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ARTICLE INFO ABSTRACT

Keywords: Introduction and importance: Vertical transmission of the novel coronavirus, known as severe acute respiratory
COVID-19 syndrome-coronavirus-2 (SARS-CoV-2), has not yet been proven. However, several case reports and case series
Neonate worldwide, including ours, support this certain type of transmission. Although COVID-19 has been mostly treated
E’:{g desivir supportively, in some cases, including ours, medical treatment seems to be essential.

Corticosteroid Case presentation: Herein, we present a case of a neonate born to an asymptomatic mother with no known history

of COVID-19 during pregnancy who was diagnosed as an asymptomatic silent carrier following the confirmation
of COVID-19 in her newborn. Although bacterial pneumonia, early-onset sepsis, and meconium aspiration
syndrome were the possible differential diagnosis, positive COVID-19 real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) confirmed the diagnosis. Due to the neonate's critical lung involvement leading to a
critical condition, remdesivir, intravenous immune globulin (IVIG) and corticosteroid were administered. The
patient fully recovered and was discharged after around 20 days.

Clinical discussion: Although treatment in most cases of neonatal COVID-19 has been mainly supportive, in a few
case reports remdesivir, corticosteroids and IVIG have been successfully used. Since a satisfying clinical
improvement was not noticed following sepsis workup, all the three aforementioned medications were
administered.

Conclusion: Immunomodulatory medications as well as antiviral therapy should be considered in severe neonatal
COVID-19 cases, as were shown to be lifesaving in our patient. Interestingly, to date, this case seems to be the
youngest survived patient who has received medicines other than supportive care.

Case report

usually suffices [13-15]. To date, our case seems to be the youngest
survived patient among the very few neonatal cases who have received

1. Background

COVID-19 rapidly turned into a pandemic following the emergence
of the first case in Wuhan, China in late November 2019 and is now the
most serious health problem worldwide [1-3]. The disease involves
children less than adults while neonates include a small proportion of
the affected cases [4-6]. In Iran, 3,394,279 confirmed COVID-19 cases
have been reported till July 3rd, 2021 leading to 86,041 deaths [7]. The
vertical transmission of the virus has been increasing, although it has not
yet been proven [4,6,8]. Our case along with some other reported cases
from all around the world [9-12], seem to further support this route of
transmission. Children and specially neonates with COVID-19 are mostly
asymptomatic or develop mild symptoms for which supportive care
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antiviral therapy (remdesivir), IVIG and corticosteroids due to respira-
tory failure and the critically unstable status resulting from COVID-19
[6,14,16-19].

2. Case presentation

Herein, a case of a neonate with COVID-19 born in HAKIM hospital,
Neyshabur, Iran is reported in line with the SCARE 2020 criteria. [20]
On April 10th 2021 at 6:10 a.m. the obstetrician called the resusci-
tation team to attend the anticipated vaginal birth of a term (39w + 4d)
baby boy. He was born to a 25-year-old mother (gravida 3, live 3) whose
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membranes had been ruptured 1 h prior to delivery. The mother had a
history of hypothyroidism which had been under control as well as
meconium-stained amniotic fluid. Fetal heart rate, amniotic fluid level
and the non-stress test were all normal. The mother's vital signs were
also in the normal range. It should be noted that COVID-19 screening is
not routinely performed for all pregnant women in our medical center.
Moreover, the mother did not report any signs or symptoms in favor of
COVID-19 or any other infections.

The baby was born at 6.20 a.m. with good muscle tone and cried
vigorously. Upon his birth our center's neonatologist was present in
delivery room. His 1st minute Apgar score was 9. His birth weight, head
circumference and length were within normal limits. However, 2 min
after birth, respiratory distress initiated along with cyanosis and his 5th
minute Apgar score reduced to 6. With respect to the oxygen saturation
level (SpO2) of about 60%, nasal continuous positive airway pressure
(NCPAP) was administered leading to a rise in SpO2 level. He was
immediately transferred to the neonatal intensive care unit (NICU)
where the SpO2 level dropped once again. On physical examination
performed by the neonatologist, respiratory symptoms including
tachypnea, mild intercostal and moderate subcostal retraction, nasal
flaring and grunting were diagnosed. Pulses in all four extremities were
full and symmetrical. His vital signs were as follows: temperature =
37.1 °C (Axillary), respiratory rate = 70 breaths/min, heart rate = 152
bpm, blood pressure = 69/42 mmHg and SpO2 = 60-65%. He had
decreased sucking, but normal grasp and Moro reflexes. Despite the
increase in the inspiratory fraction of oxygen (FIO2) to 0.6, he still
suffered from a SpO2 of about 60-65%. Given the NCPAP failure, the
mode was changed to noninvasive intermittent positive-pressure venti-
lation (NIPPV); yet the SpO2 did not increase. After endotracheal suc-
tioning using a meconium aspirator (no secretions or meconium
substance was noted), he was intubated. Despite symmetrical respira-
tory sounds, his SpO2 still remained at about 65% and did not rise, so the
ventilator supporting set up was gradually increased.

