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Abstract.

BACKGROUND: Multisystemic inflammatory syndrome in children (MIS-C) is a novel disease that is associated with the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV2). MIS-C usually affects children older than 5 years of age
and adolescents, with a median of 8-years and an interquartile range of 3 to 11 years. A multisystemic inflammatory disease
has been described in neonates and named MIS-N (multisystemic inflammatory syndrome in Neonates). We report three
cases of Mexican newborns with MIS-N presenting with multiorgan compromise and a positive anti-SARS-CoV-2 IgG who
developed Kawasaki disease (KD)-like cardiac features and discuss the current dilemma regarding diagnosis and treatment

in these patients.
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1. Introduction

Multisystemic inflammatory syndrome in children
(MIS-C) is a novel disease that is associated with
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Gonzilez, Immunology Department Hospital Infantil de
Especialidades de Chihuahua, Av. Prolongacion Pacheco,
31090, Chihuahua, México. Tel.: +52 614 1227569; E-mail:
dra.luisa.gamez @ gmail.com.

the severe acute respiratory syndrome coronavirus
2 (SARS-CoV2). MIS-C usually affects children
older than 5 years of age and adolescents, with
a median of 8-years and an interquartile range
of 3 to 11 years [1]. MIS-C is extremely rare
in infants, particularly in neonates [1]. Neonates
born to mothers with SARS-CoV2 infection during
pregnancy demonstrate multisystemic inflammatory
disease with cardiac dysfunction and has been named
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Multisystemic Inflammatory Syndrome in Neonate
(MIS-N) [2-21]. We report three cases of Mexican
newborns with MIS-N showing multiorgan com-
promise and a positive anti-SARS-CoV-2 IgG who
developed Kawasaki disease (KD)-like cardiac fea-
tures. We performed a literature search of MIS-C,
MIS-C-like or MIS-N cases reported in the lit-
erature and compared them with our cases. We
discuss the peculiarities of MIS-N compared to
MIS-C.

2. Casel

A 32-year-old female with a history of dia-
betes mellitus was admitted for cesarean delivery
due to macrosomic product. She had no history of
COVID-19 symptoms and SARS CoV2 antibodies
showed IgG positive and IgM negative. The female
newborn weighed 3.7kg, the Apgar scores were
8 at 1 minute and 9 at 5 minutes and required
routine care. The infant developed tachypnea and
hypoxemia at birth intra-uterine pneumonia was sus-
pected and was admitted to the neonatal intensive
care unit. The patient developed respiratory fail-
ure requiring mechanical ventilation on her first
day of life. Antibiotic therapy was started, and
cardiac evaluation was performed due to a heart
murmur. Transthoracic echocardiogram showed left
ventricle ejection fraction of 61% and minimal
pericardial effusion with coronary artery dilation,
left coronary artery 1.5mm (Z score+1.83); left
anterior descending (LAD) 1.6 mm (Z score+2.26);
right coronary artery proximal region 1.5mm (z
score+1.52); medium region (z score+2.51) and dis-
tal region (z score+2.56). Laboratory tests revealed
hemoglobin 12.9 g/dL, leukocytes 10200 cells /uL,
neutrophils 4000 cells/mcl, 5100 cells/pL, albumin
3.2 g/dL, platelet count 457 x 10°/L, AST 22 UI/L,
ALT 18 UI/L, normal CRP (5.9 mg/L), elevated D-
dimer (23974 ng/mL), elevated CK-MB (26.3 U/L),
and elevated ferritin (174 mg/dL). The patient had
a negative nasopharyngeal swab RT-PCR SARS-
CoV2 and a positive SARS-CoV-2 IgG with negative
IgM. Due to multiorgan involvement and elevation
in inflammatory markers, the patient was diagnosed
with MIS-C-like manifestations. She was treated
with intravenous immunoglobulin (IVIG) 2 g/kg,
methylprednisolone 1 mg/kg/day, low-dose aspirin
and enoxaparin, with improvement and the patient
was discharged at 15th day of life.

3. Case 2

A premature male infant weighing 1.3kg was
delivered by cesarean section at 32-weeks of gesta-
tion due to severe preeclampsia. Apgar scores were 6
at 1 minute and 7 at 5 minutes. Due to respiratory dis-
tress, cyanosis and increase in oxygen requirements
the patient was admitted to the NICU. On arrival the
infant was intubated and received mechanical ven-
tilation with 100% oxygen. The patient developed
hemodynamic instability and required vasopressors
(dobutamine). The patient’s mother had respiratory
symptoms at the time of cesarean delivery (cough,
dyspnea, hypoxemia) and had a positive RT-PCR
SARS-CoV2 test. On day 24 after cesarean delivery,
the patient’s mother had a positive anti-SARS-CoV-2
IgG and negative anti-SARS-CoV-2 IgM test.

