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Prenatal

Postnatal/Neonatal Pediatric
Adolescent

Through breast milk

Some of these may be critical periods
and imaging modalities may vary with

age and infection type.



Focus on COVID-19 presentations and
neuroimaging findings

Discuss concerns for neonatal infection
and any information on breast feeding

Discuss how this infection compares to
others in pediatrics



Stafstrom and Jantzie (Sept 2020) Covid -19:
Neurologic Considerations in Neonates and
Children, Children, 7, 133

Neurologic involvement adults approx 36%
2-5 % Infections involve children
80% were mildly affected

Termed multisystem inflammatory
syndrome in children (MIS-C) and pediatric
inflammatory multisystem syndrome-
temporally associated with SARS-CoV-2
(PIMS-TS)

Review showed 34% kids with MIS-C had
Increased neurologic symptoms '

Limited neuroimaging data is CIVWG
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Neuroimaging manifestations in children with SARS-CoV-2 infection: a
multinational, multicentre collaborative study

Prof Nathalie Boddaert, MD « etal. Show all authors « Show footnotes

Neuroimaging
cases of encephalitis in children (0-18 yrs)
with SARS-CoV-2 from 8 different countries
5 neuroradiologists/ 4 had to agree
38 cases (60 submitted)
4 Categories

1. Acute COVID-19 12 (32%)

2. Asymptomatic acute/subacute COVID-19

SHVANA
3. MIS-C 11(29%)
4. Indeterminate 7 (18%)
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Figure 1: ADEMlike brain changes

(&, B) A 1-year-ld boy {case ) with acute COVAD-19 showed confluent areas of
high sagnal in the subsortical whete matter an coronal FLAIR imaging {A; amows),
and redhuced diffusaan an DW trace (B; arows). (C, D) A 13-year-old boy (case 4)
shiowed simillar changes an FLAIR imaging with associated mass effect in the
nght frontal |obe (C; amow). This area showed some subtle enhancement an
postontrast T1-weighted imaging (D, arow). (€, F) Ina 4-year-old bay (case 38)
with an indeterminate timepaink of expasure to SARS: Col-2, ADEM-like

charges were seen on coronal T2-weighted images (£ amow) and axal FLAR
imiages (F; amows). This child was positive for antibodses to myslin

cligodendrocyte ghyooprotein. ADEM=acute deseminated encephalomyelstis.
O¥M= difusion: weighted imaging. FLAIR=fuid-attenuated imversion reoovery.




COVID-19:

ADEM Commonalities

© Most cases of ADEM occur about 7 to 14

days after an infection, or up to three months
following a vaccination.

© The most commonly
associated infectious agents =

Cytomegalovirus (C
Epstein-Barr virus (EBV)
Herpes simplex virus (HSV)
Human herpes-virus-6

Influenza vir
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Figure : Neurits
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Other causes can includes sarcoidosis,
syphillis, tuberculosis, varicella zoster,
Epstein-Barr Virus
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Lourenco do Carmo, R ef al
Neuroimaging of Emergent and
Reemergent Infactions Radiographics
vol 39 No 6

A recent common case of
acute flaccid myelitis in children, also
meningitis, encephalopathy, and other

Figure 1a. EV myelitis in a 30-year-old man with acute onset of paraparesis. (a) Sagittal short inversion
time inversion-recovery (STIR) MR image shows an extensive hyperintense longitudinal cervical spinal
cord lesion (arrows). Additional discrete hyperintensities are seen in the medulla oblongata (arrowhead).
(b) Axial T2-weighted MR image reveals expansion of the spinal cord and hyperintensities in its central
gray matter and surrounding white matter (arrow).
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Figure 4: Fatal co-infections

(=C) 5year-ald girl {case B) presented with frver, headache, and seizures. Indtial
Wikt showed an acute small left frontal infarct on 2l FLAIR imagang (A; amow).
5 days Liter she had extensive leptomenangeal enhancement in the basdar
cistems and perisyivian regions on postcontrast T1-weighted imaging