In the next step, sepsis workup was performed. Bedside chest
radiograph (CXR) demonstrated diffuse patchy granular infiltrates
compatible with meconium aspiration syndrome (MAS) (Fig. 1). The 1st
venous blood gas (VBG) revealed respiratory acidosis (Fig. 2); therefore
surfactant (Beraksurf ®) was administered (2.5 cc/kg) endotracheally
through a feeding tube.

Despite the aforementioned interventions, SpO2 decreased even
further. As pulmonary hypertension (pH) was also a probable diagnosis,
milrinone (0.3 pg/kg/min) and dopamine (5pg/kg/min) which were
later changed to sildenafil (1 mg/kg/dose four times a day) and
dobutamine (5 pg/kg/min) upon cardiology consult were administered.
Echocardiographic evaluation confirmed severe PH (Fig. 3). Captopril
(0.01 mg/kg/dose twice a day) was also added to decrease the afterload.
As the patient's condition did not improve following the 1st dose of
surfactant administration and regarding severe lung involvement,
COVID-19 real-time reverse transcriptase-polymerase chain reaction

Fig. 1. Chest Radiographies
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(RT-PCR) was performed on the endotracheal aspirate at the 4th hour of
life.

The VBG taken 2 h after surfactant administration had worsened
(Fig. 2). Hence, peak inspiratory pressure (PIP) was increased and the
positive end-expiratory pressure (PEEP) was reduced. Regarding the
CXR pattern taken 6 h after surfactant administration and the high
ventilator supporting set up, the second dose of surfactant (1.25 cc/kg)
was administered 10 h after the first one.

Gradually, SpO2 increased and the VBG improved (Fig. 2), and by
the 24th hour of life although no significant improvement was noticed in
his CXR, SpO2 reached 90% while the ventilator supporting set up was
still quite high.

COVID-19 RT-PCR result was declared positive at 24 h of admission
(day 2). Accordingly, it was decided to initiate remdesivir (5 mg/kg/
dose on day one followed by 2.5 mg/kg/dose once daily on days 2-5),
IVIG (1 g/kg/day, two consecutive days) and methylprednisolone (0.5
mg/kg/dose, twice a day) since the baby had diffuse lung involvement,
was still intubated and had shown no improvement (day 2). Liver and
kidney function tests were also performed and repeated every other day
to monitor possible remdesivir induced toxicity (Fig. 2); ferritin level
was also requested.

On day 4, inotropes were tapered and fentanyl dosage was reduced in
preparation for the anticipated extubation. 48 h after the addition of
remdesivir, IVIG and corticosteroid the need for ventilatory support
decreased; finally he was successfully extubated and NIPPV was initi-
ated due to his effective respiratory effort and persistent SpO2 of about
90-95%.

On Day 5 of his life (72 h following remdesivir, corticosteroid and
IVIG administration) the inotropes were ceased and CXR was repeated
(revealing significant improvement). COVID-19 PCR was also repeated
and reported as negative.

After seven days of methylprednisolone administration, it was
gradually tapered until discontinuation on day 14.

Due to the mild nonpersistent SpO2 drops, tachypnea of about 65-70
breaths/min and oxygen dependency, nebulized magnesium sulfate 2%
(given by blender) was initiated on day 7 in order to decrease the airway
hyperreactivity and inflammatory reactions. Magnesium sulfate 2%
inhalation stopped the SpO2 drops in 48 h while tachypnea improved
gradually; after about 13 days of administration, the patient was finally
discharged with no need for further oxygen therapy. Regular follow up
visits were planned for the patient. In his last follow up visit in our
hospital's clinic about two months later he was quite well and no res-
piratory problem was noticed.

Upon a positive COVID-19 RT PCR in our patient, his mother was
also tested and turned out to be positive the day after. As she did not
develop any signs or symptoms compatible with COVID-19 in the next
20 days she was declared as a silent carrier.

