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Clinical Features and Outcome of Confirmed COVID-19 Neonates in
North Sulawesi, Indonesia: Serial-Cases, Single-Centre
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As the research of COVID-19 is still ongoing, especially in neonates, this case series aimed to establish new information regarding clinical
manifestations that might be accompany neonates who were COVID-19 confirmed, regardless the route of transmission. We report five confirmed
COVID-19 infants. Data were collected from the patients’ medical records in COVID-19 Neonatal Isolation Ward, Prof. Dr. R. D. Kandou
Hospital, Manado, North Sulawesi, Indonesia. The clinical findings among neonates with confirmed COVID-19 appeared to be varied. Some
shows mild symptoms, while the others died from complication of sepsis. This studies also found congenital anomaly might be one of the
manifestations of COVID-19 infection. Further researched is needed to established the route of COVID-19 transmission to the infants.
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Introduction

Due to immaturity of immune system and the possibility of
mother to fetal vertical and aerosol transmissions, neonates
are particularly vulnerable to the coronavirus (SARS-CoV-
2) infection.[!! Recent studies show immunoglobulin (Ig)-M
antibodies have been detected in newly born infants, although
viral RNA has not been isolated, suggesting a possibility of
vertical transmission. Moreover, disturbance of the placental
barrier in placental abruption or maternal-fetal haemorrhage
may become the entrance for virus and/or IgM antibodies
transmission to the fetal circulation.

Pregnant women seem to be more susceptible to viral
infections due to partial immune suppression. During the last
trimesters, it is reported that fever, dry cough, fatigue, myalgia,
and sore throat are the main clinical findings of COVID-19 in
pregnant women. From laboratory findings, peripheral white
blood cell counts are either normal or decreased, it is often
lymphopenia, mild thrombocytopenia, and elevated levels of
liver enzymes, creatine phosphokinase, and C-reactive protein
have been reported. Detection of viral nucleic acid from
SARS-CoV-2 using RT PCR has been referenced as the
standard diagnostic. Specimens from saliva, nasopharyngeal
and oropharyngeal swabs, sputum, endotracheal aspirate, or

bronchoalveolar lavage, urine, and stool should be evaluated
using RT-PCR. "]

Study has found neonates with COVID-19 do not have any
specific clinical findings. The relationship between postna-
tal tachypnea, feeding intolerance, mechanical ventilation
requirement and abnormal laboratory results and COVID
infection is not fully established. Fever, respiratory distress,
dyspnea, cyanosis, tachycardia, feeding intolerance, vomit-
ing, and lethargy are reported to be common symptoms in
neonates with COVID-19 infection.[3] Duran P et al con-
ducted a systematic review of 222 newborns whose moth-
ers were suspected or confirmed to be SARS-CoV-2 positive
perinatally were evaluated, it was concluded that some of the
most common clinical findings were increased preterm deliv-
ery rate, intrauterine fetal distress, respiratory failure find-
ings (Respiratory Distress Syndrome and Transient Tachyp-
nea of Newborn), pneumonia, low birth weight, chorioam-
nionitis, and meconium-stained amnion. Among them only 13
were reported as positive for SARS-CoV-2; while most were
reported no or mild symptoms and no adverse perinatal out-
comes. Two studies among those neonates who tested positive
reported moderate or severe clinical findings. ¥

Kanburoglu MK et al, ¥ performed a study on 37 babies whose
mothers did not have COVID-19 infection during pregnancy
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and had community-based COVID-19 infection after. From
the calculation 49% experienced fever, 41% hypoxemia,
27% cough, and 24% experienced tachypnea. Other findings
detected with less frequency are feeding difficulty, retraction,
diarrhea, nasal congestion, runny nose, and exanthema. ]

Our series of neonates’ cases with confirmed COVID-19
were taken place during the first outbreak of SARS CoV-
2 infection in North Sulawesi, Indonesia, occurring between
March 2020 and June 2021. Among 564 neonates with
suspected SARS CoV-2 infection who admitted to COVID-
19 Neonatal Isolation Ward in Prof. Dr. R. D. Kandou
Hospital, there were 5 of them, confirmed positive of COVID-
19. The suspected COVID-19 neonates were either born
from suspected or confirmed COVID-19 mother or having
referred from peripheral health care facility with SARS CoV-
2 infection suggestive symptoms. Prof. Dr. R. D. Kandou
Hospital is the only referral hospital and treatment centre for
SARS CoV-2 infection in North Sulawesi, Indonesia, which
is facilitated with COVID-19 Neonatal Isolation Ward. All
neonates with suspected or confirmed COVID-19 infections
around the province will be referred to Prof. Dr. R. D. Kandou
Hospital for further management.

Case Presentation 1

The mother of the newborn is 43 years old with G2P1AO0,
38-39 weeks of gestation age who lives in Manado. On
December 15" 2020, she had caesarean delivery due to uterine
fibroid, high risk pregnancy, oligohydramnios, intrauterine
growth retardation, and breech presentation. Her rapid SARS-
CoV-2 test was reactive. She denied having contact with
confirmed or suspected COVID-19 patient. She had no history
of hypertension, diabetes, or heart disease. Fever, cough,
swallowing pain, and shortness of breath before delivery were
also denied. She delivered a baby boy weighing 1,500 gr,
with body length of 39 cm. Apgar scores were 5 and 7, with
muscle tone weak but crying was loud. During observation
after delivery, the baby down score was 2 with respiratory
rate 68 times per minute and minimal retraction. The mother
had been wearing an N95 mask throughout the operation,
and baby had no contact with mother after birth. The mother
and her infant were both transferred to the COVID-19 room
isolation, with the later was treated separately in incubator
inside COVID-19 neonatal isolation ward.

His vital signs were stable with the blood oxygen saturation
maintained above 95% with oxygen nasal cannula, the
respiratory rate was 68 times per minute, his pulse was 130
beats per minute with strong and regular pulse and temperature
of 36.6 degrees Celsius. Upon physical examination, the baby
was found to have paraphimosis, his preputium was retracted
beyond the corona of penis and unable to be pulled back.
However, there were no swelling and redness observed around

the area.

