MATERNAL-NEONATAL REPORTS

SARS-CoV-2 Associated Respiratory Failure in a Preterm Infant
and the Outcome after Remdesivir Treatment
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Abstract: Severe coronavirus disease 2019 (COVID-19) occurs in approxi-
mately 10% of neonates infected with severe acute respiratory syndrome
coronavirus 2. Guidelines for optimal management of severe COVID-19 in
neonates do not exist. In this report, we describe a late-preterm neonate with
severe COVID-19, requiring invasive mechanical ventilation who recovered
following treatment with remdesivir and high dose dexamethasone.
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he majority of neonates hospitalized with coronavirus disease

2019 (COVID-19) recover with supportive management alone.'
In a limited number of reports, corticosteroids or antiviral medica-
tions, such as remdesivir, have been administered.”> A prospective
surveillance study in the United Kingdom showed a severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) incidence of
5.6 per 10,000 live births®; of the 66 neonates with SARS-CoV-2
infection, 42% (n = 28) had severe disease and one-third required
respiratory support, suggesting that neonates may be at higher risk
of severe disease compared older children and teenagers.

Here we describe the course of a premature neonate with
COVID-19-associated respiratory failure who required invasive
ventilatory support and who clinically improved following treat-
ment with systemic corticosteroids and remdesivir.

CASE REPORT

Antenatal Presentation and Course

A previously healthy 34-year-old gravida 4 para 0 female at
34 weeks’ gestation presented to a community hospital with preterm
rupture of membranes and preterm labor. Before the presentation,
the pregnancy had been uncomplicated and antenatal serologies
were negative for HIV, hepatitis B virus and syphilis.

The day before admission, the mother developed fever,
cough, nausea and vomiting. A nasopharyngeal swab tested positive
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for SARS-CoV-2 by reverse transcription-polymerase chain reac-
tion (RT-PCR). She received a single intramuscular dose of beta-
methasone along with intravenous ampicillin and gentamicin for
preterm labor. Four hours after admission, she delivered a female
neonate via uncomplicated vaginal delivery; delayed cord clamping
was carried out for 60 seconds.

Neonatal Course

The APGAR scores at 1 and 5 minutes were both 9 and her birth
weight was 2390 g. She was admitted to a level 2 neonatal intensive care
unit on room air, and an intravenous dextrose solution was initiated.
Laboratory evaluation at birth, including a complete blood count with
differential and blood gases, were within reference ranges and blood
culture was negative for bacterial growth. Nasopharyngeal swabs were
positive for SARS-CoV-2 by RT-PCR at 24 hours of life and remained
positive when repeated on the day of life (DOL) 4, 6, 14 and 32.

She was initially stable on room air, with normal oxygen
saturations and no respiratory distress. She tolerated enteral feeds
until DOL 4 when she developed nasal congestion and tachypnea.
A full sepsis workup, including blood, urine and cerebrospinal fluid
cultures was performed and she was started on empiric intrave-
nous ampicillin and tobramycin. A mild mixed acidosis on capil-
lary blood gas was detected. Her chest radiograph was normal. The
blood, urine and cerebro-spinal fluid culture were negative.

On the following day, her respiratory symptoms worsened
with cyanosis requiring respiratory support with continuous positive
airway pressure and a FiO, of 40%. On DOL 6, due to worsening res-
piratory distress and acidosis, she was intubated and provided ven-
tilatory support. A repeat chest radiograph showed mildly increased
peri-hilar markings with bilateral interstitial opacities.

On DOL 6, the infant was then transferred to a tertiary neo-
natal intensive care unit for continued care of respiratory failure.
On admission, she was transitioned to high-frequency oscillatory
ventilation, requiring a mean airway pressure of 14cm H,0O and
40%-70% FIO,, and intravenous dexamethasone (0.15mg/kg/day)
was started as part of the COVID-19 management protocol. Forty-
eight hours after admission, she continued to have progressive
oxygen failure, and worsening chest radiograph findings (Fig. 1).
Thus, she was sedated with midazolam, morphine and muscle
relaxed with rocuronium. Given the severity of the illness, intrave-
nous dexamethasone was increased to 0.5 mg/kg/day, and simulta-
neously, intravenous remdesivir (2.5 mg/kg loading dose, followed
by 1.25mg/kg daily was started. The highest C-reactive protein
was 5.8 (mg/L) on DOL 2 which decreased to 2.8 by DOL 6, at the
time of transfer to a tertiary center, and 0.9 by the end of treatment.

