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Coronavirus disease 2019 (COVID-19) is an emerging novel
infectious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The virus was first described in
Wuhan, China and meanwhile is spreading worldwide.! Many
studies all over the world suggest that older persons and
patients with chronic disease (especially with chronic lung dis-
ease) are at higher risk of developing SARS-CoV-2-related
pneumonia (COVID-19) and respiratory failure.” If immuno-
suppressive treatment is a further risk factor or even has pro-
tective capabilities has not been elucidated to date. Historical
data has demonstrated higher risk for immunocompromised
patients after different viral infections, e.g. influenza infection.
According to mortality data on Middle East respiratory syn-
drome (MERS)-CoV, SARS-CoV and SARS-CoV-2 infections,
there is evidence that an immunosuppressive therapy alone
may not determine a worse prognosis.” Immunocompromised
patients after organ transplantation or with chronic inflamma-
tory disease seem to be not extraordinarily affected by a severe
disease course after infection with coronaviruses (SARS, MERS
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SARS-CoV-2 infection can cause severe pneumonia (COVID-19). There is evidence
that patients with comorbidities are at higher risk of a severe disease course. The
role of immunosuppression in the disease course is not clear. In the present report,
we first describe two cases of persisting SARS-CoV-2 viraemia with fatal outcome in
patients after rituximab therapy.
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and SARS-CoV-2).* Standard medications after organ trans-
plantation, such as calcineurin inhibitors, interact primarily
selectively on T lymphocytes and suppress their function,
while B-cell activity largely remains. Mainly patients with
haematological malignancies are treated with rituximab, an
anti-CD20 antibody. Rituximab leads to complete B-cell
depletion and therefore to severe combined immunosuppres-
sion and is possibly associated with severe disease course, con-
trary to existing data of other immunosuppressive drugs. Here
we present two cases of SARS-CoV-2-infected patients after
rituximab therapy with fatal outcome.

Patients and methods

Two patients with SARS-CoV-2 infection and history of
rituximab therapy were identified. The patients’ charts were
screened for patient history and actual clinical data and labo-
ratory and radiological findings. SARS-CoV-2 viraemia was
detected by semi-quantitative real-time polymerase chain
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Patient 2
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reaction (PCR) in peripheral blood in both the plasma and
cellular fraction. Ethylenediamine tetra-acetic acid (EDTA)
plasma samples were processed using an integrated auto-
mated pipetting system for nucleic acid extraction and
reverse transcriptase (RT)-PCR assay setup (Qiagen Sym-
phony, DSP Virus/Pathogen Midi Kit; Qiagen AG, Hilden,
Germany). Single-step RT-PCR primers and probes specific
for SARS-CoV-2 E-gene, RNA-dependent RNA polymerase
(RdRP)-gene, RNA positive controls and RNA extraction
control, respectively, were purchased from TIB molbiol
GmbH, Berlin, Germany (LightMix Modular SARS and
Wuhan CoV E-gene, Wuhan CoV RdRP gene, equine arteri-
tis virus [EAV] RNA extraction control).” RT, taq poly-
merase and nucleotides were obtained from ThermoFisher
(Superscript IIT Platinum One-Step qRT-PCR Kit); Thermo-
Fisher, Schwerte, Germany). Thermal cycling and fluores-
cence detection was performed on a LightCycler 480 II
instrument (Roche AG, Mannheim, Germany). To calibrate
the outcome of E-gene specific RT-PCR, the E-gene target
sequence was amplified from overlapping oligonucleotides
(E-gene forward 5-ACA GGT ACG TTA ATA GTT AAT
AGC GTC ATT CTT TTT CTT GCT TTC GTG GTA TTC
TTG CTA GTT ACA-3', E-gene backward 5'-ATA TTG CAG
CAG TAC GCA CAC AAT CGA AGC GCA GTA AGG ATG
GCT AGT GTA ACT AGC AAG AAT ACC A-3') and the
113 bp PCR product was inserted into the vector pCR-Topo-
2.1 (ThermoFisher). Linearised plasmid DNA was added to
SARS-CoV-2 negative human plasma pool at a final

Bettautnahm_

Fig 1. Chest X-ray and thoracic CT imaging.
Radiographic imaging showed bipulmonal,
peripheral ground glass infiltration in both
patients, a frequent finding in COVID-19
pneumonia.

concentration of 10° to 10? copies/ml, extracted as described
above and a standard curve was calculated.