Blood tests of the newborn revealed within normal limit,
with white blood cell 12,200 /mm?, haemoglobin 19.5 g/dL,
hematocrit 55.1 %, platelets 213,000/mm?>, eosinophil 1%,
basophil 0 %, band neutrophil 0 %, segment neutrophil 66%,
lymphocyte 25 %, monocyte 8 %, IT ratio 0, and CRP <6
mg/dL. Rapid test of SARS-CoV-2 was negative. The result
of first pharyngeal swab obtained on December 17", 2020
for SARS-CoV-2 was negative. However, the second SARS-
CoV-2 pharyngeal swab performed on the very next day was
revealed positive. The chest radiograph of the neonate taken
on December 15%%, 2020 showed no abnormalities in the lung
and heart.

The newborn was treated with oxygen via nasal cannula, 10%
dextrose for fluid maintenance on the first day, ampicillin
antibiotic intravenous 100 mg/kgBW/day divided into two
doses, and gentamycin intravenous 5 mg/kgBW/day. He was
temporarily oral stop. On the fifth day of observation, his
hemodynamic was unstable, he had bradycardia with heart
rates was 84 beats per minute, respiratory rate was 72 times per
minute, oxygen saturation was 88%. He looked icteric and his
total bilirubin result showed 11.58 mg/dL, with direct bilirubin
0.34 mg/dL. He was then diagnosed with Septic Shock,
Symmetrical IUGR, Hyperbilirubinemia, Paraphimosis, and
Confirmed COVID-19. He was given oxygen via nasal
cannula and titrated with dobutamine 5 mcg/kgBW/min.
Second line antibiotics were administered; ceftazidime 50
mg/kgBW/12 hours and amikacin 7.5 mg/kgBW/12 hours to
treat his worsening condition. Phototherapy was performed
for his hyperbilirubinemia. He was immediately transferred
to NICU for further care, after his SARS-CoV-2 pharyngeal
swab revealed negative. During the care in NICU, his overall
condition gradually improved.

Case Presentation 2

The neonate was being referred on December 17", 2020
from peripheral hospital with diagnosis of term neonate
appropriate of gestational age, moderate respiratory distress,
and intraabdominal tumor. She was born on December 15,
2020 through caesarean delivery due to breech presentation.
Her birth weight was 2,900 gram and birth length 44 cm.
She was born with Apgar score 5 and 7. Her mother was
36 years old woman with G4P3A0, 38-39 weeks of gestation
age. During pregnancy, she has no complaints of hypertension,
shortness of breath, fever, or cough. Her SARS CoV2 test was
not performed. She routinely controlled her pregnancy to the
nearest public health centre and no concern raised regarding
to her fetus. Right after the baby was born, she had grunting
and nasal flaring, her subcostal and intercostal retractions were
deep, and her breathing was distressed. Down score was 6. On
her physical examination, there was visible mass on the right
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side of abdominal region. Inspection on the mass revealed no
redness or discoloration. Upon palpation, the size of mass was
around 5 cm, tender, immobile, and had smooth surface. There
was no temperature difference around the mass.

On laboratory examination from December 17, 2020, white
blood cell 17,100/mm?, haemoglobin 15.9 g/dL, hematocrit
45%, platelets 236,000/mm?, eosinophil 0%, basophil 0%,
band neutrophil 3%, segment neutrophil 79%, lymphocyte 9%,
monocyte 9%, IT ratio 0.03, CRP <6 mg/dL, ALT 3 U/L,
AST 30 U/L. The baby was being screened for SARS-CoV-
2 infection on December 18 2020 and the nasopharyngeal
swab revealed positive. The babygram obtained on December
17", 2020 showed no abnormalities in the lung and heart, but
there was suspected hepatomegaly.

She was treated in neonatal isolation ward for COVID-19
with Continuous Positive Airway Pressure (CPAP) 40%
PEEP 7 cmH,O, ampicillin antibiotic intravenous 100
mg/kgBW/day divided into two doses and gentamycin intra-
venous 5 mg/kgBW/day. She was temporarily oral stop. After
4 days of first line antibiotics, the baby showed no improve-
ment and started to develop gastrointestinal bleeding. The
antibiotics were then changed to second line with ceftazidime
50 mg/kgBW/12 hours and amikacin 7.5 mg/kgBW/12 hours.
On the eight days of treatment, her conditions declined and she
was died because of multiple organ failure caused by sepsis.

Case Presentation 3

A baby girl was born at December 7, 2020 through caesarean

delivery with indication of mother with severe preeclampsia
and sustained fetal heart rate >160 beats per minute. The infant
was born with birth weight 2,800 gram and birth length 48 cm.
Her Apgar score were 1, 3, 5, and 6. The mother was only
17 years old with high-risk pregnancy (her weight was 100
kg), anemia, severe preeclampsia, and bilateral pneumonia.
During the end of her third trimester, she experienced cough
and shortness of breath. The mother’s chest x ray showed
ground glass opacity bilateral and she was later diagnosed
with Confirmed COVID-19. The baby was having respiratory
distress and grunting right after birth. Sepsis risk factor for this
baby is low Apgar score and sustained fetal heart rate >160
beats per minute. Her down score was 2.

Upon physical examinations, her vital signs were normal.
However, there were found some congenital anomalies, such
as unilateral athelia, where the areola was missing on right
side of chest and rachitic rosary was also prominent on that
very side. Her laboratory examinations were all within normal
limit. Her nasopharyngeal swab for COVID-19 on December
8", 2020, showed positive result.

The newborn was treated with oxygen via nasal cannula,
ampicillin antibiotic intravenous 100 mg/kgBW/day divided

into two doses and gentamycin intravenous 5 mg/kgBW/day.
He was consulted to pediatric endocrinology division for
further diagnostic evaluation of the anomalies.

Case Presentation 4

A 10 days old neonate was referred from peripheral area in
North Sulawesi to our centre. The neonate was a girl, born
on April 4", 2020 from spontaneous delivery. Her mother
was G1P0OAO, with full term gestational age. Mother had no
clinical symptoms. There was no screening performed to the
mother regarding SARS-CoV-2 infection prior to delivery.
The newborn birth weight was 3,100 gram and birth length
48 cm. The Apgar score was unclear; however, it was said the
baby cried right after she was born. There were no risk factors
for sepsis. She was then discharged from primary health care
facility with her mother.

When she was 9 days old, she suddenly developed fever
complicated with seizure. Shortness of breath and cough were
denied. There was no family member diagnosed with COVID-
19. Contact with COVID-19’s patient was also denied. Mother
was tested negative for COVID-19 on June 13", 2020.
The baby was diagnosed with term infant appropriate for
gestational age, neonatal pneumonia, probable late onset of
sepsis, seizure et causa Probable Sepsis, and Probable COVID-
19.