(B; arrows). Findings progressed and, 3 weeks after presentation, markedly
mecluced diffusian an diffusion trace imaging (C; amows) and oedema of the

brain parenchyma were cbserved. The patient’s brain biopey was positive for
SARS-CoV:2 viral inchrsians an sectron microscogy and positive fior tuberoulasis

granulomata despite no tuberculosis contact. (0F) A 5year-old girl case 9)
presenited with encephalapathy and acute respiratory distress and became septic
with meticilln-resistant Staphylococces ouress and varicella zster vins
infectians, both of which were culture positive in the biood and C5F. She had
multiple smiall foci of reduced diffusion on awial diffusion trace imaging, in

kpepinig with microanfarcts |, E; amowes), some of which had assooated
micrahaemaarhage {F; amow). This patient died 15 days after symptom cnset

Case 1: Tuberculosis
Case 2: MERSA and varicella zoster
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Figure 5 Vasculiti and thrombatic indings

(A, B A 15-year-ald i case 12) pesented 27 weeks pregyaanéwith feve, sizures, and hypertension, and (0MD:19
pnvmonia, Her (T af presenaton{ A shosee owenity areas in muktipe ocations armses]. MY 7 days e

(8] shewwed smal Foclinfarcs . a ager et ccptal nfarct o an fffusion race imaging, Andings
campatie with sty severe postencr reversblencephaopathy syndrome. (C, ) 15 yearold g {cae 20)
withsubacute CCY10-18 and o clssical respirary symptoms esented with ever, confusion, and headache.
Complote aiclushve hrambass of the supeiorsagttal sinus v shown by the g Allng defec inthe postoantras
sagital TLweighre image C, amowheads), with resultant bilateral haemeragic vencus infarct an aial FLAR
rages [ arvowes). ) A 15 year-old g jcase 27) with mutisystem inflammatory syndrame i children whi aba
cevelopeed multiple micrathromb, asshasem on SWL The microthvoambi v relativey cimcaly skt and shoswnd
partial resolutian at 3wk with fulllincal esolution ofsymptoms at 3 manths after presentatian. ) A 2-yearald
0r{case 32, indeteminate cabegory) pesented with fever and pharyngeal pan with an acuée left michiai infarcion

{ama] shawn on the apparent dfsion coeffoen map F; o). She had a thrombus inthe feeding antmir
perforator vessel on SWH (G o) and marked axsaciated vessel il enbancement an postoantrast T1 artenal wal
g (H, amaw; | cice). FLAMsfuid-attenuated inversion recowery, SWesuscopbity-wedghie imaging

Infections, drugs, environmental
triggers, and auteimmune diseases
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Figure f Myositis and splenial lesians

[ fotial T2 -wesghted image in a 14-year-ad bay (case 26) with the dassic
appearance of a splenial |esion (amowhead) inpost-CONID-19 ME-C This ksion
showed reduced diffusion at presentation (armowheadd], 25 shown by the
diffusion trace image in the same patient (B]. Four patients with MI5-C were aka

nioted to have myositis, which could be focal (C; oval), a5 seen in an 8-year-cld
boy (case 28], or diffuse ([ amows), 25 seen ina §-year-old bay (cee 23] on aia
T2-weghted fat-saturated images. MIS-Csmuttsystem inflammatary syndrome
in children.




Abdel-Mannan, et al (July 2020) Neurologic
and Radiologic Findings Associated with
COVID-19 Infection in Children, JAMA
Neurol. 2020;77(11):1440-1445.

27 children with MIS
4 with neurologic symptoms in ICU (8,9,15 yrs)

Encephalopathy, headaches, brainstem and
cerebellar signs, weakness, | DTRS

CSF- 2 patients: no COVID or oligoclonal
bands

EEG- 3 patients: mild excess slowing

EMG- 3 patients: mild myo/neuropathic
changes

NMDA, MOG, aquaporin-4 - negative




Abdel-Mannan, et al (July 2020) Neurologic
and Radiologic Findings Associated with
COVID-19 Infection in Children, JAMA
Neurol. 2020;77(11):1440-1445.

