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Background: COVID-19 infection, preeclampsia and gestational diabetes mellitus in pregnancy cause
similar changes in the placenta and influence development of the fetus between conception and birth in gesta-
tion. Proper uterine and placental vascularization is essential for normal fetal development. The transpla-
cental exchange is regulated and maintained by the placental endothelium. During placental implantation,
the trophoblast differentiates into two distinct layers, the inner cytotrophoblast and outer syncytiotropho-
blast, which are key elements of the human placental barrier. Proinflammatory cytokines exacerbate ischemic
events and create an upward spiral of an inflammatory reaction in the placenta. Placental pathology in ges-
tational COVID-19 shows desquamation and damage of trophoblast and chronic histiocytic intervillositis.
Similar lesions also occur in gestational diabetes mellitus and preeclampsia. Common ground: The systemic
inflammatory response of the mother, the increased inflammation in the placenta and cytokine production
by placental trophoblasts should be monitored throughout pregnancy. Placental angiogenesis can be evalu-
ated by serum vascular endothelial growth factor, Annexin A2, placental growth factor or sclerostin. Tissue
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damage can be assessed by measuring levels of serum lactate dehydrogenase and myeloperoxidase. Blood
flow can be monitored with three-dimensional Doppler and pathological changes can be documented with
paraffin-embedded tissue sections stained with hematoxylin and eosin, and electron microscope images as
well as immunohistochemistry tests for vascular endothelial growth factor, placental growth factor, sclerostin
and Annexin A2. Opinion: The damage of maternal and fetal vascular perfusion (villitis and fibrin deposition)
is a common mechanism of gestational diseases. The placenta lesions liberate anti-endothelial factors that
lead to anti-angiogenic conditions and are the common mechanism of maternal placental vascular malperfu-

sion in gestational diseases.

Keywords: pregnancy, placenta, inflammation, vascularization, dysfunction, pathology.

uthors reviewed placental vascular develop-
Ament during pregnancy in gestational
COVID-19 (GCD), preeclampsia (PE) and
gestational diabetes mellitus (GDM). Appropriate
uterine and placental vascularization is essential for
the normal fetal development. During the placenta
implantation, the trophoblast differentiates into two
distinct layers — inner cytotrophoblasts and outer
syncytiotrophoblasts — which are key elements of the
human placental barrier. In placenta lesions during
pregnancy, the systemic inflammatory response of
the mother induces platelet activation, proinflamma-
tory cytokine production induces pathophysiological
changes that occur at the maternal-fetal interface.
The proinflammatory cytokines exacerbate ischemic
events and create an upward spiral of inflammatory
reaction in the placenta activating cytokine produc-
tion in the placental trophoblast. The pathology in
placenta lesions shows inflammation, desquamation
and damage of trophoblast and placental hypoplasia
in GCD, PE and GDM. These disorders in preg-
nancy could trigger commonalities in lesions dur-
ing gestation including unusual or reduced blood
flow — or malperfusion — in the placental maternal
vasculature, increased intramural fibrin deposition,
stromal-vascular karyorrhexis and chronic villitis.
The authors concluded that different gestational
diseases have a common mechanism with similar
placenta lesions. The pathological changes in the pla-
centa during pregnancy may result in the inability of
the placenta to perform its normal function, which
could cause placental insufficiency, induced fetal in-
flammatory response, vascular thrombosis, stillbirth,
fetal growth restriction or delay of neurosensorial
development.

The reviewed literature revealed that metabo-
lism of the placenta adapts to maternal physiologi-
cal changes, adjusting its responses to nutrients and
endocrine regulations. This adaptability optimizes
hormone synthesis, diversifying available sources
for energy production, angiogenesis, immune acti-
vation and tolerance, and pregnancy outcomes [1,2].
The oxygen- and nutrient-rich blood is carried from
the placenta to the fetus via the umbilical vein, while
deoxygenated blood and waste products transport
from the fetus to the placenta by two arteries.

