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COVID-19 in allogeneic stem cell transplant: high false-negative
probability and role of CRISPR and convalescent plasma
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To the Editor:

While immunosuppression may be beneficial in later phases
of COVID-19, it can delay virus clearance if applied too
early. In immunocompromised patients, such as allogeneic
stem cell transplant (ASCT) recipients, testing strategies,
disease outcomes, and choice of therapy remain largely
unknown.

Due to concerns of high rates of false-negative results
with RT-PCR based assays, the American Society for
Transplantation and Cellular Therapy (ASTCT) recom-
mends repeat SARS-CoV-2 testing in ASCT patients if
initial testing is negative [1]. Bronchoalveolar lavage (BAL)

might improve testing sensitivity, but is not routinely per-
formed due to operator safety concerns [1, 2]. Therefore, if
upper respiratory tract RT-PCR testing is negative and
clinical suspicion remains high, diagnosis may rely on
pulmonary imaging and symptomatology [2]. In addition,
while the viral genome has been detected in other bodily
sources, such as blood, feces, and sputum, its clinical sig-
nificance remains unclear and has not been studied in the
setting of ASCT [2]. With their goal to improve sensitivity,
the US Food and Drug Administration recently issued an
Emergency Use Authorization to a highly sensitive clus-
tered regularly interspaced short palindromic repeats
(CRISPR)-based qualitative COVID-19 assay [3].

Herein, we report two cases of COVID-19 infection in
ASCT recipients using CRISPR diagnostics, followed by
successful treatment with COVID-19 convalescent
plasma (CCP).

Case 1: A 53-year-old female with B-cell acute lym-
phoblastic leukemia, status post haploidentical ASCT
(Supplementary Table 1), presented on day +157 post
ASCT with fever, shortness of breath, and cough. Her case
is complicated by steroid-dependent chronic graft-versus-
host disease (cGVHD) of the skin and mouth, currently
responding to weekly intravenous rituximab. A chest
computed tomography (CT) scan revealed ground glass
opacities suggestive of COVID-19 (Fig. 1a). Both nasal and
nasopharyngeal RT-PCR swab tests (Abbott and Roche)
were negative for SARS-CoV-2. She was started on cef-
triaxone, azithromycin, and vancomycin for pneumonia.
Intravenous immunoglobulin (IVIG) was administered for
hypogammaglobulinemia. Over the proceeding 48 hours,
her respiratory status worsened, requiring oxygen at
4 L/min. Due to continued suspicion for COVID-19,
investigational RT-PCR/CRISPR technology was per-
formed as we have previously described (supplementary
methods) [4], on nasal swab, saliva, blood, and plasma
samples, and surprisingly tested positive for SARS-CoV-2
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RNA (Fig. 1b). One unit (200 ml) of CCP was given on
hospital day 4 and day 13. Within a day of receiving her
first transfusion of CCP, she reported improvement in
shortness of breath and cough, had fever resolution, and
decreasing oxygen requirements. In addition, a significant
decrease in C-reactive protein and procalcitonin was also
seen (Supplementary table 1). The patient was discharged
home without oxygen on hospital day 15.

Case 2: A 67-year-old male with a history of ASCT for
high-risk acute myeloid leukemia (Table S1), presented on
day +319 post ASCT with shortness of breath, cough, and a
worsening skin rash. His transplant was complicated by
steroid refractory cGVHD of the skin and lungs requiring
treatment with the Bruton’s tyrosine kinase (BTK) inhibitor
ibrutinib in addition to prednisone and rituximab. A chest
CT revealed ill-defined peribronchovascular opacities rais-
ing concern for COVID-19. However, he tested negative
for SARS-CoV-2 RNA via nasopharyngeal RT-PCR
(Roche). He was started on ceftriaxone and doxycycline
and received IVIG for hypogammaglobulinemia. On
hospital day 11, his respiratory culture grew multidrug
resistant Stenotrophomonas maltophilia, and intravenous
trimethoprim–sulfamethoxazole was started. The patient’s
condition
progressively worsened to acute respiratory distress requir-
ing mechanical ventilation. Bronchoscopy was performed,
but no definitive diagnosis was made. Repeat SARS-CoV-2
RT-PCR was performed on a nasal swab and BAL speci-
men, but both were again negative. Despite aggressive
antimicrobial therapy and supportive care, the patient
developed multiorgan failure and died on hospital day
36 (+354 post ASCT). An autopsy was not performed due

to concern for possible COVID-19 and the risk it posed to
the staff. Shortly thereafter, RT-PCR/CRISPR was per-
formed on a blood sample collected on hospital day 36 for
clinical purposes and demonstrated strong detection of
SARS-CoV-2 RNA (Fig. 1c).

