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The Impact of COVID-19 during Pregnancy on Fetal Brain Development

Somayeh Shatizadeh Malekshahi: Assistant professor, Department of Virology, Faculty of Medical Sciences, Tarbiat

Modares University, Tehran, Iran (* Corresponding author) s.shatizadeh@modares.ac.ir

Ameneh Omidi: Assistant Professor, Department of Anatomical Sciences, Faculty of Medical Sciences, Tarbiat Modares

University, Tehran, Iran

Parsa Veisi: Department of Microbiology, School of Medicine, Golestan University of Medical Sciences, Gorgan, Iran

Abstract

Background & Aims: The development of the brain as the most complex structure of the
human body is a long process that begins in the third week of pregnancy and continues until
adulthood and even until the end of life (1). Human brain myelination begins one to two
months before birth in the visual system and eventually lasts until the age of two in other
sensory systems and then the motor systems (4). Processes associated with normal brain
development involve a wide range of molecular events, including the expression of genes and
environmental events (1). If the brain is exposed to some environmental factors, its normal
development will be disrupted (2) because the fetus is very sensitive to physical and chemical
disruptive factors in different stages (5). Generally, factors that upon exposure during
pregnancy lead to changes in the growth or structure of the developing fetus and ultimately
cause defects in the physical structure or abnormalities in fetal behavior are called teratogens
(6). Some viral infections have devastating impacts on the developing fetal brain. Viruses like
Zika and cytomegalovirus can pass directly through the placenta to the fetal brain. These
viruses cross the blood-brain barrier of the developing fetus, infecting and damaging brain
tissue (9,10). Other infections including the influenza virus that do not cross the placental
barrier have been associated with adverse effects on neural growth in offspring, mainly through
mechanisms involved in activating the immune system of the mother, placenta, and
subsequently the fetus (11,12). Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is a new type of coronavirus that emerged in late 2019 and its related disease is known as
coronavirus disease 19 (COVID-19). Nowadays, great attention is paid to COVID-19 infection
in pregnant women and possible damage to their offspring. Although studies on COVID-19
are progressing rapidly, the effects of SARS-CoV-2 on fetal growth are unclear (16). In this
review, we discussed evidence on the impact of SARS-CoV-2 infection during pregnancy on
neurodevelopmental outcomes. Moreover, potential mechanisms by which prenatal SARS-
CoV-2 exposure might impact the developing fetal brain were explored. These mechanisms
are as follows: (1) direct fetal infection of neurologic tissues via transplacental transmission
of the virus (2) impaired placental function resulting in adverse pregnancy outcomes
associated with an increased risk of neurologic harm (e.g. fetal growth restriction and preterm
birth) (3) via MIA (maternal immune activation) during neurodevelopment in pregnancy
(16,17,18). A growing body of evidence suggests that SARS-CoV-2 infection can cause acute
and chronic neurological complications in adults and children (19,20,21). There is no definite
link between prenatal SARS-CoV-2 exposure and developmental neurological disorders in
offspring, which may be partly due to the fact that most children born to infected mothers, are
still very young for diagnosis of many developmental neurological conditions. However,
epidemiological and clinical data indicate the potential of SARS-CoV-2 exposure during
pregnancy to influence early neurodevelopmental outcomes. Preliminary data on the immune
and inflammatory response to SARS-CoV-2 in pregnancy showed proinflammatory cytokines
in pregnant women with SARS-CoV-2 that IFN-y and IL-6 play the most important role
(33,34). Significant infiltration of maternal immune cells into the placenta has been observed
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in cases of severe maternal COVID-19 and high SARS-CoV-2 viral load in the placenta (38).
In placental specimens without evidence of direct SARS-CoV-2 infection, upregulation of the
inflammatory pathways of natural Killer cells (NK cells), T cells in mothers infected with
SARS-CoV-2, and interferon-stimulated genes (ISGs) in villi tissue of placenta were shown
(35,36). The placenta is the primary source of serotonin for the developing fetal brain. Studies
show that activation and inflammation of the maternal and placental immune systems alter
placental serotonin signaling, which in turn affects fetal brain development through impaired
synaptogenesis, neuronal migration, and axonal targeting (40,41). Activation of the maternal
and placental immune systems is also associated with other changes in fetal brain
neurotransmitter signaling, including dopaminergic, cholinergic, GABA, and glutamatergic
systems, which affect fetal brain development conditions (42,43). Activation of the maternal
and placental immune system is associated with mitochondrial dysfunction of the placenta and
fetus, oxidative stress, and impaired protein homeostasis (44,45). Maternal and infant gut
microbiome may also be important modulators of the effect of MIA on the developing brain.
Given the extent of synapse formation in the fetus and infant, the microglial function is a
critical goal for research to better understand the effect of SARS-CoV-2-induced immune
activation on the developing fetal brain (46). Transmission of the virus through the placenta,
which can infect neural tissue, can have lasting and devastating consequences for the
developing fetus's brain. A key factor in understanding the risk of possible fetal infection is
whether maternally acquired SARS-CoV-2 can be transmitted from the placenta (a primary
physiological and immune barrier that prevents the virus from being transmitted from mother
to fetus) (48). Most of the evidence to date shows that the negative effects of
neurodevelopment of SARS-CoV-2 infection occur mostly through activation of the mother
and placenta's immunity rather than direct fetal infection with SARS-CoV-2 in utero. The data
showed that the rate of SARS-CoV-2 positivity in infants in pregnancies exposed to SARS-
CoV-2 is between 1% and 3%, and placental infection is a relatively rare event. A meta-
analysis of case reports and case series estimated the placental infection rate at 7% (49).
Mechanisms of protection against placental infection include low maternal SARS-CoV-2
viremia, maintenance of immune defense at the syncytophoblast border, and failure to express
the molecules required (ACE2 and TMPRSS2) to bind and enter SARS-CoV-2 into the
syncytrophoblast (36,37). Due to the small number of cases of placental infection and vertical
transmission, data on completed pregnancies exposed to SARS-CoV-2 are now available
throughout the developmental period (first to third trimesters). To date, no specific congenital
syndrome has emerged following prenatal SARS-CoV-2 exposure indicating direct fetal
infection (50,51). All of these data point to the activation of the maternal and placental immune
systems and the subsequent activation of the fetal nervous system as the primary stimuli of
neurodevelopmental complications in children exposed to SARS-CoV-2. Instead, direct
infection of the placenta and fetal brain with Zika virus or cytomegalovirus infection has been
observed. The data presented demonstrated the potential for maternal SARS-CoV-2 infection
to stimulate maternal, placental, and fetal immune activation. Future studies will need to
evaluate whether the fetoplacental immune responses in maternal SARS-CoV-2 infection are
associated with neurodevelopmental morbidity in offspring. The Effect of infection time,
different strains of the virus, fetal gender, and prenatal status (eg, maternal cardiac metabolic
status, substance use, stress, drug use) on offspring's neurodevelopment is important in the
next generation for a comprehensive understanding of the potentially lasting impact of the
COVID-19.