Within 2 days of starting remdesivir and high dose dexa-
methasone, her respiratory status improved; she was transitioned
to conventional ventilation for 3 days, then extubated to continuous
positive airway pressure, and 24 hours later was transitioned to low
flow oxygen. The dexamethasone dose was reduced to 0.15 mg/kg/
day bis in die or twice daily for 48 hours and then to quaque die or
once daily; in all, she completed a 10-day course of steroids and 6
days of remdesivir. She was transferred to the pediatric inpatient
unit on DOL 19; by DOL 25, she was off all respiratory support and
discharged home on DOL 31.
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FIGURE 1. Chest radiograph obtained on DOL 9 which
illustrates increased peri-hilar markings and diffuse reticular
changes. DOL, day of life.

Before discharge, a brain MRI was performed which was
remarkable for multiple linear foci of white matter injury and edema
with bilateral extra-axial posterior fossa hemorrhages and no sinus
venous thrombosis identified. Additionally, placental pathology
showed a normal 3-vessel cord with focal hemorrhage and 2 foci
of early infarction of the placental disc. Intervillous fibrin deposi-
tion and intervillositis with histiocytes and neutrophils were noted.
However, no histopathology consistent with chorioamnionitis or
deciduitis was seen. The placental swab of fetal and maternal side,
tested positive for SARS-CoV-2 by RT-PCR.

DISCUSSION

In this report, we described a neonate who developed severe
COVID-19 requiring intensive care, invasive ventilatory support
and treatment with dexamethasone and remdesivir. Full recovery
was achieved, with initial improvement temporally associated with
the initiation of treatment with high dose dexamethasone and rem-
desivir.

Although the role of corticosteroids or antiviral medications
in managing neonates with COVID-19 is uncertain, dexamethasone
was given in our case based on the evidence of use in adults.* Due
to severe clinical deterioration, dexamethasone was increased and
remdesivir was started. Concurrent with this treatment, significant
clinical improvement was noted. Remdesivir is a nucleotide analog
prodrug with in vitro efficacy against SARS-CoV-2 that improves
clinical outcomes in adults with COVID-19.° Despite the minimal
data for its use in neonates, the American Academy of Pediatrics
indicates that it is the preferred antiviral treatment for critically
ill neonates with COVID-19.° We used a single loading dose of
2.5mg/kg, followed by a maintenance dose of 1.25mg/kg every
24 hours. The dose was calculated based on a simulation study by
Maharaj et al.” They found that in neonates with body weight <6 kg,
a 2mg/kg loading dose followed by a 1 mg/kg maintenance dose
achieved a similar plasma drug concentration as that in adults.’
Despite the rare side effects, close monitoring of liver enzymes and
kidney function is recommended both before and during remdesivir
treatment.® In our report, no adverse events occurred, and renal and
liver functions remained normal.
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The clinical presentation of our case was attributable to
SARS-CoV-2 infection. An extensive microbiologic workup did
not detect an alternative infectious cause and the clinical presenta-
tion was not consistent with noninfectious causes. Specifically, the
delayed onset of symptoms and the initial normal chest radiograph
were inconsistent with respiratory distress syndrome or transient
tachypnea of the newborn as possible etiologies.

Vertical transmission of SARS-CoV-2 may occur in utero
via the placenta, intrapartum during the process of delivery, or
postnatally through contact with respiratory secretions or poten-
tially through breastmilk.’ In our case, the timing of transmission
could not be determined with certainty, as amniotic fluid and fetal
blood testing was not performed and initial testing of infant respira-
tory secretions was performed at approximately 24 hours of life.*!
However, the detection of SARS-CoV-2 on a placental swab and in
a respiratory sample from the infant at approximately 24 hours of
life is consistent with possible in utero transmission.’

The white matter findings on brain MRI in our patient were
similar to those observed in several previous case reports of neonates
with neurological symptoms associated with COVID-19.!" The mech-
anism of white matter injury in neonates with COVID-19 is uncertain
but may be due to vascular inflammation induced by SARS-CoV-2.12

In conclusion, this report suggests that remdesivir in com-
bination with hig- dose dexamethasone can be safely considered
in the management of neonates with severe COVID-19 infection.
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