Here, we present two cases of ASCT recipients who
presented with respiratory illnesses, initially testing nega-
tive for SARS-CoV-2 with conventional RT-PCR, then
positive with the more sensitive RT-PCR/CRISPR techni-
que. One patient was diagnosed with COVID-19 early in
her course and was immediately treated with CCP and
survived, while the other did not receive COVID-19
directed therapy and expired. Our findings suggest that
ASCT recipients with negative nasopharyngeal SARS-
CoV-2 RT-PCR, but evidence of lower respiratory tract
disease, might indeed have COVID-19 that can be detected
using a CRISPR-based platform. This challenges the
established algorithm for evaluation and treatment of sus-
pected/confirmed COVID-19 in ASCT recipients and
illustrates the need for more sensitive tests. Prompt diag-
nosis is essential in all patients, particularly in immuno-
compromised hosts, as earlier treatment will likely improve
outcomes. Antiviral agents, such as remdesivir, have
recently been shown to shorten time to clinical improve-
ment particularly with earlier initiation [5, 6]. Similarly in
the SARS-CoV-1 2003 epidemic, the clinical benefit of
convalescent plasma was more significant if given within
the first 14 days of illness [7].

Our cases tested positive for SARS-CoV-2 in samples
other than a nasopharyngeal source. This poses the question
of whether patients with objective findings consistent with
COVID-19 and a negative nasopharyngeal RT-PCR assay
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Fig. 1 Diagnostic workup for case 1 and 2. a Transverse CT scan
showing lung infiltrates suspicious for COVID-19 disease for case 1.
b CRISPR analysis testing for the presence of the viral genome in the
shown sample of case 1. We used genomic RNA extracted from heat-
inactivated SARS-CoV-2 (NR-52347, BEI) as positive control, and
human RNA isolated from HEK293T cells as negative control. Each

experiment was run in triplicate. Values that are 3 SD above the
negative control mean were considered positive. The level of fluor-
escence does not reflect viral load, this is a qualitative test. c CRISPR
analysis testing for the presence of the viral genome in the shown
sample of case 2 tested as in b.
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would benefit from testing of other tissue types [2]. In the
particular example of ASCT, the ASTCT suggests that a
negative nasopharyngeal RT-PCR test does not rule out
COVID-19 in patients with lower respiratory tract symp-
toms, as the virus might be detectable only in the lower
airways. While safety concerns with performing broncho-
scopy remain high with this infection, and COVID-19-
specific treatments depend on securing a positive test, it
may be beneficial to pursue diagnosis with other tissue
sources, such as whole blood or plasma.

As our report demonstrates, ASCT recipients are at risk
of developing more severe complications from COVID-19.
T-cell lymphopenia has been correlated with higher risk of
in-hospital death and severity of COVID-19 infection [8].
Indeed, our patients have low baseline T-lymphocyte counts
further decreased with cGVHD therapy with steroids,
tacrolimus, and ibrutinib. Similarly, SARS-CoV-2 may
cause a decrease in B-lymphocytes early in the disease
course, thus hindering the ability to produce antibodies [9].
In our patients, the ability to develop memory B-cells and
plasma cells for antibody production is already impeded by
steroids and rituximab. Thus, passive immunity support
with CCP is required to deliver the SARS-CoV-2 neu-
tralizing antibodies needed to clear the infection.

It may be most appropriate to preemptively treat with
investigational therapeutics in patients where high clinical
suspicion exists but test negative. In our case, we elected to
treat with CCP; however, combination therapy could be
considered. Interim remdesivir data have shown clinical
benefit in symptom duration and overall survival [5]. The
addition of CCP should be considered adjunctively moving
forward in this high-risk population due to a jeopardized
active immunity. Our patient who received CCP sig-
nificantly improved, which is consistent with other CCP
reports [10]. However, as ASCT recipients on immuno-
suppression are less likely to generate adequate antibodies,
multiple transfusions of CCP might be needed as in case 1.

There were several differences between our two case
patients (Table S1). Notably the clinical presentation, with case
1 presenting acutely, while case 2 had a progressive clinical
course. Both patients were taking steroids; however, case 2 was
on ibrutinib. Intriguingly, the BTK inhibitors, ibrutinib and
acalabrutinib, are being investigated for their ability to reduce
COVID-19 induced respiratory distress [11, 12]. This is nota-
ble as case 2 intermittently continued ibrutinib due to his
protracted illness and had a more insidious COVID-19 infec-
tion with slower progression to respiratory failure.

In conclusion, early diagnosis and treatment of COVID-
19 is crucial in ASCT recipients, and evaluation regarding
the use of other tissue sources for detection of SARS-CoV-2
along with multimodality therapy is required in the con-
tinual evolution of this pandemic.
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