Conflicts of interest: None
Funding: None

Cite this article as:
Shatizadeh Malekshahi S, Omidi A, Veisi P. The Impact of COVID-19 during Pregnancy on Fetal Brain
Development. Razi J Med Sci. 2022;29(9):159-171.

*This work is published under CC BY-NC-SA 3.0 licence.

V) 53T A ojles Y4 6,55 15jl) igSaisjs ogle alan http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

el Gz ol 58 angdKegi—o b ag2lse
S Sl e ozl gie (255 59, » 9z SHlee
s > 2yt alS e gld (gwd
/law s So o (Sensorineural hearing loss, SNHL)
Ol ke 4 (cuae ool la Jobo 29 (oo
Vel S eomd g g o (e )0 o iz R
Sl a8l g 03)ls S92

b by (sr—as Blse ooy Jolse o ]
28 (o0 grd 95 1) (g pgelagion (53150l Sigis
&S ol j5b 4y a5 o slapen S5 51 (5 5
2 rangtBagi bagzloe 0 1) iz she (0655
slo Jol—w 33; 0 51 ) 53l wiilee w0 o2
F—b J )0 e gl bslw g (—ae ol
3 b Cou 1) ae Esly g ojlasl Bules oS 5 8

aiibe ool d o s g Blyadl (V) i
Slr S ool o Joho Cligipn et 5 &2l
Sl e ool 3 Sha 5 a0
Coler Canl (Ko a5 LS g i | Cigae (F) s
(ol Lgl.a:)‘m Colas 6‘)-.’ aS ]) » O99 )’l [ QT
b ooy Jby 65 S8 g ol Sl
3 Slss (F) 5 a8 Pl jlas el (559,—2
oS g h i 5l (B (2955 Jl 0 jre anme
5 Ll9,5ee) oSLe JLIS slaobe Law s ool 3
a5 sl las)l sl sladsbo 5 (Bogmy il
S35l5e 58 et e ord & S & e Cew | (o
S5 iz e ) (b pd 0l (WDle Wl (grae
)

IS Sy Baj mang 9590 59 edee SIS oyl
51 i 5,50 35 53 57l Vo el 45
Slolie 5 o oonl i i3 ;o Vo)A L YoNF

2805 oang b Sghe 5l (LBU 1) O (sagee Cutlage
lsl 5o K5 gng b Cishe il o)k oL
i 5o NS L olyan ol Fye jlas s lo b
O Lprd 4y e a5 01 Jlis |y Jebes 4z >
S5 (5 Ol s v G b Jobo 0,
Vil 5 5510l Jgl avle aws o il o0 45 g s
Lg A.S”...c S )‘ (_g)b)l.} Pg—w g P9 aslo dw o
Mol jlas yre )3 i b 5l a5 e ng seee
@lecisie plw (V) 055 (o0 )18 (i Ko o

\RA

OySen 5 als Slo odlj ol droww

doddo

Obsl G B 0 5 odezmn (lgie 4 She (0SS
S0,k po—w aiha jlaS 0l (o0 SYsb anlP S
asldl oo (LU g g (JLS )5 Sl b g aas Rl
934 Ly e (985 Ol (oo e S 1O Wb (o
SO ol g5 5l Al 0 9 (o) JSI0 al> o
bame 30 G pe (295 Jo b ol > e oS
sk 4 (M) a2l oo lealy Suo3 Sol> 5 650k
o bl Jo e e So Gk Sl e 555 IS
ol ©2leabgond £9p8 al) gy L a5 050
0055 oot wgly ol o ol Esb e slo
Sl b S 50 ke S5 Toles 5 o Gyl
30 3l Oelee Ggemlikes (F) 09, (o0 iy (srae
@l i 50 g5 5l S ole 90 U S 5l L]
i s 53 (Sl 0 b luled 5 93,5 (oo 5141
Doy S G e G 9 o> sl
Ly o Jloy 02555 b a5 (gleanal 3 (F) 055
Ol Jolts (Jsge slaslas) 5l (o il diin
AT 6,5 o 5 o ]y e slaslasy 5 o 5
D R ol e Jolse yne )0 5ae
ez Ly (V) 05 (oo LS Jlars (T Jlo 5 (555
5 et S S Jslee 4 Glise Jole o
S sk 4 () il oo el L ol b
G mie g0l by le Gl L aglse a5 Lelse
g oad JolSS Jo jo iz Jlslw bash) jo oS
SV Sopd ksl o el el bulys
(F) Db (0 0uall (59815 o0 (i )L, o
Oszed Julge a5 Wil eols L5 (goarie lallas
5 (V) I oyme )3 iz (o0 J5 10 605 )13
eg,lo B a5 5 () Lo il aile oyl
poeied 9 (Lol )5 el ST39 g clogul asibe
D 5905 55l0,b lhes 50 (A)

Ohsd > —wny slo &5 g 5l (S Sk
S92 Slng el 5 F ke SISl aiilys so ()0
Jro oy g ardl ablo wl;y Jl o iz jhe
Gorb 3l Lopiinns Sl oo (199 5298/ S0t 5 35
S L ugpg cnl WS jaee (i jhe 4 S
039l &y e (0SS > 0 iz Srrem (S dw
O 50 Wigds (o o 28l il ol 5 035



https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

O e 43y p ol sladaly g o)l lej ) VA-gs8 )low

o=l ;o HINL g6 A (Slplalail oy (55
03gy azs <l glilo (SogS ;o il wlgie YAVA
ool ke ik el s 5 5 JLe S5 53
GrSdan Job 10 gla oo (VO) sl ], g5
4 OAS (G Sl (JLS 5 0 VAV sl lalal
don (VF) aid Io |y liw [lew jo 5,895 | o
VOB Ve Gl LVASE Jw s ams w605
Autism spectrum disorder, ) g .55l Ml 5 0l
AOV) Cal odgs ol o (055,850 5,895,805 (ASD
ES1 S IR B VAR IR IRGISNY YL S U | SO W
Slp VAL Gl coad I3l b gylo)b o oo
2ilse Jownily ool ol ((VA) cawl 004y ol o ASD
P Vg RS aS Gl e s (eSS g a2,
SARS-CoV-2 Severe ) Y b ywg,9lg,S 5,20
,o (acute respiratory syndrome coronavirus 2,
SIS 15 W (o ol 438,513 3938 aly o
b
aS Cwl 3o 5Ly, gy o SARS-CoV-2
COVID-19 ) Y2 -y 95 ob & (593, s)le b
@ 4a>¢5 L.cww | Las e (Coronavirus, disease 2019
Syse 5 odas (SIS VA0 955 ey S
Jb 0wl oals sbnl 5l ol Gl Conex
S0, B3 50 V=98 Cighe 4y oobj azgi ol
3929 b o1 loliel cuodlws o Jloix!l sl ol g
Jb 50 Ce i 4 VA-0955 (59, Slalllas ax> 51 .0 ls
Oy 9, SARS-CoV-2 ol gl ee il e, oy
$ogas JWil 0590 10 oS Oledbl 5 conl @il
Cighe | plts oS gl o8 (e o)l 2529 )]
St gole anelz )0 £90 90 (pl W)y i g Cix
30 Sl ooly i Sldlas (V) oul Czu 0590
SARS- 8-y 955 <o ghe 4 M (ol 51 (S
5 asliS 5 ol cmas piwgw &, , COV-2
o398 Shgllawil g cnas Glizee OWST4) xis
4 (Y+) sl s (NE neonatal encephalopathy, )
O3 VIV 9, (Sebodiz ©)9055 anlllas (5 gel>
Ob) b aseie 98 VA Ho liw e TY 0 oL
&l s I3 o 53 VAmw 565 & Sl