On physical examination, her vital signs were within normal
limit. From laboratory result upon admission; white blood
cell 14,600 /mm?3, hemoglobin 14.3 g/dL, hematocrit 39.8 %,
platelets 231,000/ mm?3, eosinophil 4 %, basophil 0 %, band
neutrophil 0 %, segment neutrophil 25 %, lymphocyte 52 %,
monocyte 19 %, IT ratio 0, and CRP <6 mg/dL. Babygram was
performed and showed diffuse reticular nodular appearance on
both lung fields suggesting bilateral pneumonia neonatal.

She was screened for SARS-CoV-2 infection, and her first
nasopharyngeal swab on June 14*", 2020 showed negative
result. However, the result for the second swab done on the
next day showed positive.

Patient was treated with oxygen via nasal cannula, main-
tenance intravenous fluid, ampicillin antibiotic intravenous
100 mg/kgBW/day divided into two doses and gentamycin
intravenous 5 mg/kgBW/day, phenytoin injection with load-
ing dose 20 mg/kgBW within 30 minutes and continued with
maintenance dose 5 mg/kgBW/12 hours, given 12 hours later,
and temporally oral stop.

Case Presentation 5

A baby boy was born on July 9t", 2020 through caesarean
delivery with indication of mother confirmed COVID-19 (her
nasopharyngeal swab for COVID-19 was positive). Despite of
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the positive swab, mother had no complaints. She was known
to have arthritis rheumatoid since 9 years ago. She had no other
comorbid, her blood pressure and blood glucose were normal.
There was no known contact with other confirmed COVID-19
person. The baby’s birth weight was 3,000 grams, birth length
42 cm, and Apgar score were 6 and 8 respectively. There was
no risk factor for sepsis. The newborn developed shortness of
breath 5 hours after he was born.

From physical examination, the baby looked less active. His
heart rate was 150 beats per minute, respiratory rates 60
times per minute, body temperature was 36.7°C, and oxygen
saturation was 96%. Upon chest examination, there was found
mild retraction at subcostal region, otherwise everything was
within normal limits. His down score was 2. Laboratory
results white blood cell 16,000 /mm?3, haemoglobin 15.2 g/dL,
hematocrit 40.6 %, platelets 198,000/ mm?, eosinophil 1 %,
basophil 0 %, band neutrophil 1 %, segment neutrophil 67 %,
lymphocyte 23 %, monocyte 8 %, IT ratio 0.01, and CRP <6
mg/dL. His first nasopharyngeal swab on July 10", 2020 for
COVID-19 appeared positive.

He was then diagnosed with term infant appropriate for gesta-
tional age, suspected with transient tachypnea of newborn with
differential diagnosis of neonatal pneumonia, and Confirmed
COVID-19. The baby was treated with oxygen via nasal
cannula, intravenous fluid maintenance, ampicillin antibiotic
intravenous 100 mg/kgBW/day divided into two doses and
gentamycin intravenous 5 mg/kgBW/day.

Figure 1: (A) Clinical picture of patient 1; (B) Para-
phimosiswas observed on confirmed COVID-19 neonate.
The inspection revealed no rednessand swelling on the
foreskin and penile. Upon retraction, the foreskin was-
failed to be pulled back to cover the tip of penile.

.

Figure 2: (A) Clinical picture of patient 2. Intraabdom-
inal masswas visible and palpable on the right abdomi-
nal quadrant; (B) Babygram of theneonate showed nor-
mal appearance of heart and lung. There was mass on
the rightupper quadrant of abdomen with suspected of
hepatomegaly.

Figure 3: Unilateralathelia and rachitic rosary on the
right side of chest were observed fromconfirmed COVID-
19 neonate (A) front view, (B) side view.
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Table 1: Characteristics,clinicalfindings,and neonataloutcomesfrom fiveconfirmedCOVID-19 neonates

Patient I Patient I1
Neonatal Out- Discharge Died from multiple
comes organ failure caused by
sepsis
Neonatal  birth- 1,500 grams 2,900 grams
weight
Apgar Score (I 5 5
minute)
Apgar Score (5 7 7
minute)
Neonate’s status  Confirmed Confirmed COVID-19
of COVID-19 COVID-19
First RT PCR Negative (24 Positive (24 hours after
on nasopharyn- hours after  birth)
geal swab for birth)
SARS-CoV-2

Second RT PCR Positive (48

on nasopharyn- hours after  birth)

geal swab for Dbirth)

SARS-CoV-2

Congenital Paraphimosis  Intraabdominal mass
Anomaly

Neonatal Compli- Septic shock,

cations symmetri- tress, late onset sepsis,
cal IUGR, GIT bleeding
hyperbiliru-
binemia, mild
respiratory
distress

Mother’s Status of COVID-19

First Trimester SARS-CoV-2  SARS-CoV-2 test was
test was not not performed
performed

Second Trimester ~ SARS-CoV-2  SARS-CoV-2 test was
test was not not performed
performed

Positive (48 hours after

Severe respiratory dis-

Patient II1 Patient IV Patient V
Discharge Discharge Discharge

2,800 grams 3,100 grams 3,000 grams

1 unknown 6

3 unknown 8

Confirmed Confirmed Confirmed
COVID-19 COVID-19 COVID-19
Positive (24 hours Negative (10 days Positive (24 hours
after birth) after birth) after birth)

Positive (48 hours Positive (11 days Positive (48 hours

after birth) after birth) after birth)
Unilateral athelia no no
and rachitic rosary
Mild respiratory Fever, seizure, Mild respiratory
distress no respiratory  distress

distress
SARS-CoV-2 test SARS-CoV-2 test SARS-CoV-2

was not performed  was not performed test was  not

performed
SARS-CoV-2 test SARS-CoV-2 test SARS-CoV-2
was not performed was not performed test was not

performed

Discussion

Several previous studies concluded the most common clinical
findings on neonates infected with SARS-CoV-2 are respira-
tory failure findings (RDS and TTN), pneumonia, low birth
weight, chorioamnioitis, and meconium-stained amnion. 34
Similar with existing studies, neonates with confirmed COVID
19 in our center also shows respiratory manifestations, includ-
ing fast breathing and chest retraction, which lead to pneumo-
nia suggestive symptoms. Low birth weight newborn was also
observed in one of our cases.[¢!?]

