detection tests for SARS-CoV-2 in nasal and throat swabs as well as
in serum and stool were negative.

The SARS-CoV-2 PCR test taken in October was positive on two
different test platforms (targeting the viral envelope and the RNA

polymerase; NeuMoDx®) and thus considered true positive, with a
Ct value of 33.2, indicating very low number of viral copies and a low
risk of infectivity. The viral load was too low to allow for viral isolation
and sequencing. We were therefore unable to determine whether the
positive PCR test corresponded to an actual de novo SARS-CoV-2 in-
fection with a new strain or a reactivation of her former infection.

To elucidate this, a thorough immunological investigation was
carried out. A peripheral lymphocyte profile revealed very low
number of CD20+ B-lymphocytes, 0.07 x 10%/L (reference interval;
0.2-1.6 x 10°/L) and CD19+ B-lymphocytes, 0.08 x 10°/L (refer-
ence interval; 0.2-1.6 x 109/L). However, the number of CD3+ and
CD4+ T-lymphocytes was normal at 0.73 x 10%/L (reference inter-
val; 0.3-2.0 x 10%/L). The number of NK cells (CD16/+CD56+) was
also reduced at 0.05 x 107/L (reference interval; 0.09-0.9 x 10%/L).
Flow-cytometric assay of specific cell-mediated response in acti-
vated whole blood (FASCIA) analysis displayed neither CD8+ or
CD4+ response towards SARS-CoV-2 nor any other tested anti-
gens (ie pneumococci, tetanus, influenza, PPD, candida or varicella).
She demonstrated only weak reactions towards mitogens and su-
perantigens, indicating a broad T-cell suppression. Her peripheral
immunoglobulin levels were normal. Testing for vaccine immunity
demonstrated good antibody levels towards microbial agents that
she had previously been vaccinated against.

The outcome of COVID-19 in liver-transplanted adults and chil-
dren is comparable to outcome in immunocompetent patients, indi-
cating that the immunocompromised state alone does not predict a
more severe illness or higher mortality, possibly since the inflamma-
tory response is blunted.? The majority of healthy individuals de-
velop SARS-CoV-2 antibodies within 3 weeks after symptom onset,
but the antibody response can be delayed with prolonged viral shed-
ding in immunocompromised patients.®

Our patient was treated with rituximab shortly before acquir-
ing COVID-19. Rituximab is a potent B-cell depletion drug target-
ing CD20+ B cells. B-cell function is impaired for 6-12 months after
treatment, which is consistent with the finding of low CD 20+ B-cell
levels 8 months after rituximab treatment. Adults on rituximab treat-
ment who acquire COVID-19 often remain seronegative with pro-
longed viral shedding and have a more severe disease outcome.* The
recent rituximab treatment most probably diminished our patient's

ability to mount an antibody response and clear the virus.
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The patient was treated with tacrolimus and low-dose predniso-
lone. Tacrolimus is a calcineurin inhibitor that impairs cytotoxic T-cell
function and indirectly affects B-cell function and antibody produc-
tion by suppression of T helper cells. Tacrolimus and prednisolone
treatment in transplanted patients do not lead to higher mortality or
worse clinical outcome of COVID-19.2

Additionally, the adjuvant cancer treatment with trametinib, a
cytotoxic MEK-inhibitor, is known to significantly reduce T-cell pro-
liferation, cytokine production and antigen-specific expansion of
both CD4+ and CD 8+ cells, but has no or only mild impact on T-cell
viability.” Hence, the patient's immunosuppressive and cancer treat-
ment seem to have resulted in an immunocompromised state with
normal levels of CD 4+ and CD 8+ cells, whereas antigen (including
SARS-CoV-2) specific T-cell proliferation was undetectable, which
impaired clearance of SARS-CoV-2.

Heavy immunosuppression including combined B- and T-cell de-
ficiency impaired the patient’s ability to clear SARS-CoV-2, result-
ing in prolonged viral shedding and PCR positivity where viral load
was finally suppressed to undetectable levels but infection probably
not completely cleared. This implies future risk of recurrent viral
reactivation. It is quite likely that immunocompromised patients
with reduced B- and T-cell functions will not respond adequately to
SARS-CoV-2 vaccines. These patients need to be closely monitored
during the COVID-19 pandemic.
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Additional supporting information may be found online in the
Supporting Information section.
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