
Usefulness of Plasma SARS-CoV-2 RNA Quantification
by Droplet-based Digital PCR to Monitor Treatment
Against COVID-19 in a B-cell Lymphoma Patient

Tali-Anne Szwebel1 & David Veyer2,3 & Nicolas Robillard2
& Deborah Eshagh1

& Etienne Canoui4 & Thomas Bruneau2,6
&

Adrien Contejean4
& Celia Azoulay1 & Thomas Serrano2

& Thomas Hueso5
& Laure Izquierdo7

& Flore Rozenberg7
&

Benjamin Terrier1,8 & Marguerite Vignon9
& Pierre Laurent-Puig6,10

& Valérie Taly6 & Laurent Bélec2,8 & Solen Kernéis4,11 &

Karine Lacombe12,13
& Hélène Péré2,3

Received: 3 December 2020 /Revised: 3 December 2020 /Accepted: 6 December 2020 /Published online:
# The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
We report the case of an HIV-1-infected patient, treated with anti-CD20 monoclonal antibody for a B-cell lymphoma previously
treated by autologous stem cell transplant. He suffered from chronic COVID19 and wemonitored by plasma SARS-CoV-2 RNA
by highly sensitive droplet-based digital PCR technology (ddPCR). Under tocilizumab therapy and despite a first clinical
improvement biologically associated with decreasing inflammatory markers, a slight increase of SARS-CoV-2 RNAaemia
quantified by ddPCR was highlighted, confirming the absence of viral efficacy of this treatment and predicting the subsequent
observed deterioration. As expected, his complete recovery, finally achieved after COVID-19 convalescent plasmatherapy,
strictly paralleled plasma SARS-CoV-2 RNA clearance. With these results, we confirmed the interest of SARS-CoV-2
RNAaemia monitoring by ddPCR in COVID-19 patients, particularly during treatment, and firstly showed that this new and
specific biomarker could be helpful to select eligible patient for anti-IL6 receptors therapy considering the variable levels of
efficacy recently observed with such therapy.

Case Report

We herein report the case of an HIV-1 infected and treated
patient with stable disease and undetectable HIV viral load.
The patient received first line chemotherapy treatment follow-
ed by autologous stem cell transplant for a B-cell lymphoma
diagnosed in June 2017. After an early relapse, he received 2
lines of immunochemotherapy regimen with rituximab (last
infusion received in December 2018). Due to disease progres-
sion, he was treated with obinutuzumab associated with
ibrutinib from January 2019 to February 2020, with very good
partial response but with a deep lymphopenia (CD4 T cell
count < 50/mm3) and hypogammaglobulinemia.

On April 1st, 2020, he was referred to Cochin Hospital
(Paris, France), for severe Coronavirus Disease 2019
(COVID-19) with positive SARS-CoV-2 nasopharyngeal
RT-PCR (Cycle threshold (Ct) at 23). He presented as dry
cough, diarrhea, fever, dyspnea and biological worsening as
peripheral thrombocytopenia, increased acute phase reac-
tants with upper values of ferritin at 5150 µg/L and CRP at
28.5 mg/dL, hepatic cytolysis and cholestasis, and hypertri-
glyceridemia. Oxygenotherapy at 3 L/min was lasted for
more than 6 weeks. In the meantime, bronchoalveolar la-
vage fluid remained SARS-CoV-2 positive by RT-PCR
(Ct at 20) 5 weeks after his admission, confirming a chronic
COVID-19.