'A] Computed tomography i] Magnetic resonance m Magnetic resonance M Magnetic resonance
of patient 1 on day 5 and imaging of patient 2 imaging of patient 3 imaging of patient 4
day 12 on day 21 onday5

A, Comuted tomogaphymage ofptien oy 5 (o), curg tenivecare amision
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Lin, J et al (Nov2020) Cytotoxic Lesion
Of the CC in and Adolescent with MIS
and SARS-CoV-2 Infection, AJNR AM J
Neuroradiol 41:2017-19

Case study 13 yo female
Fever, diarrhea, cough, N/V, dizzy, unstable gait

Hypotension, nml WBC, Theutrophils,
llymphocytes, thrombocytopenia,
hyponatremia, TLFTs, TCRP,T ESR,1BNP,troponin

Infectious disease WU was negative blood/CSF
Covid PCR - dayl1, + day 2 CSF and day 3 PCR
Dxed MIS-C and SARS-CoV-2

Txed with IVIG, CTX, vancomycin and improved
They initially thought this was Kawasaki disease

e



Lin, J et al (Nov2020) Cytotoxic Lesion
Of the CC in and Adolescent with MIS

COVI D = 1 9 and SARS-CoV-2 Infection, AJNR AM J

Neuroradiol 41:2017-19
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CLOCC in an adolescent with MIS-C and SARS-CoV-2.. MR image of the brain demonsirates a nonspecific focus of increased signal in the spienium of the corpus callosum on DWI sequences
at b=1000 sfmm? (black aow, A) with associated loss of signal on apparent difiusion coeficient maps (whe amow, B) comesponding fo resiricted difusion. The apparent diffusion coefficient
for the lesion is 0.4 x 10 mms. This lesion corresponds to a faint focus of abnormal increased signal on T2WI spin-echo saquences (biack amowhead  C). The lesion also demonstrates a
lack of confrast enhancement on T1W! posicontrast fhin-section image (D) and absent susceptibiity, suggesiing absent hemorrhage on SWI (E). The imaging findings suggest a cytotoxic
lesion of the corpus callosum. Follow-up DWI (F) and ADC maps (G) with T2W1 (H), TIWI (1), and SW1 sequences (J) after 2.5 months demonsirate resolution of the lesion after therapy.




Lin, J et al (Nov2020) Cytotoxic Lesion
Of the CC in and Adolescent with MIS
and SARS-CoV-2 Infection, AJNR AM J
Neuroradiol 41:2017-19

Cytotoxic Lesions of the Corpus Callosum
(CLOCC) -

Can be seen with infection, foxins, nutritional
deficiencies, and Kawasaki disease.

In Kawasaki = hyper-inflammation— macrophages
—cytokines —T cells recruited —breakdown BBB — CC
vulnerable due to high cytokine and glutamate
recepftors.

Causes cognitive changes, weakness, seizures and
hallucinafions £ |




Hameed, S et al (Jun2020 accepted)
Spectrum of Imaging findings at ...in
MIS in Children with COVID-19
Infection, radiology 2021;298:E1-E10

Study of 35 Children with MIS, evaluating ALL
imaging findings-
CXR, US, CT and MRI of multiple system:s,
evaluated.

Neurologic imaging of é children (16%)
underwent brain imaging. CT head (4) and
MRI (3), both (1).

Only one was abnormal CT= large ACA and
MCA infarct in a child that had been on
ECMO for 24 nrs.



Jain, P et al (June2020) Manifestations
in Neonates Born fo COVID-19 Positive
Mothers Indian J Pediatr, 5:1

Case series: 2 babies born to COVID + mothers
Case 1:

Pre-op COVID found + after delivery for mom

Mother asymptomatic

Female baby 18 hrs old = COVID with no symptoms
Case 2:

C-section for fetal distress/meconium, mom COVID +

Resuscitation, ventilation, Abn CXR opacities,
Qe’r%bolic acidosis, severe thrombocytopeniq, sterile
ood Cx

Baby developed shock and seizures
Neuro exam dec tone and DIRs

MRI: resiricted diffusion in periventricular deep WM in
frontal and parietal lobes, with subdural hemorrhage

PCR COVID day 3, 5, 8 negative, discharged day 12




Analysis of SARS-CoV-2 vertical transmission during
pregnancy

laudio Fenizia, ara Biasin, Irene Cetin, Patrizia Vergani, Davide Mileto, Arsenio Spinillo, Maria Rita
i ondo, Francesca Perotti, Clelia Callegari, Alessandro Mancan, Selene Cammarata, llaria Beretta,

attoni, Mario Clerici & Valeria Savasi

s 11, Article number: 5128 (2020) | Cite this article

Report 30 COVID positive mothers at delivery

Table 4 Summary of maternal and foetal SARS-CoV-2 genome (a) and anti-SARS-
CoV-2antibody (b) detection.