=
Y
R

Bilateral diffuse reticular and ground glass opacities in a newborn, without consolidation or pleural effusion (A). These abnormalities did not change significantly
after twice intratracheal surfactant instillation (B). However, significant resolution of lesions was noted after remdesivir, corticosteroid and IVIG administration (C).
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Methylprednisol

Medications
Dobutamine
e Ex
of Admission
(DOA) DOA1 DOA2 DOA3 DOA4 | DOAS | DOA8 | DOA10 | DOA1S | DOA19
Lab Tests
PH (VBG) 7.05 6.98 6.82 7.03 7.15 7.25 7.01 7.49 7.48 7.54 7.48 7.44
PCO, (Torr) 88.2 92 103 89 73.7 57.7 34.7 35 32.6 37.4 38.8 471
PO, (Torr) 30.9 14.1 29.1 13.9 19.5 17.9 45.2 62.6 60.1 65.3 87 47.6
HCO; (mmol/L) | 24.4 2 17.2 23.7 26.2 25.5 23 26.7 24.5 32 29.3 32
BE (mmol/L) 9.1 127 201 -9.6 -4 2.4 1 4.5 2.7 10.4 6.5 7.8
WBC (uL) 27710 10100 9200
Neut (%) 42 72 60
Lymph (%) 53 23 37
RBC (x10%/L) 4.85 4.04 3.6
Hb (mg/dL) 18.4 14.3 12.8
HCT (%) 55.6 42.2 40.8
PLT (ul) 327000 104200 347000
MV (fl) 114.64 104.46 113.33
MCH (pg) 37.94 35.4 35.56
MCHC (G/dL) 33.09 33.89 31.37
BUN (mg/dL) 7 20 6
Cr (mg/dL) 0.8 0.8 0.5
AST (mg/dL) 97 220 [ 132 | [ 72 55
ALT (mg/dL) 43 112 [ 122 | [ o6 48
PT 18.1 I 18.2 14.2
PTT (sec) >120 160 20
LDH (mg/dL) 1583 [ 073 | 418
CRP (mg/L) NEG 15 | 4.8
COVID-19PCR | POS NEG
Blood Culture NEG NEG
Ferritin (mg/dL) 220 308
CSF WBC (x10%/u) 10
CSF RBC (x10%/u) 250
CSF Pr (mg/dL) 39
CSF Glu (mg/dL) 44
CSF Culture NEG

Fig. 2. Laboratory tests and medications.

PH, potential of hydrogen; PCO2, partial pressure of carbon dioxide; PO2, partial pressure of oxygen; HCO3: bicarbonate; BE, base excess; VBG, venous blood gas;
WBC, white blood cell; Neut, neutrophil; Lymph, lymphocyte; RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; PLT, platelet; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; BUN, blood urea nitrogen; Cr, creatinine; AST, aspartate transaminase;
ALT, alanine transaminase; PT, prothrombin time; PTT, partial thromboplastin time; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCR, polymerase chain
reaction; CSF, cerebrospinal fluid; Pr, protein; Glu, glucose; POS, positive; Neg, negative. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)
3. Discussion

Our patient was born to an asymptomatic mother and became
symptomatic at the second minute of life. He developed early respiratory
distress, persistent hypoxemia and respiratory failure. These symptoms
are compatible with severe MAS, pneumonia and sepsis while pneu-
monia or sepsis could each be the stimulus for the development of MAS
[21]. Hence, sepsis workup was performed and antibiotics were initi-
ated. Considering severe hypoxemia, persistent pulmonary hypertension
resulting from MAS was highly suspected; so early treatment was initi-
ated (nitric oxide is not available in our country).

As he was born during the peak incidence of COVID-19 in our dis-
trict, when no improvement was achieved following surfactant admin-
istration (for suspected MAS-associated respiratory distress syndrome),
COVID-19 was also suspected and was later confirmed. SARS-CoV-2
infection could also be a possible etiology for MAS.

The very early manifestation of the disease in our patient along with
the positive COVID-19 PCR of both the neonate and his mother highly
implies the vertical acquisition of the infection, as was also previously
suggested by several other researchers [9,17,22,23].