Laboratory tests show hemoglobin 15.9g/dL,
leukocytes 12700 cells/pL, neutrophils 4600
cells/mcl, 4400 cells/nL, albumin 3.0 g/dL, platelet
count 246x10°/L, 1225x10°/L at day 12, AST
20 IU/L, ALT 6.4 TU/L, normal CRP (0.4 mg/L),
elevated D-dimer (1983ng/mL), elevated CK-
MB (22 U/L) and elevated ferritin (365 mg/dL).
Nasopharyngeal swab, for SARS-CoV-2 RT-PCR
was negative. Transthoracic echocardiogram showed
normal biventricular systolic function but identified
coronary artery dilation, left coronary artery 1.5 mm
(Z score+2.6); left anterior descending (LAD)
1.3 mm (Z score 2.78); right coronary artery proxi-
mal region 1.4mm (z score+3.0) and hypertrophic
myocardiopathy (left ventricular hypertrophy) with
ejection fraction 82%. He was treated with IVIG
2 g/kg, methylprednisolone 1mg/kg/day, low-dose
aspirin and enoxaparin. The patient required pro-
longed mechanical ventilation and had neurologic
complications (Grade II intraventricular hemor-
rhage, Papile classification) and severe prematurity
retinopathy.

4. Case 3

A preterm (gestational age 35 weeks, 1875g)
infant female was delivered by urgent cesarean sec-
tion due to anhydramnios. Her Apgar scores were
7 at 1 minute and 8 at 5 minutes requiring one cycle
of positive ventilation. Her mother was a 25-year-old,
gravida 1 with a history of COVID-19 infection (pos-
itive RT-PCR test) at 18 weeks of gestational age. The
neonate developed respiratory distress at birth requir-
ing admission to the neonatal intensive care unit with



L.B. Gamez-Gonzalez et al. / Neonatal multisystem inflammatory syndrome linked to COVID-19 171

Fig. 1. Desquamation of the fingers.

early initiation of continuous positive airway pres-
sure therapy. Intra-uterine pneumonia was suspected,
antibiotic therapy was started, and cardiac evaluation
was performed due to cardiomegaly seen on a chest
X-ray. The patient developed hemodynamic insta-
bility and was started on dobutamine. Laboratory
tests at birth revealed hemoglobin 11 g/dL, leuko-
cytes 128000 cells /pL, albumin 3.3 g/dL, platelet
count 30x10°/L, CRP 2.56mg/L, troponin level
84.3ng/ pro-BNP 12,700 pg/mL; AST 29 IU/L,
ALT 20 IU/L. She received platelet transfusions.
Oncologic evaluation was permormed because severe
leukocytosis, and oncologic pathology was rule out.
The neonatal nasopharyngeal swab for SARS-CoV-
2 RT-PCR was negative, anti-SARS-CoV-2 IgG was
positive and anti-SARS-CoV-2 IgM was negative, 24
hours after birth. Echocardiogram showed tricuspid
and pulmonary regurgitation with normal ventric-
ular function. She was treated with IVIG2 g/kg,
methylprednisolone 3 mg/kg/day, low-dose aspirin
and dobutamine Smcg/kg/min with improvement and
normalization of cardiac enzymes. The patient devel-
oped desquamation of fingers of the hands at 14th day
of life (Fig. 1). Currently she is alive, with normal
cardiac function.

5. Search strategy

Using the PubMed/MEDLINE, Scopus, and Web
of Science databases, we searched existing lit-
erature using the following strategy: (COVID-19

OR SARS-CoV-2 OR coronavirus OR Multisys-
temic Inflammatory Syndrome in Children (MIS-C)
OR Paediatric Inflammatory Multisystemic Syn-
drome (PIMS)) AND (neonate) OR (newborn) OR
(infant). Only publications involving humans were
reviewed. 336 publications were retrieved from
PubMed/MEDLINe, 2048 from Scopus, 616 from
Web of Science. After excluding non-relevant papers,
all individual case reports and case series published
before 08/26/2022 were reviewed.

6. Discussion

Newborns of mothers with positive SARS-CoV2
infection rarely acquire the disease or show adverse
clinical outcomes. Several reviews analyzing neona-
tal SARS-CoV2 infections have been published [10,
11].

