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COVID-19 convalescent plasma clears SARS-CoV-2 refractory to remdesivir
in an infant with congenital heart disease
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Key Points

•COVID-19 convales-
cent plasma (CP) may
be a safe and effective
treatment option in
SARS-CoV-2 infection
refractory to remdesivir.

• Infants may benefit from
CP despite developing
immune systems and
donor variability
emphasizes the need
for characterization
prior to use.

Introduction

Although ,2% of coronavirus disease 2019 (COVID-19) infections are reported in the pediatric
population, children with comorbidities such as congenital heart disease and those at a younger age are
more likely to become critically ill.1-3 Remdesivir has been reported to be efficacious in adults with
COVID-194; however, there are no studies in children. Convalescent plasma (CP) can contain
neutralizing antibodies to viruses,5 and has been used during previous viral epidemics with clinical
improvement.6-11 COVID-19 CP (C19-CP) may be useful in critically ill adults, resulting in improvement
in inflammatory markers, pulmonary lesions, and mortality.12 However, the impact of C19-CP in pediatric
patients, particularly infants with developing immune systems and significant comorbidities, is completely
unknown.

We present an infant with cardiopulmonary failure secondary to unrepaired congenital heart disease
exacerbated by COVID-19. Given postsurgical complications of children with viral respiratory
infection,13-17 the patient required clearance of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) for surgical candidacy. We hypothesized that C19-CP administration may clear SARS-
CoV-2 following failure of remdesivir.

Case description

A 3.1-kg term 9-week-old female with trisomy 21 and unrepaired balanced complete atrioventricular
canal defect with baseline mild to moderate common atrioventricular valve regurgitation (AVVR)
presented in acute hypoxemic respiratory failure secondary to progressive decompensated heart
failure. Notable findings included lymphopenia, b-natriuretic peptide of 530 pg/mL (reference range
,100 pg/mL), worsened AVVR (moderate to severe), and cardiomegaly and pulmonary edema on
chest X-ray. Initial treatment, including bilevel noninvasive positive pressure ventilation, milrinone
infusion, and IV diuretics, resulted in restoration of organ function. By hospital day 8, her common
AVVR returned to baseline; she transitioned from milrinone to captopril, carvedilol, and IV diuretics and
had weaned to high-flow nasal cannula; and she was transferred to the general cardiology floor.

On hospital day 12, she developed acute hypoxemic respiratory failure and decompensated heart failure,
with atelectasis on chest X-ray and new rhinorrhea requiring bilevel noninvasive positive pressure
ventilation. The result of SARS-CoV-2 nucleic acid testing (NAT) (DiaSorin Molecular Simplexa direct
real-time PCR of viral RNA, Cypress, CA) on a nasopharyngeal (NP) swab was positive; a residual
sample from a respiratory viral panel performed on hospital day 5 for intermittent desaturations was
retested for SARS-CoV-2 and likewise had a positive result (Figure 1A). The source of the infection
remains unclear. While the mother and siblings were asymptomatic, they were quarantined for 14 days
after infection was identified in the patient but never tested. Nosocomial infection is certainly possible
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but less likely, as the hospital had very few infected patients, none
of those infected were in the cardiac intensive care unit, and there
was no shortage of personal protective gear at the hospital prior or
following the patient’s infection. Additional investigation did not
reveal macrophage activation syndrome or new bacterial or viral
infection. As her prolonged QTc prohibited use of hydroxychlor-
oquine, remdesivir (5 mg/kg per day on hospital day 15 and
2.5 mg/kg per day on hospital days 16-25) was given. Her hospital
course was complicated by staphylococcal scalded skin syndrome,
treated with nafcillin, and stage II necrotizing enterocolitis (Bell
criteria), treated with piperacillin-tazobactam (Figure 1A). Through-
out this time, she continued to have persistent lymphopenia,
a C-reactive protein (CRP) level of 5 mg/dL (reference range,
,1.0 mg/dL) with normal fibrinogen, and a common AVVR that
remained unchanged with preserved biventricular function man-
aged with IV diuretics.

Despite completion of remdesivir, on hospital day 25, she required
endotracheal intubation for worsening respiratory failure. Repeat
investigation was notable for persistent lymphopenia, persistent
SARS-CoV-2, CRP 7.7 mg/dL, but no evidence of new secondary

infection or macrophage activation syndrome was found. Milrinone
was reinitiated in addition to IV diuretics. Given her lack of response
to remdesivir and deteriorating clinical status, 2 aliquots of CP
(10 mL/kg per aliquot) from 2 COVID-19 recovered donors
(C19-CP) were transfused in accordance with the World Health
Organization guidelines for Ebola CP treatment in children9

(Figure 1A). She received increased IV diuretics, daily monitoring
of serum chemistries, and intermittent monitoring of coagulop-
athy. Daily surveillance of SARS-CoV-2 NAT by NP swab was
performed, and the results were negative following the sec-
ond aliquot from donor 1 (Figure 1A) with concurrent reduced
ventilator support. She was extubated on hospital day 34. The
infant tolerated all transfusions without anaphylaxis, transfusion-
related circulatory overload, transfusion-related acute lung
injury, or hypercoagulability. The results of daily NP swabs were
intermittently positive before becoming persistently negative
(Figure 1A). Other notable findings post–C19-CP transfusion
include CRP of 1.3 mg/dL and intermittent normalization of
absolute lymphocyte count. The patient had an uneventful
complete repair 47 days (hospital day 91) after SARS-CoV-2
infection resolution and is doing well.
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Figure 1. Hospital course summary and donor and patient plasma characterization. (A) Hospital course by clinical event, antiviral therapy (Tx), and C19-CP

transfusion in relation to NP swab SARS-CoV-2 RNA results. Clinical events are as follows: acute respiratory failure on hospital day 12, staphylococcal scalded skin syndrome