V) 53T A ojles Y4 6,55 15jl) igSaisjs ogle alan

Yy

slrcigac dox 3l S o Hee Ch ol aS
oo silSe 3, 5l Barae T3ilslis] aile g
O35, 55 (s By it slanaly b iz O]
&5 Lgl_QLgrfw (\Yl B\Y) ] 00gs ol).o.Q
S )3 (srac ab ; ogill slavely 4 a0
FAIVALY u_i.»)?.‘ﬁ.,.m.\.u‘ Slatlas ...\.;‘oé; w.@‘)ﬂ GO

2 bl 4 e Wl (oo yole (g0 ol o
Coghe Cumdg (e bL3Logd i cras plis
9 VAZe ams 2ol po iz he 0l 5 g j0le (o 9
oS Slojcd )5 L8 ax g5 050 VAV an s L4l
SIS Y 590 LTy GIlgs s 9 S e Al
D GBS Az e ol Job yo Glblig )0 g
Wb Wgle ams el Job jo a5 SlSseS
sob o bls L Pty 1655 j0 30
s il L ol slplelas] cigae sl e
Oladllas g oljer JL—5 )5 o J,8g58
IR CEPUIR VR D AT X OO ot | P WEIN PYPR WY
o wsle o)l hole jo (g g ke
sl b 4 e wlgi oo SS9 ) eShror
0dig i s, len b s cdla il 5l ac
LY Soons 2 Se9 59598 gng High (oras
S LS TNFa assle s 5 gl (55 ims alansls
S (B n 5 2ol mhl L) e SeF o
A2 o 8 13U cou (tight junction) (Sowe Jlas!
JLbgil slo Joho Loiitns Wilgs (oo S5 0 o9 229
9 3y O 3l 03,5 03l 1) (S33em S95 ww JLbinl

O A Dyl 4 aSl b SARS CoV2 5440 0

sl Jol 53,5 035fT L gy oo 395 (oo Jitie
A i oo by | ACE2 0w 15 a5 L Lo
Blood- BSCFB ) clsx s3re mle -S>
Jdo a4 .oz 1) (Cerebro Spinal Fluid Barrier,
aw b aslis ;o BSCFB (Ll o ok conle
V) M (29,50 S9i5 Sl yilin (S jhom Si9>
aon Jobo ;5 oS (s 990 )3 (29, 5en Slalllas

http://rims.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Jsb ,o (maternal immune activation, MIA) sl
(Y2 Y0 N ylo)l )0 pmac 0 iy sudlS J=1 0
isie 55 3,90 )0 1) (sanly (59,0 allie ol 3
b, slasle » s lob ol 0 SARS-CoV-2
Slapasille rizeen g 0iS (o0 )] 558 (oae
P 85 A ol g as ) slogill
Oz pre Sl S gy 5l |8 SARS-CoV-2

oS 50 ey % 56 Al Jl o

sas by oglhol glodoly jl 4dy) waled
Mgi' 5/ LS SARS-COV-2 6,20 yo U0s5 40

SARS- Cigae a5 ans oo oyl gl el anled
I |) e—aE (00 g s> ué)\j.c &g = CoV-2
S(YY=YQ) auS oyl (5085 5 JL—uS )5 Caures
F oo VA &S sas o plis Wil yo (gl adllae
So NV AmaygsS o i jlon 5o (6 s (BS05S
Gy e jlaS WS s |y amac a5 )le
wodlans] miid ooy B Sbgllawsl «lengs

w‘w‘sm.v).) 0‘9)9 ouS A-A_A-LA-A\) (SLQ Py
gl Ve FUY jo pmac 0 b i slavely
oy O 2 3 85 GBS 5 (bligs ye (S 110
G S ded Job o L/g &l ais 3 )| 8 SARS-CoV-2
Ol al jeeb o il ea i Wgie VA-0u 955
lS o JolSs ol pYL s ol & baels
Sfdes ol (riizren g Ol LSl 5180 5 )b
SARS- 60 4o olie8 OV (59, 90 aslllas
ol Joli oleogeS (e o Ao 5l L8 CoV-2
bl sloixl g 25 > o (bloyl o, sl a0
ol Sale ¥ 0 gud ) gmas slo bl ol
3loads algie olyes YAA jladsl 5155 G (YY) o8
(s l0,b lyee ;o SARS-CoV-2 tigae 4 M L)
3 oleligl las,o Ve ol ).o-l., 3 ganle i
ol S 05yl Lol las Sale VY oy
S98E b ouiiS A uslie 05,5 G Joli raslllas
Veoo sl i 3l 6,500 adgl 5,155 (V) asogs

http://rims.iums.ac.ir

OHSer 5 als Slo odlj ol droww

oaFlD (imen Nog S50l je 9 S e LD
Log ol S Dy ;085 JUU s n je 9 Sy
PRIV TS S ') | ES B SR PPN VR W -SSR 3%
Ol 50 08 B35 A 5L g (Sl
4 Mo (U5 Ololyg 50 092 (o0 Trkae 0 pse g lolyes
a5 (g U Ol b amalie ;o VA-wugsS
(DSl S ez B ok 4 VA= 995
Sa 45 a0 (lid 39290 Siletann Sl 2
oo, S sgas soliel Sye g 2lio0 0 0l S e
55 1, SARS-COV-2 igis i Lo ye ol Shol>
4535 gual i 0,90 dxlllas S 0 (YY) 0,5
Olye ar VA-0u 555 4 Dlis Hlosl ()5 00 55, 2 S
OB o ;o e lb Glye 4 o)l ) 08 5 9,50
e )3 VA-5s8 Sigde s3li98 5 5 0ke slavaly
oligh g s yole <Blge ol o2 plle losk (5 L
aeS 5093 S colely 0570wl 3590 055 )0
s g plRim Slisi s oloals 5l o S 0
Lol 392 VA=02955 (yge LIo,k U arlie JG1 0 50