The chorionic plate, the umbilical cord and the
chorionic villi are the main structural elements of
the human placenta. The intervillous space is filled
with maternal blood that enters in this cavity via
remodeled and opened maternal spiral arteries and
leaves via uterine veins [3]. Binding of SARS-CoV-2
to the angiotensin-converting enzyme 2 (ACE2) and
its entrance into endothelial cells play a crucial role
in inflammation of the placental endothelium [4].
The upward spiral of an inflammatory reaction in the
placenta is initiated and maintained by proinflam-
matory cytokines, which exacerbate the ischemic
events that will ultimately affect fetal development
[5]. The histomorphology of the placenta in patients
with PE and GDM shows a significant number of
capillaries in terminal villi, syncytial knots and stro-
mal fibrosis. Failure of placental angiogenesis and
pseudo-vasculogenesis during placental development
have been linked to the pathogenesis of GDM and
PE, and recently published papers on GCD report
similar placental changes [6]. Invasion of trophoblast
cells into lymphatics occurs before the trophoblast
cells remodel the spiral arteries in the decidua, and it
is in line with immunomodulation as an early aspect

Abbreviations: PE — preeclampsia, GDM — gestational diabetes mellitus, GCD - gestational COVID-19, ACE2 — angio-
tensin-converting enzyme 2, PCD - placental cytotrophoblast dysfunction, VEGF - endothelial growth factor, PGF —
placental growth factor, TNF-a — tumor necrosis factor-alpha, IL — interleukin, IFN-y — interferon-gamma, MPO — my-
eloperoxidase, eNOS — endothelial nitric oxide synthase, NO — nitric oxide.
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of pregnancy. However, endometrial lymphatics may
later lose their functional significance [7].

Several published papers featuring diseases in
pregnancy (GDM, PE, GCD) indicate the driving
force of placental cytotrophoblast dysfunction (PCD)
is the expression of decidual chemokines, cytokines,
and growth factors such as endothelial growth fac-
tor (VEGF), placental growth factor (PGF) and An-
nexin A2 that affect trophoblast migration and/or
invasion. Decreased expression of Annexin A2 and
loss of its association with VEGF leads to deficient
trophoblastic invasion in PE [8]. Some of these mole-
cules including sclerostin likely play numerous roles
at the maternal-fetal interface including decidual
angiogenesis, spiral artery remodeling and activa-
tion and maturation of immune cells, extravillous
trophoblasts, uterine natural killer cells and decidual
fibroblasts [9].

Authors believe that the vascular inflammatory
disorders cause placental hypoplasia, fetal vascu-
lar thrombosis and may result in maternal vascular
malperfusion and fetal vascular malperfusion that
leads to possible long-term damaging effects for
newborns [10]. Maternal vascular malperfusion re-
sults in trophoblast necrosis, trophoblast necrosis,
increased intramural fibrin deposition, stromal-vas-
cular karyorrhexis and chronic villitis. Histopatholo-
gy, electron microscope images, and immunohisto-
chemistry are used to quantify pro-inflammatory
and ischemic effects in the placenta [6]. Therefore,
the risks due to GCD, GDM and PE include miscar-
riage, fetal inflammatory response, stillbirth, fetal
growth restriction and delay of neurosensorial de-
velopment [11].

These findings highlight the importance of a
combined assessment of the decidua and placenta
for the understanding of pathophysiological changes
occurring at the maternal-fetal interface. In clinical
practice, three-dimensional power Doppler has ena-
bled us to study the morphology of the vascular tree
in vivo and to calculate the direct blood flow of the
placenta [12, 13].

The immune status of preghant women and
consequently the newborn is altered in PE, GCD
and GDM due to inflammation. Unpublished data by
Vari SG et al. show the balance between proinflam-
matory cytokines and anti-inflammatory cytokines
play a significant role in PCD. Immune activation
at the maternal-fetal interface by proinflammatory
cytokines like tumor necrosis factor-alpha (TNF-a),
interleukins (IL) such as IL-1f, IL-2, IL-6, IL-12,

IL-17A) and anti-inflammatory cytokines (human
interferon-gamma (IFN-vy), IL-4, IL-5, IL-8, IL-10,
IL-22) are main pathogenic factor in PE, GDM and
GCD. Polymorphonuclear neutrophils are activated
in PE patients, and 1L-32 expression is upregulated
in syncytiotrophoblasts [14].