From: Analysis of SARS-CoV-2 vertical transmission during pregnancy

(a) Maternal plasma (1= Vaginal swab (1= Placenta(n= Umbilical cord plasma (1= Umbilical cord (1= Amniotic fluid (n= Milk (n =
30) 3) 3) 30) 12) 6) )

E:’)S' b6 32(1) 64(2) 33(1) 0(0) 00) 91(1)

(b) Maternal plasma (n = 30) Umbilical cord plasma (n = 30) Milk (n=10)

lgM,% () 2.19) 33(1) 10(1)

196, % (1) 633 (19 1001 0(0)

lgM/1gG, % (1] 219) 33(1) 0(0)



Analysis of SARS-CoV-2 vertical transmission during
pregnancy

laudio Fenizia, Mara Biasin, Irene Cetin, Patrizia Vergani, Davide Mileto, Arsenic Spinille, Maria Rita
ismondo, Francesca Perotti, Clelia Callegari, Alessandro Mancon, Selene Cammarata, llaria Beretta,

FManuela NMebuloni, Daria Trabattoni, Mario Clerici & Valeria Savasi

ature Communications 11, Article number: 5128 (2020) | Cite this article

inmaternal and umbilical cord plasma. We detect SARS-CoV-2 genome in one umbilical cord
blood and in two at-term placentas, in one vaginal mucosa and in one milk specimen.
Furthermore, we report the presence of specific anti-SARS-CoV-2 IgM and IgG antibodies in
one umbilical cord blood and in one milk specimen. Finally, in the three documented cases
of vertical transmission, SARS-CoV-2 infection was accompanied by a strong inflammatory
response. Together, these data support the hypothesis that in utero SARS-CoV-2 vertical
transmission, while low, is possible. These results might help defining proper obstetric
management of COVID-19 pregnant women, or putative indications for mode and timing of

delivery.

Therefore close monitoring of these children and
possibly considering neuroimaging studies on
these children if necessary is a consideration.




Stafstrom and Jantzie (Sept 2020) Covid -19:
Neurologic Considerations in Neonates and
Children, Children, 7, 133 (accepted July 2020)

Zimmer, et al (Jan 2021) Prenatal exposure to viral infection
and neuropsychiatric ....for the COVID pandemic Brain,
Behavior and Immunity vol 91, Jan 2021, p 756-70

Possible neurotropism of SARs-CoV-2

Studies show 36 to 84% with neurologic
symptoms
2 case reports of persistent

hypometabolism In olfactory gyrus and
other brain regions on 18F-FDG PET

Several hypotheses for neuroinvasion
(cytokines permeable BBB, hypoxic
edema, ACE-2 through lungs, BBB, bleed,
or binding to olfactory epithelium
(neuropilin-1 receptor)




Stafstrom and Jantzie (Sept 2020) Covid -19:
Neurologic Considerations in Neonates and
Children, Children, 7, 133 (accepted July 2020)

Zimmer, et al (Jan 2021) Prenatal exposure to viral infection
and neuropsychiatric ....for the COVID pandemic Brain,
Behavior and Immunity vol 91, Jan 2021, p 756-70

SARs-CoV-2 in preghancy
25,351 pregnant women positive (Oct 8,
2020)
55 pregnant, infected pts 9% IUGR

Maternal SARS-CoV-2 infections seems to
be less severe than SARS-CoV-1 or MERS

There are mixed studies on possible
Increased preterm births

Concerns about C-section with infected
mothers, 1.6 -5% with + RT PCR babies.

There is no literature about the sensitivity or
specificity for nasal swabs in neonates.