FY0) wisged (15 1) 6 3VL w395 lexls 59 &5
V-0 958 4 Mie b5 aSapsb & (F) e flie 5o
QLB (o )39) Glealy il l Bl pl g9 5l i
Ol 10 (6,50 ©ye0sS adlllas jo yizmen (YY)
o5k 03 A% 5 V- 955 4 D )L (55 07 s,
4 a2lge 09,5 13 wyd9) Olealy Oliee a8l 095
St )5S S 09,8 5l it )l (e S8
(YY)
SARS- 5 m0 y0 0,8l 51 g0l j olaxs 4y ax o5
w—ac 3o Hhs o SWl el o> 0 CoV-2
oM p 53 5 b o jere i 58 osllael
3529 (gddxine 05all (Gld s .Cilo WalgS  coges
SARS-COV-2 | ,sle igie b )] i,k 5l aS o)l
(\)“3)‘;&.’):?3% =y J 0 iz e pailel o
9 rg JES Byl 5l (sras ol s Sighe
e &S Zaz 0 ,Sles o Pl (Y) x> b
s Gl e (505 osllaols slo ol &
OSlesly i i) Cudgasme aile) cas cuwl
sl 3l JUB (1) 352 (oo (SaBlaz (99

VPO 53T A oyled Y8 6,5 5jl) 1eSabju oglealan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

O e 43y p ol sladaly g o)l lej ) VA-gs8 )low

s Jol—w 5l =g LB dinfiltration) 345 .(F7)
VA-0965 w6 ke 8)lse o Chx 4y jole el
ca> 43 SARS-COV-2 (oYL gy ,b g yobe 4o
SARS- o ¢l 2 ogdle (FY) Gl ond sumlive
S i slailig She olaws iol3l b ol CoOV-2
cloé ,5 Ygons (Hofbauer) jils by Jol o
35 (FA SF0) el s pe pdle Jol i pae
e Soghe Sl GanleB oo (S ladiges
(upregulation) 08! o lais SARS-CoV-2
NK) b 0arinS 3 T sl Jsho bl sl yms
slays 9 SARS-CoV-2 au M ol (cell
|, Cai 2l o (ISGS) (9,8 il b sa iS50

(F0 FF) el ool ylas

20l ot s ol g s oS 4a>
Ay Sl 0 i R0 3195 Wil (o0 il g

£, IS il

ol gl gl Jled sla Jow 10 punilSe o
Cisis (sl o] (o 45 Coslond slyit Ly MIA
oy 45,5 L 5 35 SARS-COV-2 (s ole

Cub 1 gy e (89 JUK—w y5 LS
S—b) Jo 50 ez e sl g (ol e
ol Slalllae o

b Sl i Sl 5 55l Jld &S s (o
B0 il |y (2 dgig e (IS (i
P P Gkl e e 0y p 39 g 4 &S
O—ST s S Ba0 5 boiyg,58 )zl 55l
O §F9) 338 o il

L b g jole (goul i ol Jlad-
sma s o Jlasl JSle , JLSKw 10 6,550 Ol s
«S2 il 99 Sl i o Sl e
28 Sl bag e (S5 5LelolS 9 LB oS35 5l
(OF g0V) 8,35 o 5T i e w, Lyl
IS i g jole s phimmn— ad Jlad-
ol (i g Sz jae (650 S e o Sles
e | lad o (5289 sl e 5o PS5 gl ST
Sal (o 325 035,89 50le 039) pomg S (OF 40T)

VEO 3T A oyl Y4 oy 1g5jl) 1pSalsjs ogle alan

IV 955 x5 den Jsb )0 oab Wgie Slyes
LL3,l wagl e g SARS-COV-2 a4 oagdl )l 0l
SARS- pyme o jole (5185 )18 o (cendi o
Sl VY ol e o, olwlii 3 CoV-2
5 B ot onl L 353 (1) 3,5 bl
WS g 0dg 5l i SARS-COV-2 5 a0 o
0 85 S (aSls joid (558 )0 (G0 (sras
Wge 80sS 2STas aib Jdo pl 4 o> b Wilgs
Sl 550 555 ae2 sl @ge ;5 009l lysle jlens
O 105 Dl ) (erae lyd 5l 6k anis
Ae gasme D950 Slo Ly dguzme e, Je aii e
5585 5 ity e sill 5 Slpmoty] slmonls
$le Gl olyse ;5 SARS-COV-2 by 0
W o Hlii ) cmas 0b ) adol @bl 5 (6,108 ,50

%)

ol geiss 33 (ng s okt S5
0 G SU iy 495 9 i 9 y0lo (interface)
Mo j/ iy SARS-COV-2 Cogic

as wilools L Sles o Jow 3l Jo > slaosls
oA Vil i e Sl sl a4 MIA
cely g 0l slacisae iSTas cuw | (Syidin s
SYV) WgB oo 55,8 oy (mas (B)l5e olxl
9 550 SooeS g (ol sladgl Comex (YA
6L, slboaisd sbxyl o a5 bl gl S5
St Sl MIA (gla oo 53 0558 (sxoob ot
dL-170) 8ol iolT helper 17 sla Jol o Joli
IL- TNF- 0)) W1 055 55,5 5551 L-1Ra JIL-6
(YA-FY) iy oo 0pué § C STy iy (10

SARS- & bl 5 ol sy 5l adsl sl ol
2 el i sl S s g )b )L 0 CoV-2
as wisls l—zi SARS-CoV-2 4 M o)L b5
CFY G¥Y) 0yl |, i oy yi e IL-6 o IFN=y
|, yole SARS-COV-2 Cigie iy axlllae ppai
ol 1) cdzr sl Sl 5 (il Gl S 25 1
Sl ;o o2 9 (FO) jea> ;0 o2 a5 (FO 5FYF) wlools

Sl ools 7, ca> SARS-COV-2 i e Cigace

http://rims.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

& SRS Gz 09 85 4 ke 5l e
Olid el a4 b anleld JlE (V) sg Jaiie (WS
SARS- Cogac pmac ob, ake Ol AT wies
iz g yole gl 3l JU8 B2k 5l i LOV-2
3 SARS-COV-2 L ‘iz pudi e Cdgie gl> 4
S

SARS- o5 Cuio lie a5 aos oo L—is Waosls
SARS- &, yo slo Sl> jo ololie 0 CoV-2
Slayg, S G Cigas g Sl LY UV 0 COV-2
5 650 b o155 5l Tl S s 1ok L s
ee3S do o V) Cias Cdsae ol e CaSE series
J el ¥Vt diges V)l anllas S50 ((OA) o)
o VA-aug65 4 Mie U5 ;0 SARS-CoV-2 L
alllas (gl Gl ogy oo (el ey po Gl b
sl Ggai 0 1) SARS-COV-2 5455 0929 a5 345 (!
5 Slole ot ble & args b g5 b, stin
SARS- rw laly loy 40 iz g yole slo 8L
s | jasiol asdllae (p) o ouls olelis CoV-2
b« SSgeiel @ole pobe (95 5l Eml (Son gio 00
50 .09) 0l Sguial 4 unS g i slalie
Coogre a4 M Jlob oy cas )l 6,50 axlllas
o Sl S A o ) S SARS-CoV-2
99 9 WL 29 () )l Wb (5397 4 09> i
A olg dxdllas ol o 0lie 90 .00 )5 Hlasly 1 )
SARS-CoV- L 5l lolie « 539, aw 5 lgi gau ;o
o3l olje G sl atan ¥V (6,80 j0 Nog A 2
SARS- L 5l g Cwdle gy ax ST oo i W gis
9 S (59 Cemd S wizen g 0D Cute COV-2
(Fe) 09 Cudio 8L 9>