A retrospective case-control study in China reported outcomes
of neonates born to mothers with COVID-19.[131In that study,
from January 24" to February 29*", 2020, neonatal outcomes
of 36 pregnant women with COVID-19 pneumonia were
compared with those of 121 pregnant women without COVID-
19 admitted during the same period (2020 control group) and
121 women admitted between January 24 and February 11,
2019 (2019 control group). The results showed that rates of
low birth weight (13.9%) and premature birth (22.2%) among
neonates born to mothers with COVID-19 were significantly
higher than those in the 2 control groups (2.5% and 5.4%,
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Third Trimester SARS-CoV-2 test SARS-CoV-2
was not performed test was not

performed
Prior to Delivery Rapid SARS- SARS-CoV-2
CoV-2 test was test was not

reactive performed
Postnatal Confirmed SARS-CoV-2
COVID- 19 test was not

performed

(positive RT PCR

SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 test was
test was not test was not notperformed
performed performed

Confirmed SARS-CoV-2 Confirmed COVID-19
COVID-19 test was not

(positive RT PCR  performed (positive RT PCR on
on nasopharyn- nasopharyngeal swab
geal swab for for SARS-CoV-2)
SARS-CoV-2)

Confirmed Negative Confirmed COVID-19
COVID-19 (negative RT

(positive RT PCR  PCR on nasopha- (positive RT PCR on
on nasopharyn- ryngeal swab for nasopharyngeal swab
geal swab for SARS-CoV-2) for SARS-CoV-2)
SARS-CoV-2)

on  nasopharyn-
geal swab for
SARS-CoV-2)

Figure 4: Babygram photo of case 4, obtained from 10
days oldneonate with confirmed COVID-19. It showed

diffuse reticular nodular appearance on both lung fields
suggestingbilateral pneumonia neonatal.

respectively). [7-13]

Although data on outcomes of patients with maternal and
neonatal COVID-19 are still limited, pregnant women and
their neonates might be at increased risk for developing severe
COVID-19 and experiencing unfavourable birth outcomes.
From our study, two of the cases in which the mother was
confirmed COVID-19, the newborns developed shortness of
breath not long after being born. Our finding also goes
along with previous study from Zhu et al.l'¥l The study
described six of the newborns from mother with COVID-
19 developed shortness of breath. Similar with study of

newborns with positive SARS-CoV-2 infection in Tongji
Hospital in Wuhan conducted by Yu et al.['*] They found
the clinical manifestations relatively modest, with only
mild shortness of breath, and no fever or cough. Another
case reports showed three patients developed disseminated
intravascular coagulation (DIC), possibly because of immature
immune function of the neonates and suspected sepsis.['®]
One of them eventually died, one improved with antibiotic
treatment, and the other also improved after receiving
intravenous immunoglobulins (IVIG) transfusion.['®)From
our study, most of newborns had only mild symptoms, mainly
involving respiratory distress and improving after course of
first line antibiotics, closely isolated monitoring, and other
supportive therapies. Nevertheless, some neonates showed
more complicated clinical findings, such as severe shortness of
breath, fever, and seizure, which resulted in one of the neonates
subsequently died from sepsis.[!7-2"]

Our findings also found two cases of confirmed COVID-
19 neonates who were born from mother with unknown
COVID-19 status. Both neonates were referral neonates from
peripheral region. The neonates developed symptoms with
unclear source of infection.?!*21 In one of the cases, the
symptoms occurred after the neonates reached 9 days old,
when he suddenly got fever and seizure. Upon investigation,
mother was tested negative for SARS CoV-2 infection.
However, it was not until infant’s symptoms appeared, that
mother and infant were both finally examined for SARS
CoV-2 infection. This indicated that mother COVID-19
status was unknown while giving birth or during prenatal
period. >3723] The neonate’s clinical symptoms were gradually
improved after receiving adequate treatments. Another referral
case of confirmed COVID-19 neonate was a neonates born
with intraabdominal mass and having severe respiratory
distress with down score of 6. Mother’s examination for
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SARS CoV-2 infection was not performed as there were no
symptoms regarding the infection. However, as the newborn
developed symptoms, she was immediately referred to our
centre and complete examinations were conducted. Upon
examination, she has severe respiratory distress, with nasal
flaring, tachypnea, and deep retraction both on subcostal and
intercostal.[?°2°1 From abdominal physical examination, we
found the visible mass on the right upper quadrant with no
redness or discoloration, palpation revealed the size of mass
was around 5 cm, with tender consistency, smooth surface,
immobile, and no heat from the area. From babygram’s
expertise, both heart and lung were within normal limit,
however there was a mass at upper quadrant of abdominal
cavity suggesting hepatomegaly. Result of nasopharyngeal
swab for COVID-19 was positive. After 8 days of treatment,
the baby’s condition got worse, and subsequently died from
complication of sepsis. Unfortunately, the route of SARS
CoV-2 infection remained unknown, as both neonates were
born at the peripheral health facility with limited examination
regarding to SARS CoV-2 infection at that time.

The other case of confirmed COVID-19 neonate in our centre
was a baby girl born from 17 years old mother with confirmed
COVID-19 who showed severe SARS CoV-2 infection
symptoms. Mother has complicated prenatal complications,
including severe preeclampsia, anemia, high risk pregnancy,
and pneumonia. The clinical findings from the mother were
shortness of breath, cough, and fever. Her chest radiograph
revealed ground glass appearance. The mother later died from
respiratory failure. However, the neonate shows relatively
mild respiratory symptoms, with down score of 2. She had
fast breathing and mild subcostal retraction. Despite of modest
clinical manifestations, we found some congenital anomalies,
including unilateral athelia and rachitic rosary presented on
this newborn. Following adequate therapies, the respiratory
distress relieved and the neonate recovered well.

In term of Apgar score, from our findings, most newborns
were reported to have Apgar score of 7-8 at five minutes.
Although our case series don’t have any comparisons to the
non COVID-19 newborns, this result is in concordance with
the study from Oncel et al,[”! in which the Apgar score at the
5t minute was significantly lower in newborns with SARS-
CoV-2 infection compared with neonates without SARS-
CoV-2 (8 (7-9) vs. 9 (9-10), 95% CI 0.263— 0.998, p =
0.039). It was also established from their research, the need
for mechanical ventilation or nasal CPAP was higher (75%
vs. 19%, 95% CI 1.271-128.5, p = 0.028), and the duration
of hospitalization was significantly longer in the newborns
with SARS-CoV-2 infection (26 (15-48.5) vs. 7 (3—11) days,
95% CI 1.018-1.148, p = 0.033).[7) These findings were
appropriate with several studies in which baby with confirmed
COVID-19 showed respiratory distress manifestation. Our
5 neonates were also showed symptoms of shortness of

breath, varied from mild to severe. However, as our centre
lack of advanced oxygen supplementation machine, such as
mechanical ventilation in neonate isolated ward for COVID-
19, we could not establish the data regarding the matters.