Results

Both patients were male, aged 65 and 66 years and of normal
weight. Patient 1 had cerebral relapse of diffuse large B-cell lym-
phoma and arterial hypertension, and was treated with R-
DeVIC (rituximab, dexamethason, etoposide, ifosfamide, car-
boplatin) for several months. The last therapy cycle was admin-
istered 2 weeks before infection with SARS-CoV-2. Patient 2
had mantle cell lymphoma and chronic renal insufficiency. He
was in complete remission and received maintenance therapy
with rituximab (last cycle was administered 2 weeks before
infection) and ibrutinib daily. B cells were completely depleted
and immunoglobulin G was decreased in both patients. Admis-
sion to our hospital was at 1 and 4 days after development of
fever respectively. SARS-CoV-2 RNA was detected in pharyn-
geal swabs. Neither of them had hypoxia on the day of admis-
sion. High fever persisted in both patients for the next 14—
21 days. Besides SARS-CoV-2 infection there were no alterna-
tive foci present. Patient 1 developed hypoxia on day 4, patient
2 on day 9. Both patients had chest X-rays and thoracic com-
puted tomography (CT) with detection of bilateral pulmonary
peripheral ground glass infiltrates (Fig 1). Inflammatory mark-
ers (C-reactive protein, interleukin 6 [IL-6] and ferritin) were
elevated on the day of admission and further increased signifi-
cantly over time (Fig 2). Because of increasing procalcitonin
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Fig 2. Development of pro-inflammatory markers during disease
course. C-reactive protein (standard value <0-5 mg/l), IL-6 (standard
value <6 pg/ml) and ferritin (standard value 30400 pg/l) increased
over time. Vertical lines indicate the date of intubation. Detection of
SARS-CoV-2 viraemia by real-time PCR. Viral load increased over
time in both patients until death. [Colour figure can be viewed at
wileyonlinelibrary.com]

levels both patients received anti-infective therapy with pipera-
cillin/tazobactam. Despite all therapy, the condition of both
cases deteriorated. Chest X-rays showed progredient bilateral
pulmonary infiltration. Because of progressive respiratory fail-
ure both patients needed invasive ventilation after intubation
on day 14. Because of persistent high temperature we analysed
the plasma and cellular fraction of peripheral blood for SARS-
CoV-2 viraemia. We detected significant viraemia with rela-
tively low cycle threshold (Ct)-values in the plasma and cellular
fraction by PCR in both cases. To further quantify viraemia, we
established a standardised PCR assay by using a plasmid stan-
dard as mentioned above. This assay provided evidence of a
massive viraemia in both patients at different time points. The
virus levels tended to further increase during the disease course
and there was no indication of virus clearance at all. Patient 1
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died at 22 days, patient 2 at 26 days after admission due to res-
piratory failure. Viraemia peaked shortly before death in both
patients; furthermore there was no sign of viral clearance at 22
and 30 days after development of first symptoms or rather 22/
26 days after first detection of SARS-CoV-2 RNA in pharyngeal
swabs (Fig 2).

Discussion

We present two immunocompromised patients with severe
COVID-19 pneumonia with persisting viraemia until death
without any sign of viral clearance. Both patients developed a
massive cytokine storm during their disease course and died
of progressive respiratory failure. Viraemia is not typical in
viral respiratory diseases. Usually diagnosis of pulmonary viral
infection results from specimens from the oropharyngeal and
respiratory tract. Therefore, the role of viraemia in this strong
immune reaction in these two cases remains speculative.
There is evidence that viraemia itself and the duration of the
viraemic period is correlated with increased morbidity.® Many
patients with COVID-19 develop a massive cytokine storm
during severe disease course.” This immune reaction is possi-
bly related to fatal outcome, as the host’s uncontrolled
immune reaction after infection with zoonotic viruses seems
to be a main driver of tissue damage.® Therefore, immunosup-
pressive treatment is possibly effective by suppressing pro-in-
flammatory host reaction to SARS-CoV-2. Some studies
showed therapeutic effects of immunosuppressive treatment
in these patients, for example anti-IL-6 antibody treatment
possibly improves disease course in COVID-19 by preventing
lung tissue damage.” Available data of pandemic SARS, MERS
and SARS-CoV-2 infections indicate that immunocompro-
mised patients are not inevitably at higher risk of a severe dis-
ease course.'® Reported cases often show successful recovery
of COVID-19 pneumonia in renal and liver transplant recipi-
ents. Moreover some immunosuppressive drugs such as
FK506 show anti-viral effects on coronaviruses."'

On the other hand some studies indicate disadvantages of
immunosuppressive therapy and indicate a delayed viral
clearance in immunosuppressed conditions and therefore a
severe disease course in renal transplant recipients among
others.'?

Rituximab, an anti-CD20 antibody, is an effective treat-
ment option in many haematological malignancies, especially
different B-cell lymphomas. It leads to complete eradication
of peripheral B lymphocytes and therefore suppresses B-cell
function such as immunoglobulin production. After ritux-
imab application patients develop a severe combined cellular
and humoral immunodeficiency and therefore many viral
infections cause severe diseases in these patients (e.g. John
Cunningham virus, hepatitis B virus and cytomegalovirus).
Besides rituximab, ibrutinib therapy too can increase the risk
of viral opportunistic infections.'> Whether or not rituximab
therapy has an impact on disease course and outcome in
SARS-CoV-2 infected patients is not clear. To our knowledge
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there is no report available about SARS-CoV-2 infection in
patients after rituximab therapy. There are only two pub-
lished cases of patients with X-linked agammaglobulinaemia,
aged 34 and 26 years, without peripheral B-cell function who
survived SARS-CoV-2 development  of
COVID-19 pneumonia. Soresina et al.'* concluded that B-

infection after
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