558 e o S st sl Slalllas 4z S
(FA gFP a1 o0,S Sl & 1) ca > &6 sac
ol Sdz Zighe plyn e (adlre slap—ilSe
elds > (ole SARS-COV-2 oyg o5 oljee
Ol poe 5 gy Ponduw (S0 53 (o
slp (TMPRSS24 ACE2) ;L 5,50 slaJsgo
e J=1s 4 SARS-CoV-2 54,9 9 JL—uas!

http://rims.iums.ac.ir

OHSer 5 als Slo odlj ol droww

ab, Jlo 59 jie p MIA L35 agee slo 00 o
(B8) w3l

(Jle Olsie ) ol g @ WIL MIA
0 iy 5 sy s AN G 1 55 IFN (lo oo
e g iz o (IL-1B L6 TNF-0 wiile) byl
Gl Jbd il o pgaz 4wl Jb )0 e
Toll s 005 .5 20 JLX—w o ys 53,k 5l
3 sl b Jd b S ol 4y 9 (TLR7/8)
15 0 TLRITLRA KoJiSe s clo o 3o,k
OF XA XA) ol

Selg S0 Sl slas Slos 4 MIA (sla Jowe-
Sl Gloie 4 S g slaaSb 5 i
o)Ll i e (oo pof 0 Slwdine; glS
Caigid S olare ay LS9 ,Soe sl Liol33l Lasles S
b lo cdled yo poss g ol o iy
@ ez b Sl B30 08 see 9 S pe 0 b (49,88
339 9 (S Olh9d )2 &5 b JSAT S
sly Gl So S JLl5 5,80 0 Shos s 2
B b grml (il Jlab 3B g S0 sl Slagios
ai, J 0 ez e g3, 5 SARS-COV-2 ;|
Jsb iS5 gl gl by yriman MIA .l
Oles )3 PTGl B (—mas s iy lo
S Sy LSl mas p_ﬂ).» 30 Ol yus t mal
5 &l 0N ani ey J—ail o SOlyeass g a8l
095° &2 l9e cnlpliy ol lad o Snerd oS5 )55
L Ces| (5w SARS-COV-2 Ly Las 1o MIA |y o,
S sl Job—w o ,Slos 4 89';‘ EVE:| PO N W)

o gic g o > oly jISARS-COV-2 Jli il
Jopol 4 U Jgltio b oy y &G i ppmiliuno
0355 0ogll 4y 0l &S Cda Gk 5l gy Ja

2 e s Il Gles Wil (oo ol (e 8L
GaudS Jole G an b asls ol ) Jb jo i 33

LT s el ol g Jlisl Coghe yas S0 0
cax jlwlg o yole 5l oud S SARS-CoV-2

JUsl 5l as adl ol 5 (o3l b Bl Glore @)

VPO 53T A oyled Y8 6,5 5jl) 1eSabju oglealan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

O e 43y p ol sladaly g o)l lej ) VA-gs8 )low

Sl lo o2
Pyre 0 Shals Yoo 5l o ales 5l (55
8 SARS-CoV-2 cigac oS ols oylas COVID-19
by ol 8 (omas o sl s RIBIL Wy
A 3l yeee 5l e a5 w0 plid B la s
Lolgl o BL as o olg oo 1) SARS-CoV-2 (>
@l Sigie Gyb jlegdll b 4 &5 23L )l )b
2 oge ) (o0 (i o 4y A998 S pgels
Pl (ol Cighe e dr (owg g S (il 09
3O il PS4 porie 055 (6055 A Ay ,eS Al
e 5 g sloo Slee S (g )eb 4y oo )] o Sles
0 B b S (b e ple Ji3 5 Jox g
ez e ol JIg sloesls gal> 3BT .(FO) W5 5
Ol ke cpges (i s 50 sla osls sladcgas |
ouisS S p lge 4 TMPRSS2 3 ACE2 Sul
Job ol ol Vb Ly bl wg S ontigy slo
OLas poms g pgo aole d 5o (lo YL L)k
0595 cnl 50 Gl cam ] iuldl 5l Sl aS ol ool
Olwil gl Jaw 5l (gogame walel (FF) Cuwl g ko)L
WS Jizme | T L iy 598 1) (30 (o5 e il e
aS aaeo co i3l |y Jlazzt pl laosls pl cgoxe
Mg (g i d Oz 9% B0 4 (omgg D0 5]
Lowdiim < .\J‘}:LSA gslﬁlw CJGM )0 (et W WSS
)8 SARS-COV-2 L g 5l iy Cogie b cos

(Y£) 0,5

S el Ve Sl e

SARS-CoV-2 b L po Preterm) wyog; Lo
as iy yh g
Vg5 5 e SARS-COV-2 o yme ;5 28,5 |3
Collaol slaasly 4 puk | ySas 3l
g 5o 08 ;*-’L’ Ol3,8 (gemas 0y os,l0,L
oIl Lo gyloyb oles 0 SARS-CoV-2 i sac
0395 Olealy slodaly 9 (wpodST 0 & Dl Jlas
S5, e e Syl b i o a5 C | o e

NG

V) 53T A ojles Y4 6,55 15jl) igSaisjs ogle alan

Jae 5l ol 4 3955 sl SARS-CoV-2
595 s 5 93l (o0 (ACED) Y (o iligy ]
S efigp i dximue el TMPRSS2 gl
95 oo Ole Slodsbe @ 995 sl g (el
JE! g cax Cogae 8)lee SWl Gl b gillas . (FY)
JoB sl syl 4 bagpe laosls 95T cs350s
S, olye0 plei 0 SARS-COV-2 (5 ,me 0 00
Goyel 4l caw | oy 0 50 (pg U Jol anle 4 )
3 585 185l e saiie lh,0k a0 e
Cl 0oid yalb W5 5l i SARS-COV-2 5 ,e0
B V)L i eakims Cighe sims Lis a5
Sldlae o g 5l Jiw mas )0 ppsal Olllas
ool olulid ;5 alie job 4 o)l 0Uj &)595
odolie BB oo laases Jols cwlibconl
C S SARS-CoV-2 5,0le Cogae b las e
s G Jlad 4y o ools pl des (FT) Wloo, s>
WQMJ@QTJwﬁjms)ouM|
o2)lse gl sla S e plyie 4 Gtz (rae (el
SARS-COV-2 (6 yme ;o l055,8 10 (com—ac 00