The characteristics, clinical findings, and neonatal outcomes
from five confirmed COVID-19 neonates are showed in [Table
1]. It is interesting to note that our case series show 2 neonates
with negative result for first RT-PCR nasopharyngeal swab
of SARS-CoV-2 infection, and turn out positive on the next
swab. These findings are similar with case reported in Iran.%!
Recently, Zou et al in China reported the correlation between
viral loads of SARS-COV-2 in RT-PCR test and the timing of
swab sampling after symptoms occurred. They concluded the
sensitivity of RT-PCR test depends on the source of sampling
(e.g. throat, nose, etc.), time of sampling and the health care
provider’s skill in performing an accurate sampling.

Upon investigation of neonates with confirmed COVID-19
in our centre, we found three of the neonates were showing
congenital anomalies, such as rachitic rosary, unilateral athe-
lia, intraabdominal mass, and paraphimosis. While congenital
anomaly in neonates with confirmed COVID-19 hadn’t been
reported yet, and not much study had mentioned it, we can-
not rule out the possibility of SARS-CoV-2 in account for
those congenital anomalies. Although, the studies and datas
were still limited, the potential for vertical transmission can-
not be excluded. The risks for birth defects in newborn from
mother with SARS-CoV-2 infection need to be investigated,
especially because there are several viral infections known that
cause adverse outcomes in pregnancy, even when no vertical
transmission is recognized. [**! Further researches were needed
to establish the mechanism involving the matters.

Confirmation regarding SARS-CoV-2 infection transmission
in neonates has not been established. There were several
hypotheses being investigated. The infection of SARS-CoV-
2 could be from mother to fetal (vertical transmission) or
droplets. It is also proposed SARS-CoV-2 infection of preg-
nant mother led to the increasing of fetal immune response
and affect its development. Vivanti et al,!®) demonstrated a
neonatal case of SARS-CoV-2 through vertical or transplacen-
tal transmission. Such vertical transmission following mater-
nal viremia, placental infection, and neonatal viremia was con-
firmed by comprehensive virological and pathological investi-
gations. The viral load of SARS-CoV-2 in the placental tissue
was much higher than that in any other specimen such as the
maternal and neonatal blood. A placental histological exam-
ination also revealed placental inflammation.!] Study from
Kirtsman et aland Kulkarni et alalso supported placental infec-
tion of SARS-CoV-2 in two neonates with COVID-19.[10:11]

From recent studies proposed, it is possible the SARS-
CoV-2 infection to alter the development of fetus during
pregnancy through several possible mechanisms. According
to Shi L et al, [??lviral infection can affect the fetus through the
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maternal inflammatory response. Inflammatory response can
be manifested as histological chorioamnionitis or leukocyte
infiltration into the chorion and amniotic membrane in
uterus.[??]

During pregnancy, there were many changes in the body of
woman to tolerate the development of fetus that presents
non-self-antigen and prepare for the potential pathogen inva-
sion. These require immune adaptations both systemically
and locally.>Immune system shows a dynamic adapta-
tion throughout the different stages of gestation. In the first
trimester, it is important to have a pro-inflammatory environ-
ment in order to succeed embryo implantation and placen-
tation. While during the second trimester, around the 13"
week of gestation, the immune system needs to create an anti-
inflammatory state to help the growth and development of
fetus. Finally, at the end of pregnancy, a pro-inflammatory
state is developed to prepare the delivery.[?®! These recent
years, numerous studies have suggested the important role of
placenta in immune system regulation of maternal-fetal. Pla-
centa and fetal membranes are selective barriers that critical to
nourish and protect the developing fetus. Besides, the placenta
is well known as immunity-modulating organ which regulates
the immune responses of cells present both at the implantation
site and systemically. This immune mechanism was performed
by trophoblast, especially if there is a serious infection at the
maternal-fetal interface. 272’1

In general, viral infections interfere gestation through some
manners. The virus capable of crossing the placenta can reach
the fetus and cause serious damages of its development.
In addition, the viral infection of cells at the maternal-fetal
interface can interrupt placental function, cause miscarriages,
intrauterine growth restriction and preterm birth.[3% On the
other hand, the soluble immune factors produced by viral
infection of the decidua and placenta can pass through
and reach the fetus causing disruption of its growth and
development. This disruption subsequently leads to altered
organogenesis. The last mechanism explains the virus itself
doesn’t need to be transmitted to the fetus in order to damage
its development. The virus is capable of indirectly affect the
fetus through immune response. A study was performed on
animal model to assess the consequences of a viral infection
characterized by absence of transmission to the fetus. [**! Viral
infection of maternal can lead to productive replication in the
placenta and cause increase of fetal inflammatory response,
even when the virus is not detected in the fetus. They propose
this inflammatory response may induce organ damage and
developmental deficiencies. Moreover, the viral infection may
sensitize the pregnant mother towards bacterial products and
induce preterm labor. %]

Another interesting finding related to placenta of mothers with
COVID-19 from third trimester was found.*!! They have
increased features of maternal vascular malperfusion (MVM)

in comparison to control. These features include abnormal
maternal vessels and intervillous thrombi, which influence
physiology of placenta, causing a systemic inflammatory or
hypercoagulable state.3'] A study described the pathology
and clinical information on 20 placentas whose mother
tested positive for the COVID-19; 10 from 20 cases showed
evidence of fetal vascular thrombosis suggesting that maternal
COVID-19 infection might be associated with propensity for
thrombosis in the fetal circulation. (!