Klironomos, S et al Nervous System Involvement in
Coronavirus 2019... Radiology 2020; 297:E324-34

185 adults with Covid-19 =(mean 62 yrs, 138 male)
Ct brain =222, MRI brain= 4/, MRI spinal =7
Central and Peripheral involvement

Intra-axial susceptibility 74%

MRI — ovoid shape with ¢c/w microvascular with predilection
for CC 59%

Juxtacortical lesions 36%
Leukoencephalopathy 44%
Cytotoxic lesion CC 1 person
Olfactory bulb abnormal 19%
Opftic nerve subarachnoid spaces enlarged 56%
Enhanced - parenchyma 15%
leptomeninges 15%
CN 10%

spinal nerves 50% /



Pool, K et al Association between neuroimaging
and clinical outcomes... Jama July 31, 2019; 2(7)

110 infants (gest age 38.4 weeks)

/1 (65%) abnormal neuroimaging

96% severe Zika infection at birth/10% not
Intra-axial susceptibility 74%

as having severe LK\ intection at birth. The most common neuroimaging abnormalities were
structural abnormalities including brain calcifications, especially at the cortico-subcortical white matter
junction, cortex malformations, ventriculomegalv, and reduced brain volumes, followed by brainstem
hypoplasia, cerebellar hypoplasia, and corpus callosum abnormalities. Frequency of abnormal imaging was
higher in infants with specific clinical findings as opposed to those without them; these findings included
fetal brain disruption sequence (100% wvs 33%), microcephaly (100% vs 30%), congenital contractures

(100% ws 38%), ophthalmologic abnormalities (93% vs 44%), hearing abnormalities (100% vs 38%), and

neurologic symptoms (94% vs 10%). Four of 39 infants (10%) without initial evidence of severe ZIKV

infection and normal findings on neurologic evaluation at birth had abnormal neuroimaging findings.
reuroimaging abnormalities differed by trimester of maternal ZIKV infection, with 63% of infants born to

mothers infected 1n the first trimester, 13% of infants born to mothers infected in the second trimester, and

1% of infants born to mothers infected in the third trimester exhibiting neuroimaging abnormalities. The

odds of abnormal neuroimaging were 7.9 times greater for infants with first timester ZIKV exposure

compared with other trimesters combined (odds ratio, 7.9; 93% CI, 3.0-20.4; P= _001).



Pool, K et al Association between neuroimaging
and clinical outcomes... Jama July 31, 2019; 2(7)

Abnormal Neuroimaging Findings in Infants Who Were Asymptomatic, Had Mild to Moderate Zika

Virus Infection at Birth, or Had Normal Neurologic Evaluation Findings at Birth
A, Axtal contrast-enhanced computed tomography (CT) image through the brainstem demonstrates pronounced
pontine hypoplasia. B, Axtal T2 image demonstrates punctate susceptibility artifact along the margtn of the left

[ateral ventricle consstent with periventricular microhemorrhage

bilateral basal ganglia consistent with basal ganglia calcifications. E, Astal CT without contrast demonstrates

punctate subeortical calcifications in the occipital lobes. F, Coronal CT without contrast demonstrates multiple
punctate subeortical calcifications as well as a punctate periventricular calctfication along the superior margin

of the right lateral ventricle

& pgaicral pronainced paeting hypeplash

B | Axb T2 Image of periventrioula '(. S image of peraventricudar micrabesme 1)
MCTThanrhao~

Arkd CT of punctate witcontical cadilicatns 1| Conomal CT of punctane sebeortical calohcation




Pool, K et al Association between neuroimaging
and clinical outcomes... Jama July 31, 2019; 2(7)

[&] 3-DCT of resst soall colbose £} V- meiand s of Mecephulic
% | ol Appaaance of The Srain

Figure 2.
Neuroimaging Findings of an Infant With Severe Zika Virus

A, Three-dimensional (3-D) computed tomography (CT) reconstruction demonstrates classic phenotypic

pattern of fetal skull collapse with overlapping cranial sutures and prominent occipital protrusion. B, T2-

weighted imaging demonstrates simplified gyral pattern with a lissencephalic appearance of the brain.

80% adult infections are asymptomatic but increase microcephaly

in infants
Flavavirus - single strand RNA, transmitted through body fluids



There is a paucity of comprehensive
neuroimaging in pediatric patients and
neonates with Covid-19.

More coordinated large scale research
studies need to be done to help us to
understand who to scan, who is at risk, and
how and when fransmission oCccurs.

Many of these studies shown were
submitted in June or July — not published
until October and Decmber 2020.