Intravenous dexamethasone (20 mg/day for the first three
days then 10 mg/day for three more days) was initiated on
April 14th, 2020, and relayed by oral prednisone (60 mg dai-
ly) until May 21th, 2020, without any significant clinical im-
provement. Next, he received lopinavir/ritonavir (LPV/r)
(400 mg x 2 /day) for one week before the initiation of toci-
lizumab (480 mg in one infusion) on May 14th, 2020. After
two weeks of clinical and biological improvement with
apyrexia, oxygen withdrawal and decreased CRP (Fig. 1),
the patient is getting clinically worse again.
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Considering the recurrence of severe clinical symptoms on
May 30th with persistent positive SARS-CoV-2 RT-PCR in
respiratory samples and his absence of seroconversion (nega-
tive anti-SARS-CoV-2 IgG on June 5th ), COVID-19 conva-
lescent plasma transfusion (CPT) was started considering his
profound B-cell depletion (hypogammaglobulinemia at 2.9 g/
L on April 24th, 2020). Indeed, anti-CD20 monoclonal anti-
body constitutes a therapeutic option for most patients with B-
cell lymphoproliferative disorders. However, the induced pro-
found B cell depletion is lasting for several months and
treated-patients are unable to produce neutralizing antibodies.
During SARS-CoV-2 pandemic, such patients were at major
risk of developing extended form of COVID-19 [1]. Thus,
containing specific SARS-CoV-2 neutralizing antibodies,
COVID-19 CPT appears to be an interesting therapeutic ap-
proach in such patients [2].

The patient received one dose (2 units) daily of COVID-19
CPT on June 5th and 6th which induced a rapid and complete
clinical remission, persistent at last follow-up three months later.

With patient consent, SARS-CoV-2 RNAaemia was retro-
spectively quantified by droplet-based digital PCR (ddPCR)
on 8 plasma samples collected for medical care during his
hospitalization (Fig. 1).

By optimizing sensitivity and allowing absolute quantifica-
tion compared with classical q(RT)PCR, ddPCR technology
was primarily developed for cancer research to quantify mu-
tated circulating tumoral DNA among cell-free DNA in liquid
biopsies. The increased tolerance of ddPCR to PCR inhibitory
molecules makes it an attractive alternative to qPCR for med-
ical applications including viral diagnostics. We recently
adapted this innovative and ultrasensitive technology for
SARS-CoV-2 RNAaemia monitoring in COVID-19 patients
and recently showed its great interest for the first time in the
world [3].

Despite a first clinical response to tocilizumab correlating
with CRP decrease (Fig. 1), a slight increase of SARS-CoV-2
RNAaemia (from 3.58 log cp/mL to 4.25 log cp/mL) was
noticed by ddPCR and preceded the observed clinical

Fig. 1 Biological monitoring of CRP (UI/mL) and SARS-CoV-2 RNAaemia expressed in Log(cp/mL) during clinical and therapeutic history. CPT:
Convalescent plasma therapy
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deterioration. Considering the variable levels of efficacy re-
cently observed with anti-interleukin-6 receptor treatments in
COVID-19 patients [4], our observation could be of particular
importance in the medical use of such treatment. Indeed,
SARS-CoV-2 RNAaemia could represent an helpful biomark-
er to select eligible patient for anti-IL6 receptors therapy by
reserving it for SARS-CoV-2 RNAaemia negative patients if
our data are confirmed on largest cohort of patients.

Moreover, after COVID-19 CPT, a clear negativation of
plasma SARS-CoV-2 RNAaemia was rapidly observed and
correlated with complete clinical recovery. In contrast, none
of acute phase reactants like CRP or other classical virologic
marker such as SARS-CoV-2 detection by conventional RT-
PCR in respiratory samples still positive after clinical recovery
were correlated with prolonged clinical recovery confirming
that SARS-CoV-2 RNAaemia remained the only useful bio-
marker to monitor for confirming treatment success.

As circulating SARS-CoV-2 RNAaemia becomes negative
under COVID-19 CPT treatment composed by specific
SARS-CoV-2 antibodies, we can hypothesize that this detect-
ed viral RNA comes from complete SARS-CoV-2 viral parti-
cles and not only represents circulating released RNA.

This case illustrates the interest of SARS-CoV-2
RNAaemia monitoring by ddPCR particularly during treat-
ment, as the only quantitative biomarker strictly correlated
with the patient disease history and predictive of subsequent
prolonged clinical recovery in chronic COVID-19 patient with
haematological malignancy.

Finally, with the development of recent therapies against
COVID-19 such as immunomodulators like anti-IL-6R, mes-
enchymal stem cells therapy or convalescent COVID-19
plasmatherapy which have recently showed their efficacy to
prevent clinical deterioration [4] or to cure [2,5] COVID-19,
we particularly need specific biomarkers to monitor such treat-
ments and SARS-CoV-2 RNAaemia by ddPCR seems to
present such qualities in the global care of COVID-19.
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