(YF) o,ls oL

2 90 oz o Jla in pdy o —l
SARS-CoV-2 cdgic
Cigae ade SAl 98 Slaal_in slrosls of, Je
e slp b (ol prille ploie 4 (i peliine
Jeily Jsboo 5 Sloe> slooe ) Jb )0 i
e Sl eufil o (40,5 034)1 5l |, SARS-CoV-2
Alosls las 1) 09l 5L sh> A &S S g0 0 i
SARS- Cigae a5 aad oo oylid ialidl 4 g, aaled
L 3o sy o Wl oo iz oly90 0 COV-2
&S gl aeS @ 0,0 YL 50sS 5 JuS ) Curex o
Sl enl joly (Sb3lsy g (smas Goye 5 0> 5)los
L iz g > S8 ghe a5 pudls oo .00 S ol
&° ).Ia.» LY Sl 09y )bl.; )5}4)‘ LY i SARS-CoV-2
ol Jazl 4 g,ls )L ;0 SARS-CoV-2 Cigae v
ol iz 8 Jld @b 5l i e S
wle VY 6,50 (F9) )08 o b caz g 0k

http://rims.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

—el llps Jle Glgie ) Wy ) S slecens
B (Lbe)‘é &-é).»a.A ‘L)"’)““" 5&‘9,0 k_g).oé.A s)bLo k.iaJ}JL.Q
ol ogill 3l male S5 sl i om0

References

1. Stiles J. and Jernigan TL. The basics of brain
development. Neuropsychol Rev. 2010; 20: 327-48.

2. Kolb B, Mychasiuk R, Gibb R. Brain
development, experience, and behavior. Pediatr Blood
Cancer. 2014; 61:1720-1723.

3. Budday S, Steinmann P, Kuhl E. Physical biology
of human brain development. Front Cell Neurosci.
2015; 9: 257.

4. Kinney, H.C. and J.J. Volpe, Myelination events,
in Volpe's neurology of the newborn. 6™ ed. 2018,
Elsevier. 176-188.

5. Ziskin MC, Morrissey J. Thermal thresholds for
teratogenicity, reproduction, and development. Int J
Hyperthermia. 2011; 27: 374-387.

6. Alwan S, Chambers CD. Identifying human
teratogens: an update. 2015; 4: 39-41.

7. Goodlett CR, Horn KH, Zhou FC. Alcohol
teratogenesis: mechanisms of damage and strategies
for intervention. Exp Biol Med. 2005; 230: 394-406.

8. van Gelder MM, van Rooij IA, Miller RK,
Zielhuis GA, de Jong-van den Berg LT, Roeleveld N.
Teratogenic mechanisms of medical drugs. Hum
Reprod Update. 2010; 16: 378-94.

9. Cheeran MCJ, Lokensgard JR, and Schleiss MR.
Neuropathogenesis of congenital cytomegalovirus
infection :disease mechanisms and prospects for
intervention. Clin Microbiol Rev. 2009; 22: 99-126.

10. Mlakar J, Korva M, Tul N, Popovi¢ M, Poljsak-
Prijatelj M, Mraz J et al. Zika virus associated with
microcephaly. N Engl J Med. 2016; 374: 951-58.

11. De Vries LS. Viral infections and the neonatal
brain. in Seminars in pediatric neurology. Semin
Pediatr Neurol. 2019;32:100769

12. Al-Haddad BJ, Jacobsson B, Chabra S,
Modzelewska D, Olson EM, Bernier R, et al. Long-
term risk of neuropsychiatric disease after exposure to
infection in utero. JAMA Psychiatry. 2019; 76: 594-
02.

13. Yockey LJ, Lucas C, Iwasaki A. Contributions
of maternal and fetal antiviral immunity in congenital
disease. Science. 2020; 368: 608-12.

14. Ganguli S, Chavali PL. Intrauterine viral
infections: impact of inflammation on fetal
neurodevelopment. Front Neurosci. 2021;15:771557.

http://rims.iums.ac.ir

OHSer 5 als Slo odlj ol droww

SARS-COV-2 ps LL5 | (PR ST ) cuwl Lo o
) gmas dnwg 4 bgpe Slalllae (o)39) Gleal; g
b by s S50 2Uls5 pln) i (oo odomy
SARS-COV- jil qae il 513,105 o 135 g
Al 34lge 0 aS Cuwl (g0l (g ks bl Lefo 2
OS5 2 Sz (nl 53 S (o0 SS 939 lenl
s dd; Hle YL gs wls o5 P b osem
929 DRl (o s 0 Slp @l I wuS 42 |,
s yalais] (ST e lie 10 bl (5500 cens] dans
S los mang 095 S5 L (il b S
ol Sishe Sl b ll S 5o ey0e5 oleal;
LU ol g by w20 o 7, SARS-CoV-2
g Gl 4l Jlows cpl 4 dalllae SO Lo g
Sz o b plaren jole Cigas a5 o azdly o
3 om a2l VY e 0, stk slacly sl
GyegS dxlllas ! jo e wl ol e w095 el
4V -w9s5 S aen Jsb ;o a5 oolies VYVY (s,
Ceand b ole YYY 5loncd agie ololes jo siawl Lis

3 —2,l9e o flealy 5l e Jgl ele VY o aS
(FF) b j3e (0555

SARS- cigae Jwily bxol jo ool &1l glaosls

Cax ol gosl ppn S 20 gl 1) ol COV-2
Collaol grac 0l sl Jenily a2eS 0 5 i g
ol Wb eay! Cldllas e o i |y i
Sz sl slagl LT &S aams wly Sl
515 b olo SARS-COV-2 igic 1o suds sdnline
oot bt b Sl s e (IS5 8 50 (oas
3 e sl Gy sl koo 2 55U b ol anns
2 Obzes Sl (See o Jsl anle a )3 035 4
6 JLlS 5 S 5l i 3500 B2k 5 ke 9t
95 b g el SIS S (plplis 0l
a5 sledely Jlaxlabu |y G lyie 4 ool
Wogae ey (6,185 ,50 awl ppo [l (s
(ooany Hize slo Ssu

g

VPO 53T A oyled Y8 6,5 5jl) 1eSabju oglealan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

15. Shuffrey LC, Firestein MR, Kyle MH, Fields A,
Alcantara C, Amso D, et al., Association of birth
during the COVID-19 pandemic with
neurodevelopmental status at 6 months in infants with
and without in utero exposure to maternal SARS-CoV-
2 infection. JAMA  Pediatr. 2022  Jun
1;176(6):€215563.

16. Mednick SA, Machon RA, Huttunen MO, Bonett
D, et al. Adult schizophrenia following prenatal
exposure to an influenza epidemic. Arch Gen
Psychiatry. 1988; 45: 189-92.

17. Patterson PH. Immune involvement in
schizophrenia and autism: etiology, pathology and
animal models. Behav Brain Res. 2009; 204: 313-21.

18. Lee BK, Magnusson C, Gardner RM, Blomstrém
A, Newschaffer CJ, Burstyn I, et al. Maternal
hospitalization with infection during pregnancy and
risk of autism spectrum disorders. Brain Behav
Immun. 2015; 44: 100-105

19. Granja MG, Rocha Oliveira AC, Figueiredo CS,
Gomes AP, Ferreira EC, Giestal-de-Araujo E, et al.
SARS-CoV-2 infection in pregnant women:
Neuroimmune-endocrine changes at the maternal-fetal
interface. Neuroimmunomodulation. 2021; 28: 1-21.