(SSSS) on hospital day 14, necrotizing enterococcus (NEC) on hospital day 23, intubation on hospital day 25, and extubation on hospital day 34. Dosages of antiviral therapy

are as follows: remdesivir: 5 mg/kg per day on hospital day 15 and 2.5 mg/kg/day on hospital days 16 to 25; C19-CP donor 1: 10 mL/kg per day over 4 hours ;20 hours

apart on hospital days 28 and 29; and C19-CP donor 2: 10 mL/kg per day over 4 hours ;20 hours apart on hospital days 31 and 32. (B) Enzyme-linked immunosorbent

assays showing titration of samples from the 2 C19-CP donors and 3 negative controls collected before 2019, against SARS-CoV-2 spike RBD. End point titers were

calculated using a cutoff of the average of the control samples, plus 3 times standard deviation value, marked with a dotted line. End points were calculated as the intersection

of samples with this cutoff. Titers are shown numerically in the legend. (C) Neutralization activity of C19-CP donor samples against SARS-CoV-2. The focus reduction neutrali-

zation test (FRNT)50 titers of the C19-CP donor samples were determined by an FRNT assay using an immunostain to detect infected foci. The dotted line represents the

maximum concentrations of the serum tested (1/50). (D) Dynamics of RBD-specific end-point titers in the recipient after transfusion.
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Methods

The patient is blood group O RhD negative. Donor 1 is a 63-year-
old male who donated 35 days following COVID-19 symptom
resolution and is blood type A RhD positive. Donor 2 is a 56-year-
old male who donated 55 days following COVID-19 symptom
resolution and is blood type O RhD negative. Both had mild COVID-
19 infection, and neither was hospitalized. The plasma donor units
were transfused without prior characterization per emergency use.
To understand the impact of C19-CP treatment, both donor units
were tested for titers of IgG against the receptor-binding domain
(RBD) of the SARS-CoV-2 spike protein (Emory University and
Children’s Healthcare of Atlanta, Atlanta, GA), which has been
shown to correlate with neutralizing titers,18 and subsequent
microneutralization assays were performed in a biosafety level 3
laboratory.19 Donor 1 had an immunoglobulin G (IgG) titer of 1:
12 724 and neutralizing titer of 1:126. Donor 2 had an IgG titer of 1:
816 and a neutralizing titer of ,1:50 (Figure 1B-C, respectively).
Following the first aliquot from donor 1, the recipient showed robust
IgG anti-SARS-CoV-2 antibody levels of ;1:5000, which was
sustained after all subsequent transfusions (Figure 1D).

Results and discussion

Young age, unrepaired congenital heart disease, trisomy 21,
persistent lymphopenia, and naive immune system likely increased
this patient’s SARS-CoV-2 vulnerability. While this represents only
1 case, her improved respiratory status, increase in lymphocytes,
and decrease in CRP after C19-CP transfusion suggest a positive
clinical correlation, especially in the setting of subsequent SARS-
CoV-2 clearance.

Logistical constraints prevented anti-SARS-CoV-2 antibody char-
acterization of C19-CP prior to transfusion, which likely reflects
common current approaches to emergent C19-CP administration.
C19-CP from donor 1 likely provided the most significant impact
on SARS-CoV-2 eradication given the higher neutralizing titer
(Figure 1C), which is comparable to US Food and Drug Adminis-
tration recommendations20 and may be sufficient when treating
COVID-19 in adults.10-21 This case suggests that such titers may
likewise be sufficient in infants. The delay in viral clearancemay reflect
the time required for C19-CP therapy to effectively eliminate the virus
and is consistent with reports in adults with persistent SARS-CoV-2
NAT by NP samples beyond symptom resolution.22,23

Factors influencing high anti-SARS-CoV-2 titers with effective
characteristics remain incompletely understood. Severe illness
would be presumed to correlate with higher anti-SARS-CoV-2
antibodies. However, even though neither C19-CP donor was
hospitalized, donor 1 possessed higher titers than donor 2, whose
titers were below the limit of detection. This variability illustrates the
challenge of current C19-CP transfusion practice, making it difficult

to determine the potential benefit without adequate testing prior to
C19-CP transfusion in place.

While neutralizing antibodies are critical for antibody-mediated
protection against viral infection, the impact of CP on resolution of
active infection remains incompletely understood. However, beyond
direct neutralization of the virus, other mechanisms, such as
antibody-dependent cellular cytotoxicity, may also play a role in
the ability of C19-CP to aid in the clearance of an active infection.
Such considerations may be especially important in infants with
developing or suppressed immune systems that may attenuate the
ability of other antibody effector systems to effectively clear COVID-
19 following C19-CP therapy. While we were unfortunately unable
to acquire neutralizing titer data from the patient prior to C19-CP
administration to determine potential changes in antibody levels
prior to and following administration of the first dose of C19-CP,
data obtained following serial SARS-CoV-2 NAT evaluation provides
uncommon insight into the temporal relationship between C19-CP
and its potential impact on SARS-CoV-2 infection. However, this is
a single case, and understandable uncertainties remain. Future
studies will certainly be needed to fully define the efficacy of C19-CP
in this vulnerable patient population.
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