Another supporting researches also indicate that SARS-CoV-
2 is capable to cross both placental barrier and blood brain
barrierbecause of the viral IgM detected in infants hours
after birth and in cerebrospinal fluid.*334 Vertical trans-
mission of SARS-CoV-2 from mother to fetus was medi-
ated through entry receptor, namely angiotensin-converting
enzyme 2 (ACE2) and S protein proteases, as both of them
were expressed in developing human embryo. SARS-CoV-
2 enters the cell through the binding of viral spike (S) pro-
tein to the cellular receptor Angiotensin-converting Enzyme
2 (ACE2) and protein priming mediated by serine protease
Transmembrane Protease Serine 2 (TMPRSS2), which cleaves
the S protein.*>) The ACE2 gene is expressed in endometrium
and different cell types in early placenta, including stro-
mal cells and syncytiotrophoblast. [2%36371In early pregnancy,
a very low ACE2 level of expression was detected in tro-
phoblast. Its expression gradually increases along with the
trimester of pregnancy and being able to transfer the virus trans
placentally to the fetus much more during the later stage of
gestation. Animal data shows that ACE2 expression changes
in fetal tissues over time and reaches a peak between the end
of gestation and the first days of postnatal life,[?”) which sug-
gest that transplacental transmission is indeed possible in the
last weeks of pregnancy. Meanwhile, in the developing fetus,
ACE2 is widely expressed in many different organs including
kidney, heart and liver. 37381

In addition, the TMPRSS2 gene was modestly expressed in
early pregnancy and increases over time in endometrium and
placenta, but with lower levels than ACE2.[2%-36:37] TMPRSS2
is co-expressed with ACE2 in the embryonic heart and lungs,
suggesting a possible fetal infection during pregnancy. 2037381

Another interesting notes regarding these receptors, it is
notably, ACE2 and S protein proteases are expressed in
early gametes, zygotes, and 4-cell embryos.3°! Thus, direct
transmission of infection of blast cells by SARS-CoV-2 may
be possible, but remains to be confirmed. In developing
embryos, the health of these cells of the epiblast is crucial
as these cells undergo organogenesis. Any functionally
alterations in early embryonic cells by the viral infection may
lead to adverse birth defects. These findings raise our concern
regarding screening and studies that widely performed mainly
during the last trimester of pregnancy, while many researches
have shown the SARS-CoV-2 infection was capable to causing
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adverse outcome from the very beginning of gestation. [*]

Conclusion

In spite of the mild symptoms showed by most newborn with
confirmed COVID-19, it was also noticed, some developed
more severe clinical manifestations. Our findings found some
confirmed COVID-19 neonates were born with congenital
anomaly. Whether SARS-CoV-2 infection can contribute to
these findings was remain to be investigated. Some existing
researches had proposed the possible mechanisms, but they
were needed further scrutinises for confirmation. The routes
of SARS-CoV-2 infection in neonates were also still being
examined. Direct invasion of the virus to the fetus by crossing
the placenta cause disruption to fetus growth and development
has been proposed. This possible mechanism was supported
by the discovery that ACE2 and TMPRSS2 as two major host
factors that contribute to the virulence of SARS-CoV-2 were
widely expressed in human embryo. Immune system was also
found to play important role in indirect infection of virus to
the fetus which capable of causing similar adverse outcomes.
These findings also raise our concern regarding earlier and
routine antenatal screening for SARS-CoV-2 infection in
pregnant woman to detect and prevent any unfavourable
outcomes from the very beginning of gestation. On top of that,
further researches are needed to support previously existed
studies.

References

1. Silasi M, Cardenas I, Kwon JY, Racicot K, Mor AP, G.
Viral infections during pregnancy. Am J Reprod Immunol.
2015;73:199-213. Available from: https://dx.doi.org/10.1111/
aji.12355.

2. Liang H, Acharya G. Novel corona virus disease (COVID-
19) in pregnancy: What clinical recommendations to follow.
Acta Obstet Gynecol Scand. 2020;99:439-481. Available from:
https://doi.org/10.1111/a0gs.13836.

3. Erdeve O, Cetinkaya M, Bas AY, Narli N, Duman N, Vural M.
The Turkish Neonatal Society proposal for the management of
COVID-19 in the neonatal intensive care unit. Turk Pediatri
Ars. 2020;55(2):86-92. Available from: https://dx.doi.org/10.
14744/TurkPediatriArs.2020.43788.

4. Duran P, Berman S, Niermeyer S, Jaenisch T, Forster T,
de Leon RGP, et al. COVID-19 and newborn health: systematic
review. Rev Panam Salud Publica. 2020;44:54. Available from:
https://doi.org/10.26633/rpsp.2020.54.

5. Kanburoglu MK, Tayman C, Oncel MY, Akin IM, Can
E, Demir N, et al. A Multicentered study on epi-
demiyologic and clinical characteristics of 37 neonates with
community-acquired COVID-19. Pediatr Infect Dis J.
2020;39(10):297-302.  Available from: https://doi.org/10.
1097/inf.0000000000002862.

6.  Komine-Aizawa S, Takada K, Hayakawa S. Placental barrier
against COVID-19. Placenta. 2020;99:45-49. Available from:

11.

12.

13.

14.

15.

16.

17.

18.

https://doi.org/10.1016/j.placenta.2020.07.022.

Oncel MY, Akin IM, Kanburoglu MK, Tayman C, Coskun
S, Narter F, et al. A multicenter study on epidemiological
and clinical characteristics of 125 newborns born to women
infected with COVID-19 by Turkish Neonatal Society. Eur J
Pediatr. 2021;180(3):733—742. Available from: https://doi.org/
10.1007/s00431-020-03767-5.

Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee C,
Cao JD, et al. Transplacental transmission of SARS-CoV-2
infection. Nat Commun. 2020;11(1):3572. Available from:
https://doi.org/10.1038/s41467-020-17436-6.

Lorenz N, Treptow A, Schmidt S, Hofmann R, Raumer-Engler
M, Heubner G, et al. Neonatal early-onset infection with SARS-
CoV-2 in a newborn presenting with encephalitic symptoms.
Pediatr Infect Dis J. 2020;39(8):212. Available from: https:
//doi.org/10.1097/inf.0000000000002735.

Kirtsman M, Diambomba Y, Poutanen SM, Malinowski AK,
Vlachodimitropoulou E, Parks WT, et al. Probable congenital
SARS-CoV-2 infection in a neonate born to a woman with
active SARS-CoV-2 infection. CMAJ. 2020;192(24):647-650.
Available from: https://doi.org/10.1503/cmaj.200821.
Kulkarni R, Rajput U, Dawre R, Valvi C, Nagpal R, Magdum N,
et al. Early-onset symptomatic neonatal COVID-19 infection
with high probability of vertical transmission. Infection.
2021;49(2):339-343. Available from: https://dx.doi.org/10.
1007/s15010-020-01493-6.