To the best of our knowledge, COVID-19 might undergo 4 phases in
the body: viral entry and invasion, host immune response, the hyper-
inflammatory phase, and multiorgan dysfunction [24,25]. According to
the clinical symptoms and paraclinic findings, our patient seemed to be
in the late phase 2 and early phase 3. Although treatment in most cases
of neonatal COVID-19 has been mainly supportive, in a few case reports

remdesivir which is approved in emergency situations for all ages [26],
corticosteroids and IVIG have been successfully used [14,16-18]. IVIG, a
systemic immune modulator, has been successfully used in the early
phase of acute respiratory distress leading to disease progression pre-
vention and morbidity reduction [27].

Since our patient did not show any remarkable improvement in the
first 48 h of antibiotics and surfactant administration and regarding the
diagnosis of COVID-19, it seemed reasonable to initiate remdesivir,
corticosteroid and IVIG. Eventually, 48 h after the addition of the
mentioned medications, the need for ventilatory support decreased
significantly and he was extubated successfully. Remarkable radiologic
improvement developed in 4 days and was not typically compatible with
bacterial pneumonia which is usually expected to persist for weeks [28].
Taken together, the patient's improvement seemed to be mainly related
to the latter added medications.

Antibodies produced against viral agents are usually of the IgG class
which is actively transported across the placenta. IgG activates the
complement system through the classic pathway and amplifies the in-
flammatory response by increasing leukocyte chemotaxis and
complement-mediated opsonization. At the time of birth IgG (from
maternal origin) is the major antibody found in a newborn's circulation,
whereas its concentration begins to decrease postnatally reaching a
nadir at about 3-4 months of age. Sarah Gee et al. reported some im-
munity system alterations in neonates born to mothers with recent or
ongoing SARS-CoV-2 infection, one of which is the reduced transfer of
SARS-CoV-2-specific IgG to neonates due to impaired placental antibody
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Fig. 3. Echocardiography
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Transthoracic echocardiogram of the patient showing patent ductus arteriosus (D), mitral regurgitation (C), tricuspid regurgitation (E), dilated right atrium, right

ventricle and main pulmonary artery (A,B) and pulmonary hypertension (PH).

transfer [29]. Taking this into account along with IVIG mechanisms of
action [27,30] and its effectiveness in viral clearance, radiologic
remission and clinical improvement [31-33], it seems that the IVIG
administration played an important role in viral clearance, radiologic
remission and clinical improvement of our patient as well.

Furthermore, upon remdesivir initiation, kidney and liver function
tests were monitored regularly. In this case aspartate transaminase
(AST) and alanine transaminase (ALT) showed a slight increase which
was less than the limit necessitating its discontinuation [34]. However,
as they began to decrease in 2 days, the remdesivir course was
completed successfully.

Magnesium sulfate 2%, a smooth muscle relaxant, exerts anti-
cytokine effects, reduces airway hyperreactivity, and induces broncho-
dilation and vasodilation, hence improving the ventilation-perfusion
mismatch. Therefore, it can be used as an adjuvant therapy to
improve the patient's oxygenation (comparable to Nitric oxide) [35,36].
Moreover, the systemic adverse reactions of magnesium sulfate 2%
could be reduced through using its nebulized form instead of the sys-
temic forms [35,36]. In our patient magnesium sulfate 2% inhalation
could have improved post-extubation transient hypoxemia. After about
20 days the patient was discharged with no need for oxygen therapy. In
his follow up visits he was quite well and no respiratory problem was
noticed.

4. Conclusion

This case is the youngest of the total six neonates who have been
treated with remdesivir, IVIG and corticosteroids worldwide. Although
further studies are recommended to better elucidate the appropriate
treatment approach in neonates, the early administration of remdesivir
along with corticosteroids and IVIG should be considered in severe
neonatal COVID-19 cases. These medications in combination with sup-
portive care could play a lifesaving role in such patients.

Abbreviations

SARS-CoV-2 severe acute respiratory syndrome-coronavirus-2
COVID-19 coronavirus disease 2019

IVIG intravenous immune globulin

Sp0O2 oxygen saturation level

NCPAP nasal continuous positive airway pressure

NICU neonatal intensive care unit

FIO2 inspiratory fraction of oxygen

NIPPV  noninvasive intermittent positive-pressure ventilation
CXR chest X-ray; chest radiograph

MAS meconium aspiration syndrome

VBG venous blood gas

PH pulmonary hypertension

RT-PCR real-time reverse transcriptase-polymerase chain reaction
PIP peak inspiratory pressure

PEEP positive end-expiratory pressure

AST aspartate transaminase

ALT alanine transaminase
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