20. Chaubey 1, Vignesh R, Babu H, Wagoner I,
Govindaraj S, Velu V. SARS-CoV-2 in Pregnant
Women: Consequences of Vertical Transmission.
Front Cell Infect Microbiol. 2021 Sep 9;11:717104.

21. Villar J, Ariff S, Gunier RB, Thiruvengadam R,
Rauch S, Kholin A, et al. Maternal and neonatal
morbidity and mortality among pregnant women with
and without COVID-19 infection: the INTERCOVID
multinational ~ cohort  study. JAMA  Pediatr.
2021;175(8):817-826

22. Papapanou M, Papaioannou M, Petta A, Routsi
E, Farmaki M, Vlahos N, et al. Maternal and neonatal
characteristics and outcomes of COVID-19 in
pregnancy: an overview of systematic reviews. Int J
Environ Res Public Health . 2021;18(2):596.

23. Taghavi SA, Heidari S, Jahanfar Sh, Amirjani
Sh, Aji-Ramkani A, Azizi-Kutenaee M, et al.
Obstetric, maternal, and neonatal outcomes in
COVID-19 compared to healthy pregnant women in
Iran: a retrospective, case-control study. Middle East
Fertil Soc J. 2021;26(1):17.

24, Pirjani R, Hosseini R, Soori T, Rabiei M,
Hosseini L, Abiri A et al. Maternal and neonatal
outcomes of pregnant patients with COVID-19: A
prospective  cohort study. J Travel Med.
2020;27(7):taaals8.

25. Brown, A.S. and Meyer U. Maternal immune
activation and neuropsychiatric illness: a translational
research perspective. Am J Psychiatry. 2018; 175:
1073-83.

26. Racicot K and Mor G. Risks associated with
viral infections during pregnancy. J Clin Invest. 2017;
127: 1591-1599.

27. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et

V54

OySen 5 als Slo odlj ol droww

al., Neurologic manifestations of hospitalized patients
with coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. 2020; 77: 683-90.

28.Han Y, Yuan K, Wang Z, Liu WJ, Lu ZA, Liu L,
et al., Neuropsychiatric manifestations of COVID-19,
potential neurotropic mechanisms, and therapeutic
interventions. Transl Psychiatry. 2021; 11: 1-20

29. Lindan CE, Mankad K, Ram D, Kociolek LK,
Michelle Silvera V, Boddaert N, et al. Neuroimaging
manifestations in children with SARS-CoV-2
infection: a multinational, multicentre collaborative
study. Lancet Child Adolesc Health. 2021; 5: 167-77.

30. Ray ST, Abdel-Mannan O, Sa M, Fuller C, Wood
GK, Pysden K, et al.Neurological manifestations of
SARS-CoV-2 infection in hospitalised children and
adolescents in the UK: a prospective national cohort
study. Lancet Child Adolesc Health. 2021;5: 631-641.

31. Huang P, Zhou F, Guo Y, Yuan S, Lin S, Lu J et
al. Association between the COVID-19 pandemic and
infant neurodevelopment: A comparison before and
during COVID-19. 2021: p. 1087.

32. Shuffrey LC, et al, Association of Birth During
the COVID-19 Pandemic With Neurodevelopmental
Status at 6 Months in Infants With and Without In
Utero Exposure to Maternal SARS-CoV-2 Infection.
Front Pediatr. 2022; e215563-e215563.

33.Wang Y, Chen L, Wu T, Shi H, Li Q, Jiang H, et
al. Impact of Covid-19 in pregnancy on mother’s
psychological status and infant’s neurobehavioral
development: a longitudinal cohort study in China.
BMC Med. 2020; 18: 1-10.

34. Ayed M, Embaireeg A, Kartam M, More K,
Algallaf M, AlNafisi A, et al. Neurodevelopmental
outcomes of infants secondary to in utero exposure to
maternal SARS-CoV-2 infection: A national
prospective study in Kuwait. 2021; MedRXxiv.

35. Edlow AG, Castro WM, Shook LL, Kaimal AJ,
Perlis RH. Neurodevelopmental outcomes at one year
in offspring of mothers who test positive for SARS-
CoV-2 during pregnancy. 2021; MedRxiv

36. Shook LL, Sullivan EL, Lo JO, Perlis RH, Edlow
AG. COVID-19 in pregnancy: implications for fetal
brain development. Trends Mol Med. 2022
Apr;28(4):319-330.

37. Santana-Coelho D, Layne-Colon D, Valdespino
R, Ross CC, Tardif SD, O'Connore JC. Advancing
Autism Research From Mice to Marmosets:
Behavioral Development of Offspring Following
Prenatal Maternal Immune Activation. Front
Psychiatry. 2021;12:7055542

38. Careaga M, Murai T, Bauman MD. Maternal
immune activation and autism spectrum disorder:
from rodents to nonhuman and human primates. Biol
Psychiatry. 2017; 81: 391-401.

39. Baines KJ, Hillier DM, Haddad FL, Rajakumar
N, Schmid S, Renaud SJ. Maternal immune activation
alters fetal brain development and enhances
proliferation of neural precursor cells in rats. Front


https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

Immunol. 2020; 11: 1145,

40. Canetta S, Sourander A, Surcel H, Hinkka-Yli-
Saloméki S, Leiviskd J, Kellendonket C, et al.
Elevated maternal C-reactive protein and increased
risk of schizophrenia in a national birth cohort. Am J
Psychiatry. 2014; 171: 960-968.

41. Rudolph MD, Graham AM, Feczko E, Miranda-
Dominguez O, Rasmussen JM, Nardos R, et al.
Maternal 1L-6 during pregnancy can be estimated
from newborn brain connectivity and predicts future
working memory in offspring. Nat Neurosci . 2018;
21: 765-772.

42. Tanacan A, Yazihan N, Erol SA, Anuk AT,
Yucel Yetiskin FD, Biriken D, et al. The impact of
COVID-19 infection on the cytokine profile of
pregnant women: A prospective case-control study.
Cytokine 2021; 140:155431.

43. Sherer ML, Lei J, Creisher PS, Jang M, Reddy
R, Voegtline K, et al. Pregnancy alters interleukin-1
beta expression and antiviral antibody responses
during severe acute respiratory syndrome coronavirus
2 infection. Am J Obstet Gynecol. 2021; 225: 301. el-
301. el4.

44. Lu-Culligan A, Chavan AR, Vijayakumar P,
Irshaid L, Courchaine EM, Milano KM, et al.,,
Maternal respiratory SARS-CoV-2 infection in
pregnancy is associated with a robust inflammatory
response at the maternal-fetal interface. Med (NY).
2021; 2: 591-610. e10.