Shah PS, Diambomba Y, Acharya G, Morris SK, Bitnun A.
Classification system and case definition for SARS-CoV-2
infection in pregnant women, fetuses, and neonates. Acta
Obstet Gynecol Scand. 2020;99(5):565-573. Available from:
https://doi.org/10.1111/a0gs.13870.

Li N, Han L, Peng M, Lv Y, Ouyang Y, Liu K, et al.
Maternal and neonatal outcomes of pregnant women with
COVID-19 pneumonia: a case-control study. Clin Infect Dis.
2020;71(16):2035-2041. Available from: https://doi.org/10.
1093/cid/ciaa352.

Zhu H, Wang L, Fang C. Clinical analysis of 10 neonates
born to mothers with 2019-nCoV pneumonia. Transl Pediatr.
2020;9(1):51-60. Available from: https://dx.doi.org/10.21037/
tp.2020.02.06.

Yu N, Li W, Kang Q, Xiong Z, Wang S, Lin X, et al. Clin-
ical features and obstetric and neonatal outcomes of preg-
nant patients with COVID-19 in Wuhan, China: a retrospec-
tive, single-centre, descriptive study.  Lancet Infect Dis.
2020;20(5):559-564. Available from: https://doi.org/10.1016/
$1473-3099(20)30176-6.

Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao J, et al. Neonatal
Early-Onset Infection With SARS-CoV-2 in 33 Neonates Born
to Mothers With COVID-19 in Wuhan, China. JAMA
Pediatr. 2020;174(7):722—725. Available from: https://doi.org/
10.1001/jamapediatrics.2020.0878.

Dong L, Tian J, He S, Zhu C, Wang J, Liu C, et al. Possible
Vertical Transmission of SARS-CoV-2 from an Infected
Mother to Her Newborn. JAMA. 2020;323(18):1846—-1848.
Available from: https://doi.org/10.1001/jama.2020.4621.
Moriguchi T, Harii N, Goto J, Harada D, Sugawara H,
Takamino J, et al. A first case of meningitis/encephalitis
associated with SARS-Coronavirus-2.  Int J Infect Dis.

- Asian Journal of Clinical Pediatrics and Neonatology | Volume 9 | Issue 4 | October -December 2021



https://dx.doi.org/10.1111/aji.12355
https://dx.doi.org/10.1111/aji.12355
https://doi.org/10.1111/aogs.13836
https://dx.doi.org/10.14744/TurkPediatriArs.2020.43788
https://dx.doi.org/10.14744/TurkPediatriArs.2020.43788
https://doi.org/10.26633/rpsp.2020.54
https://doi.org/10.1097/inf.0000000000002862
https://doi.org/10.1097/inf.0000000000002862
https://doi.org/10.1016/j.placenta.2020.07.022
https://doi.org/10.1007/s00431-020-03767-5
https://doi.org/10.1007/s00431-020-03767-5
https://doi.org/10.1038/s41467-020-17436-6
https://doi.org/10.1097/inf.0000000000002735
https://doi.org/10.1097/inf.0000000000002735
https://doi.org/10.1503/cmaj.200821
https://dx.doi.org/10.1007/s15010-020-01493-6
https://dx.doi.org/10.1007/s15010-020-01493-6
https://doi.org/10.1111/aogs.13870
https://doi.org/10.1093/cid/ciaa352
https://doi.org/10.1093/cid/ciaa352
https://dx.doi.org/10.21037/tp.2020.02.06
https://dx.doi.org/10.21037/tp.2020.02.06
https://doi.org/10.1016/s1473-3099(20)30176-6
https://doi.org/10.1016/s1473-3099(20)30176-6
https://doi.org/10.1001/jamapediatrics.2020.0878
https://doi.org/10.1001/jamapediatrics.2020.0878
https://doi.org/10.1001/jama.2020.4621

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

- Asian Journal of Clinical Pediatrics and Neonatology | Volume 9 | Issue 4 | October -December 2021

Rampis et al COVID-19 Neanates in Nenth Sulawesi, Indenesia

2020;94:55-63. Available from: https://doi.org/10.1016/].ijid.
2020.03.062.

Weatherbee BAT, Glover DM, Zernicka-Goetz M. Expression
of SARS-CoV-2 receptor ACE2 and the protease TMPRSS2
suggests susceptibility of the human embryo in the first
trimester. Open Biol. 2020;10(8):200162. Available from:
https://doi.org/10.1098/rs0b.200162.

Li M, Chen L, Zhang J, Xiong C, Li X. The SARS-CoV-
2 receptor ACE2 expression of maternal-fetal interface and
fetal organs by single-cell transcriptome study. PLoS One
. 2020;15(4):230295.  Available from: https://dx.doi.org/10.
1371/journal.pone.0230295.

Sagheb S, Lamsehchi A, Jatary M. Two seriously ill neonates
born to mothers with COVID-19 pneumonia- a case report. Ital
J Pediatr. 2020;46(137):1-6. Available from: https://doi.org/
10.1186/313052-020-00897-2.

Shi L, Tu N, Patterson PH. Maternal influenza infection is
likely to alter fetal brain development indirectly: the virus is not
detected in the fetus. Int J Dev Neurosci. 2005;23(2-3):299—
305. Available from: https://doi.org/10.1016/j.ijjdevneu.2004.
05.005.

Goldenberg RL, Culhane JF, Johnson DC. Maternal infection
and adverse fetal and neonatal outcomes. Clin Perinatol.
2005;32(3):523-59. Available from: https://doi.org/10.1016/
j-clp.2005.04.006.

Schwartz DA, Graham AL. Potential maternal and infant out-
comes from Coronavirus 2019-nCoV (SARS-CoV-2) infect-
ing pregnant women: Lessons from SARS, MERS, and other
human coronavirus infections. Viruses. 2020;12(2):194. Avail-
able from: https://dx.doi.org/10.3390/v12020194.

Liu H, Wang LL, Zhao SJ, Kwak-Kim J, Mor G, Liao
AH. Why are pregnant women susceptible to COVID-
19? An immunological viewpoint. J Reprod Immunol.
2020;139:103122. Available from: https://doi.org/10.1016/].
jri.2020.103122.

Mor G, Aldo P, Alvero AB. The unique immunological
and microbial aspects of pregnancy. Nat Rev Immunol.
2017;17:469-482.