Godfred-Cato et al. described the clinical course of
85 infants < 12 months with MIS-C, including one 14
days-old patient and concluded that as a group they
present a milder course compared to older patients
[12]. Out of 3000 newborns born in our maternity
hospital during the pandemic, only three presented
the clinical features described above. Few cases of
MIS-C or MIS-C-like neonates have been described
so far (Table 1). Borkotoky et al. report a term infant
with persistent pulmonary hypertension with features
of MIS-C [5]. Divekar et al. report a 1,300 g female
whose mother presented asymptomatic SARS-CoV2
infection [6]. The patient presented multisystemic
dysfunction and the echocardiogram showed peri-
cardial effusion, mitral regurgitation and dilated
coronary arteries. Kappanayil et al. report a 24-day-
old female with cardiogenic shock with elevated
transaminases and ferritin who responded to IVIG,
corticosteroids and anticoagulants [8]. Savic et al.
report a SARS-CoV2 infected newborn who pre-
sented a “cytokine storm syndrome” with multiorgan
failure and died despite treatment with steroids and
tocilizumab [9]. Baidoun et al. report a 4-week-old
patient believed to have dilated cardiomyopathy asso-
ciated with SARS-CoV?2 infection, without fulfilling
MIS-C criteria [13]. Important to note is that few
patients have presented with fever, absence of abdom-
inal manifestations in the majority of patients and two
of our patients presented a normal CRP, all impor-
tant data to diagnose MIS-C in older patients. Bakhle
et al described an eight-day-old neonate with fever
[14]. The mother was positive for COVID-19 in the
29th week. COVID-19 reverse-transcription poly-



Table 1
Cases of Multisystem Inflammatory Syndrome in neonates associated with SARS-CoV-2 infection
Author Borkotoky Divekar Orlasnki-  Kappanayil Savic Bakhle Agrawal Saha Arun Gupta Gupta Costa Voddapelli Case 1 Case 2 Case 3
Meyer
Country India USA Israel India Serbia India India India India India India Ttaly India Mexico Mexico Mexico
Gender Male Female Female Female NR male Male Female Male Male Female Male Female Female Male Female
Age 4 hour 30 8 24 NR 8 39 8 2 days- At birth 6th day At birth 3 day 38 32 35
male 38 weeks weeks- day-old day_old weeks day-old old of life weeks weeks weeks
weeks of ges- old 37 of ges- of ges- of ges- of
of ges- tation weeks tation tation tation gestation
tation of ges-
tation
Clinical Respiratory Respiratory Diarrhea, Cardiogenic Tachypnea, multiple Fever Fever, Swelling  Persistent  Cardiac Respiratory Fever, Respiratory Respiratory Respir-
picture distress, failure, bloody shock, tachy- cavitary and pre- Cardio- left pul- dysfun- distress abdomi- distress distress atory
feed hepatic stool, hep- cardia, lesions domi- genic thigh, monary cyion, syn- nal distress
intoler- and vomit- atomegaly, fever, in lung nant Shock, poor hyper- intracar- drome, disten-
ance, renal ing, gluteal grunt- abdomi- seizures, feeding, tension, diac seizures, tion,
fever, dys- fever, skin ing nal pul- lethargy,  cardiac throm- desqua- vomit-
vomit- function lethar- lesions signs monary seizures,  dys- bosis mation ing,
ing gic mim- hemor- IC func- hep-
icking rhage, bleed- tion, atomegaly,
surgical cardiac ing coagu- shock
abdomen  arrest (Hemo lopathy
and philia)
acute
kidney
injury
Kawasaki No No Cracked No No No No No No NR NR No No No No Finger
disease lips desqua-
clinical mation
features
Sympt- Yes No NR Yes No Yes No No NR Asymp- NR Fever, COVID- No No No
omatic (fever (mild (mild history tomatic anos- 19 three
Mother and COVID- COVID of mia, weeks
cough) 19) -19) contact ageusia before
of delivery
mother
with
COVID-
19
4weeks
before