45. Bordt EA, Shook LL, Atyeo C, Pullen KM, De
Guzman RM, Meinsohn MC, et al. Maternal SARS-
CoV-2 infection elicits sexually dimorphic placental
immune responses. Sci Transl Med. 2021; 13:
eahi7428.

46. Edlow AG, Li JZ, Collier AY, Atyeo C, James
KE, Boatin AA, et al. Assessment of maternal and
neonatal SARS-CoV-2 viral load, transplacental
antibody transfer, and placental pathology in
pregnancies during the COVID-19 pandemic. JAMA
Netw Open. 2020; 3: €2030455.

47. Argueta LB, Lacko LA, Bram Y, Tada T, Carrau
L, Zhang T, et al. SARS-CoV-2 infects
syncytiotrophoblast and activates inflammatory
responses in the placenta. bioRxiv. 2021 Jun
17:2021.06.01.446676

48. Hecht JL, Quade B, Deshpande V, Mino-
Kenudson M, Ting DT, Desai N et al. SARS-CoV-2
can infect the placenta and is not associated with
specific placental histopathology: a series of 19
placentas from COVID-19-positive mothers. Mod
Pathol. 2020; 33: 2092-2103.

49. Bonnin A, Goeden N, Chen K, Wilson ML, King
J, Shihet JC, et al. A transient placental source of
serotonin for the fetal forebrain. Nature. 2011; 472:
347-350.

http://rims.iums.ac.ir

OHSer 5 als Slo odlj ol droww

50. Bonnin A, Levitt P. Fetal, maternal, and
placental sources of serotonin and new implications
for developmental programming of the brain.
Neuroscience. 2011; 197: 1-7.

51. Luchicchi A, Lecca S, Melis M, De Felice M,
Cadeddu F, Frau R et al. Maternal immune activation
disrupts dopamine system in the offspring. Int J
Neuropsychopharmacol. 2016; 19: pyw007

52. Grayson B, Levasseur PR, Williams SM, Smith
MS, Marks DL, K L GroveC hanges in melanocortin
expression and inflammatory pathways in fetal
offspring of nonhuman primates fed a high-fat diet.
Endocrinology. 2010; 151:1622-1632.

53. Kalish BT, Kim E, Finander B, Duffy ED, Kim
H, Gilman CK, et al. Maternal immune activation in
mice disrupts proteostasis in the fetal brain. Nat
Neurosci. 2021; 24: 204-213.

54. Simd@es LR, Sangiogo G, Tashiro MH, Generoso
JS, Faller CJ, Dominguini D, et al., Maternal immune
activation induced by lipopolysaccharide triggers
immune response in pregnant mother and fetus, and
induces behavioral impairment in adult rats. J
Psychiatr Res. 2018; 100: 71-83.

55. Chu C, Murdock MH, Jing D, Won TH, Chung
H, Kressel AM, et al., The microbiota regulate
neuronal function and fear extinction learning. Nature.
2019;574(7779):543-548.

56. Kwon J. Suessmilch M, McColl A, Cavanagh J,
Morris BJ. Distinct trans-placental effects of maternal
immune activation by TLR3 and TLR7 agonists:
implications for schizophrenia risk.  Sci Rep.
2021;11(1):23841.

57. Megli, C. and Coyne CB. Gatekeepers of the
fetus: Characterization of placental macrophages J
Exp Med. 2021; 218(1):20202071..

58. Kotlyar AM, Grechukhina O, Chen A,
Popkhadze S, Grimshaw A, Tal O, et al. Vertical
transmission of coronavirus disease 2019: a systematic
review and meta-analysis. Am J Obstet Gynecol.
2021; 224(1):35-53.e3

59. Penfield CA, Brubaker SG, Limaye MA, Lighter
J, Ratner AJ, Thomas KM, et al. Detection of severe
acute respiratory syndrome coronavirus 2 in placental
and fetal membrane samples. Am J Obstet Gynecol
MFM. 2020;2(3):100133.

60. Buonsenso D, Costa S, Sanguinetti M, Cattani P,
Posteraro B, Marchetti S, et al. Neonatal late onset
infection with severe acute respiratory syndrome
coronavirus 2. Am J Perinatol. 2020;37(8):869-872.

61. Hoffmann M, Kleine-Weber H, Schroeder S,
Kriger N, Herrler T, Erichsen S, et al. SARS-CoV-2
cell entry depends on ACE2 and TMPRSS2 and is
blocked by a clinically proven protease inhibitor.
2020. Cell. 2020 Apr 16;181(2):271-280.€8.

62. Woodworth KR, O'Malley Olsen E, Neelam V,

VPO 53T A oyled Y8 6,5 5jl) 1eSabju oglealan


http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-03 ]

O e 43y p ol sladaly g o)l lej ) VA-gs8 )low

Lewis EL, Galang RR, Oduyebo T, et al. Birth and
infant outcomes following laboratory-confirmed
SARS-CoV-2 infection in pregnancy—SET-NET, 16
jurisdictions, March 29-October 14, 2020. MMWR
Morb Mortal Wkly Rep. 2020 ;69(44):1635-1640.

63. Leyser M, Marques FJP, Nascimento OJM.
Potential risk of brain damage and poor developmental
outcomes in children prenatally exposed to SARS-
CoV-2: A systematic review. Rev Paul Pediatr.
2021;40:2020415

64. Soto-Torres E, Hernandez-Andrade E, Huntley
E, Mendez-Figueroa H, Blackwell SC. Ultrasound and
Doppler findings in pregnant women with SARS-
CoV-2 infection. Ultrasound Obstet Gynecol.
2021;58(1):111-120.

65. Sarieva K and Mayer S, The effects of
environmental adversities on human neocortical
neurogenesis modeled in brain organoids. Front Mol
Biosci. 2021;8:686410.

66. Varma P, Lybrand ZR, Antopia MC, Hsieh J.
Novel targets of SARS-CoV-2 spike protein in human
fetal brain development suggest early pregnancy
vulnerability. Front Neurosci. 2021 ;14:614680.

67. Zhang L, Zhou L, Bao L, Liu J, Zhu H, Lv Q, et
al. SARS-CoV-2 crosses the blood-brain barrier
accompanied with basement membrane disruption
without tight junctions alteration. Signal Transduct
Target Ther. 2021;6(1):337.

68. Song E, Zhang C, Israelow B, Lu-Culligan A,
Prado AV, Skriabine S, et al. Neuroinvasion of SARS-
CoV-2 in human and mouse brain. J Exp Med.
2021;218(3):e20202135.

69. Mendoza M, Garcia-Ruiz I, Maiz N, Rodo C,
Garcia-Manau P, Serrano B, et al. Pre-eclampsia-like
syndrome induced by severe COVID-19: a
prospective observational study. BJOG.
2020;127(11):1374-1380.

V) 53T A ojles Y4 6,55 15jl) igSaisjs ogle alan

YV

http://rims.iums.ac.ir



http://rjms.iums.ac.ir/
https://rjms.iums.ac.ir/article-1-7555-en.html
http://www.tcpdf.org