Mor G, Cardenas I. The immune system in pregnancy: A
unique complexity. Am J Reprod Immunol. 2010;63(6):425—
433.  Available from: https://doi.org/10.1111/j.1600-0897.
2010.00836.x.

Cardenas [, Means RE, Koga AP, Lang K, Booth SM, Booth CJ,
et al. Viral infection of the placenta leads to fetal inflammation
and sensitization to bacterial products predisposing to preterm
labor. J Immunol. 2010;185(2):1248—-1257. Available from:
https://doi.org/10.4049/jimmunol.1000289.

Abrahams VM, Straszewski-Chavez SL, Guller S, Mor G. First
trimester trophoblast cells secrete Fas ligand which induces
immune cell apoptosis. Mol Human Reprod. 2004;10(1):55—
63. Available from: https://doi.org/10.1093/molehr/gah006.
Racicot K, Mor G. Risks associated with viral infections during
pregnancy. J Clin Invest. 2017;127(5):1591-1599. Available
from: https://dx.doi.org/10.1172/JCI87490.

Shanes ED, Mithal LB, Otero S, Azad HA, Miller ES, Goldstein
JA. Placental pathology in COVID-19. Am J Clin Pathol.
2020;154(1):23-32. Available from: https://doi.org/10.1093/

32.

33.

34.

35.

36.

37.

38.

39.

40.

ajcp/aqaa089.

Baergen RN, Heller DS. Placental pathology in COVID-19
positive mothers: Preliminary findings. Pediatr Dev Pathol.
2020;23(3):177-180. Available from: https://doi.org/10.1177/
1093526620925569.

Dong L, Tian J, He S, Zhu C, Wang J, Liu C. Possible vertical
transmission of SARS-CoV-2 from an infected mother to her
newborn. JAMA. 2020;323(18):1846—-1854. Available from:
https://doi.org/10.1001/jama.2020.4621.

Moriguchi T, Harii N, Goto J, Harada D, Sugawara H,
Takamino J. A first case of meningitis/encephalitis associated
with SARS-Coronavirus-2. Int J Infect Dis. 2020;94:55-63.
Available from: https://doi.org/10.1016/.1jid.2020.03.062.
Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler
T, Erichsen S. SARS-CoV-2 cell entry depends on ACE2
and TMPRSS?2 and is blocked by a clinically proven protease
inhibitor. Cell. 2020;181(2):271-80. Auvailable from: https:
//doi.org/10.1016/j.cell.2020.02.052.

Wang D, Eraslan B, Wieland T, Hallstrom B, Hopf T, Zolg
DP, et al. A deep proteome and transcriptome abundance atlas
of 29 healthy human tissues. Mol Syst Biol. 2019;15(2):8503.
Available from: https://doi.org/10.15252/msb.20188503.
Papatheodorou I, Moreno P, Manning J, Fuentes AM, George
N, Fexova S. Expression Atlas update: from tissues to single
cells. Nucleic Acids Res. 2020;48:77-83. Available from:
https://doi.org/10.1093/nar/gkz947.

Cardoso-Moreira M, Velten B, Mort M, Cooper DN, Huber
W, Kaessmann.  Developmental gene expression differ-
ences between humans and mammalian models. Cell Rep.
2020;33(4):108308. Available from: https://doi.org/10.1016/
j-celrep.2020.108308.

Colaco S, Chhabria K, Singh N, Bhide A, Singh N, Singh
A, et al. Expression map of entry receptors and infec-
tivity factors for pan-coronaviruses in preimplantation and
implantation stage human embryos. J Assist Reprod Genet.
2021;38(7):1709-1720. Available from: https://dx.doi.org/10.
1007/s10815-021-02192-3.

Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z. SARS-
CoV-2 viral load in upper respiratory specimens of infected
patients. N Engl J Med. 2020;382(12):1177-1186. Available
from: https://doi.org/10.1056/nejmc2001737.

Copyright: © the author(s), 2021. It is an open-access article
distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), which permits authors to retain ownership
of the copyright for their content, and allow anyone to download,
reuse, reprint, modify, distribute and/or copy the content as long
as the original authors and source are cited.

How to cite this article: Rompis JL, Wilar R, Rondonuwu SHE,
Prayogo C. Clinical Features and Outcome of Confirmed COVID-
19 Neonates in North Sulawesi, Indonesia: Serial-Cases, Single-
Centre. Asian J. Clin. Pediatr. Neonatol. 2021;9(4):8-17.

DOI: dx.doi.org/10.47009/ajcpn.2021.9.4.2

Source of Support: Nil, Conflict of Interest: None declared.



https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1098/rsob.200162
https://dx.doi.org/10.1371/journal.pone.0230295
https://dx.doi.org/10.1371/journal.pone.0230295
https://doi.org/10.1186/s13052-020-00897-2
https://doi.org/10.1186/s13052-020-00897-2
https://doi.org/10.1016/j.ijdevneu.2004.05.005
https://doi.org/10.1016/j.ijdevneu.2004.05.005
https://doi.org/10.1016/j.clp.2005.04.006
https://doi.org/10.1016/j.clp.2005.04.006
https://dx.doi.org/10.3390/v12020194
https://doi.org/10.1016/j.jri.2020.103122
https://doi.org/10.1016/j.jri.2020.103122
https://doi.org/10.1111/j.1600-0897.2010.00836.x
https://doi.org/10.1111/j.1600-0897.2010.00836.x
https://doi.org/10.4049/jimmunol.1000289
https://doi.org/10.1093/molehr/gah006
https://dx.doi.org/10.1172/JCI87490
https://doi.org/10.1093/ajcp/aqaa089
https://doi.org/10.1093/ajcp/aqaa089
https://doi.org/10.1177/1093526620925569
https://doi.org/10.1177/1093526620925569
https://doi.org/10.1001/jama.2020.4621
https://doi.org/10.1016/j.ijid.2020.03.062
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.15252/msb.20188503
https://doi.org/10.1093/nar/gkz947
https://doi.org/10.1016/j.celrep.2020.108308
https://doi.org/10.1016/j.celrep.2020.108308
https://dx.doi.org/10.1007/s10815-021-02192-3
https://dx.doi.org/10.1007/s10815-021-02192-3
https://doi.org/10.1056/nejmc2001737
https://doi.org/10.47009/ajcpn.2021.9.4.2

	Introduction
	Case Presentation  1
	Case Presentation  2
	Case Presentation  3
	Case Presentation 4
	Case Presentation 5

	Discussion
	Conclusion