delivery

CLI
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RT-PCR Negative  Positive Positive Negative  Positive Negative ~ Negative =~ NR NR NR NR NR NR Negative  Positive Positive
SARS-
CoV2
mother
PCR Negative ~ Negative  Negative = Negative  Positive NR Negative  Positive NR NR NR NR NR Negative ~ Negative  Negative
SARS-
CoV2
patient
Serology  Positive Positive NR Positive NR NR SARS- NR NR NR NR Positive NR Positive Positive Positive
in 1gG IgG CoV-2
mother SARS- SARS- 1gG
CoV2 CoV2 positive
Serology  Positive Positive Positive Positive NR Positive SARS- NR Positive Positive Positive Positive Positive Positive Positive Positive
in 1gG IgG CoV-2
patient SARS- antibod- IgG
CoV2 ies positive
against
SARS-
CoV-2
spike
protein
Laboratory Leuko- Leuk- Elevated Leuko- Elevated Increased  Elevated Elevated Leuko- Elevated Elevated Throm- Elevated Elevated Leuk- Anemia,
cytosis, openia, CRP, cytosis, D- leuco- CRP, CRP,D cytosis, tro- D- bocytopenia, CRP, CK- ocytosis, leuko-
throm- lym- BNP, elevated dimers, cyte procal- Dimer, neu- ponin, dimers, neu- 1L-6, MB, throm- cytosis,
bocyto- phope- leuko- BNP, CRP, count, citonin, Pro B trophilia, CPK, ferritin, trope- proBNP,  D- bocyto- elevated
sis, nia, cytosis, tro- 1IL-6 and D type elevated ferritin, tro- nia, leuko- dimers, sis, tro-
elevated throm- throm- ponin, elevated Dimer natri- CRP, LDH, ponin, elevated cytosis, normal normal ponin,
CRP, bocy- bocyto- D- levels of  and N- uretic conju- proBNP LDH proBNP neu- CRP CRP, CRP
IL-6, topenia, sis dimers, C- terminal-  peptide. gated trophilia and
ferritin, elevated transam- reactive pro-B- Ferritin. hyper- BNP
D- D- inases, protein type Throm- biliru-
dimers, dimers ferritin, (CRP), natri- bocy- bine-
CK- CRP procal- uretic topenia mia,
MB, citonin, peptide elevated
BNP, ferritin, LDH,
tro- lactate elevated
ponin dehy- D-
droge- dimers.
nase,
and D-
dimer
(Continued)
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Table 1
(Continued)
Author Borkotoky Divekar Orlasnki-  Kappanayil Savic Bakhle Agrawal Saha Arun Gupta Gupta Costa Voddapelli Case 1 Case 2 Case 3
Meyer

ECHO Pulmonary Small Mitral Biven- NR NR Normal Systolic Left Dilated INTR- Dilated Bivent- Coronary ~ Coronary  Pulmo-
hyprten- pericar- regurgi- tricular at2 dys- coro- hyper- ACARDIAC  right ricular artery artery nary
sion dial tation dys- weeks func- nary ech- THROM- coro- dys- dilation, dilation and tri-

effusion func- tion, artery hogenic BUS nary func- pericar- cuspid

tion, with dilata- coronar- artery, tion, dial regurg-
hypere- ejection tion ies dilated normal effusion itation,
choic fraction lefct coro-
coro- of 40% coro- nary
nary and nary arteries
arteries mild artery

pericar-

dial

effu-

sion.

Treatment Sildenafil, IVIG, IVIG, IVIG, Tocili- IVIG IVIG IVIG Methyl- IVIG, IVIG IVIG, VIV, IVIG, IVIG, IVIG,
furosemide, hydro- MPD, heparin, zumab, 1 g/kg/ (2/gr/kg)  2glkg, predni- steroids, enoxa- methyl- dexam- MPD, MPD, MPD,
tazobac-  crti- anakinra ~ MPD dexam- day for 2 doses along solone, inotropic,  parin, prednis- etha- enoxa- enoxa- aspirin,
tam/ sone, etha- 3 days methyl- with IVIG diuret- aspirin lone, sone parin parin, dobut-
piperacilin, dopamine sone, pred- methyl- ics, enoxa- aspirin, amine
dexam- enoxa- nisolone pred- silde- parin dobu-
etha- parin (1 mg/kg/  nisolone nafil, tamine
sone dose) at bosen-

Enoxa- 2 mg/kg/day. tan
parin, Enoxa-
Inotropic  parin
treat- Inotropic
ment support
Outcome  Good Good Good Good Died Good Good Good Good Death NR Good Good Good Good Stable

VLI
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merase chain reaction was negative and antibodies
were positive. He had increased leukocyte count, and
elevated levels of C-reactive protein (CRP), procalci-
tonin, ferritin, lactate dehydrogenase, and D-dimers
along with bilateral reticulonodular opacities on chest
radiograph and multiple nodules with evidence of
cavitation in both lungs on chest tomography, the
authors conclude that thromboembolic complications
secondary to inflammatory response after SARS-
CoV2 exposure should be considered in neonates
[14]. Agrawal et al, present the first case report of
a neonate presenting within 48 hours of life with
predominant abdominal signs mimicking surgical
abdomen. Clinical picture comprised fever, multior-
gan dysfunction (gastrointestinal, cardiorespiratory,
hepatic and dermatological), and positive inflamma-
tory markers [15]. Finally, Saha et al, reported a very
severe case of a term infant girl with fever from day 8
and Reverse transcriptase—polymerase chain reaction
results for coronavirus disease positive who devel-
oped cardiogenic shock with pulmonary edema and
needed invasive ventilation. She developed seizures,
pulmonary hemorrhage, cardiac arrest and acute kid-
ney injury [16]. Interestingly, the majority of reported
patients in the literature are from India, raising the
possibility of a genetic predisposition in this popula-
tion (Table 1).

Molloy et al. recommend using the term MIS-N
to describe neonatal inflammation illness involving
> 2 organ systems along with laboratory evidence
of inflammation and a maternal history of SARS-
CoV2 infection during pregnancy with the exception
of fever which is uncommon in neonates [4]. Alter-
nate diagnosis has to be excluded. Important to note is
that Kawasaki disease clinical features are not found
in MIS-N. A consensus definition of MIS-N must be
implemented [4].

Raschetti et al. report multisystemic involve-
ment with MIS-C-like manifestations including
rash, conjunctivitis, gastrointestinal, neurological
and hemodynamic manifestationsin neonates with
SARS-CoV2 transmitted postnatally [11].

It is unclear whether MIS-C develops secondary
to a direct effect of SARS-CoV2 infection with
ongoing viral replication, postinfectious immune-
dysregulation or a combination of this factors. Most
children with MIS-C respond to immunomodula-
tory therapy, consistent with a pathogenesis primarily
mediated by inappropriate immune system activation.
Antibodies from mothers infected with SARS-CoV2
may passively cross the placental barrier and it is
believed that confer protection to the newborn, how-

ever in MIS-N patients it may trigger the disease.
Maternal adaptive immune response t SARS-CoV2
infection may generate protective antibodies and, in
some cases, pathogenic antibodies directed toward
neonatal antigens responsible for cytokine release
and multisystemic inflammation. Multiple autoanti-
bodies have been proposed to be implicated in the
pathogenesis of MIS-C [21]. Anti-receptor binding
domain (RBD) antibodies have been shown to be
higher in children with severe MIS-C which corre-
late with erythrocyte sedimentation rate [22]. Patients
with MIS-C humoral response present enhanced
monocyte activating capacity with dysregulated
proinflammatory IgG response to SARS-CoV2 [23].
Also, antibody dependent enhancement is thought
to play a role in the pathogenesis of COVID-19.
Alternatively, SARS-CoV2 have been proved to be
transmitted trans-placentally [24]. It has been sug-
gested that SARS-CoV?2 has superantigen properties
leading to a hyperinflammatory response [25].
Neonatal KD is extremely rare too. Li et al.
reviewed 20 cases of neonatal KD, most of them
present incomplete presentation, 55% of them with
coronary changes [26]. Interestingly 31% of them
presented normal CRP [22]. MIS-N present unique
characteristics compared to MIS-C older patients.
Recent MIS-N reviews have come to the same
conclusions. Shaiba et al. report cardiovascular com-
promise in 77% of patients that included cardiac
dysfunction, arrhythmias, coronary abnormalities,
pericardial effusion, pulmonary hypertension and
intracardiac thrombus [2]. Two of our patients pre-
sented coronary artery abnormalities. Patients with
MIS-N usually don’t present fever, CRP may be
normal, and KD-features are subtle or absent in
the majority of patients. Clinical features are varied
including gastrointestinal, pulmonary and neurologi-
cal involvement but most importantly cardiological
manifestations. All neonates present with positive
IgG antiSARS-CoV2 antibodies. Echocardiographic
evaluation is crucial, with development of coro-
nary abnormalities despite not having Kawasaki
disease clinical features MIS-N is extremely rare
and may have a different physiopathology com-
pared to MIS-C in older patients. MIS-N may
constitute a distinct entity, with diverse and differ-
ent clinical and laboratory manifestations, probably
triggered by trans-placental pathogenic antibodies.
Neonatologist should perform specific investigation
in patients born to mother with COVID-19 and
presenting with at least two systems involved. A
high index of suspicion is key in neonates from
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SARS-CoV2 infected mothers during the present
pandemic.
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