It is well proven and reported that in the coro-
nary and peripheral circulation, oxidative stress and
endothelial dysfunction have important prognostic
implications. The endothelial nitric oxide synthase
(eNOS) produces nitric oxide (NO) at low levels
unless stimulated by bradykinin during inflamma-
tion [15]. At the same time, it is well known that NO
plays a curtailing role in the intracellular antiviral
defense and inhibits a broad spectrum of viruses in-
cluding SARS-CoV-19 [16].

Myeloperoxidase (MPO)-derived oxidants also
contribute to tissue damage during inflammation
leading to PCD. Throughout the progression of car-
diovascular disease, MPO-catalyzed reactions are
attributed to pro-atherogenic biological activities in
different phases of the atherosclerotic process that
includes initiation, propagation, and acute complica-
tion [17].

Common ground

From our perspective, the placental cytotropho-
blasts convert from an epithelial to an endothelial
phenotype during normal fetal development in PE,
GDM and GCD. The changes in vasculogenesis
throughout fetal development could lead to pseudo-
vasculogenesis and PCD [18, 19]. During COVID-19
infection, changes in physiological features result
from the harmful amplification loop between inflam-
mation and tissue damage and induced dysregulation
of neutrophil extracellular traps formation [20, 21].

The maternal platelet count decreases gradu-
ally during pregnancy from the first, to second and
to third trimester. It is our understanding that in PE
and GDM, the maternal platelets promote endovas-
cular trophoblast infiltration and thus cause patho-
logical changes in the placenta [22]. In GCD, several
factors accelerate platelet aggregation and micro-
vascular thrombosis in the placenta. Platelets are
activated by proinflammatory cytokines that induce
their binding to placental cytotrophoblasts [18]. PCD
stimulates the production of placental IL-32 and pro-
inflammatory cytokines in gravid women trigger a
coagulation cascade. The endothelial dysfunction in
the maternal vasculature leads to thrombin genera-
tion, platelet activation and consumption. The syn-
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cytiotrophoblast layer damage within the placental
intervillous space can activate maternal platelets and
induce the formation of the fibrin-type fibrinoid [22]
that has been found in the placenta of women with
GCD [23]. On the other hand, decreased urokinase-
type plasminogen activator and increased plasmino-
gen activator inhibitor-1 will suppress the removal
of fibrin depositions by fibrinolysis [24]. The his-
topathology of abnormal uterine perfusion during
pregnancy in GCD, GDM and PE shows numerous
pathological changes. In the literature, we found ac-
celerated villous maturation, increased perivillous,
intervillous fibrin deposition, decidual vasculopathy,
villous infarction and intervillous thrombosis.

Opinion

The leading cause of changes in the placenta
is inflammation that is characterized by immuno-
globulins, C-reactive protein, interleukins and cy-
tokines TNF-a and IFN-y, as well as decidual cy-
tokine IL-32. Inflammation induces tissue damage
that can be measured by lactate dehydrogenase and
oxidative stress that can be monitored by eNOS and
MPO. Factors that accelerate platelet aggregation
and microvascular thrombosis in the placenta during
GCD, PE and GDM should be explored. Analysis of
platelet count, the release of adenosine diphosphate
during collagen- or thrombin-induced platelet ag-
gregation and platelet-derived cytokines in pregnant
women could predict thrombotic complications and
placental disorders. The pro-angiogenic effects on
the fetoplacental circulation supports trophoblast
growth, and thus placental angiogenesis shall be
monitored by measuring serum VEGF, Annexin A2,
and PGF. Also, it is required to investigate umbili-
cal cord plasma sclerostin as a predictor of placental
and newborn weight. The evaluation of the vascu-
lar tree morphology and placental blood flow with
three-dimensional power Doppler will help to estab-
lish a protocol for monitoring pregnant women with
comorbidities such as pregnancy-induced hyperten-
sion, GDM and GCD. Histopathologic changes shall
be documented in the placenta using electron micro-
scope images, and/or formalin-fixed, paraffin-em-
bedded tissue sections stained with hematoxylin and
eosin, also using immunohistochemistry involving
antibodies for VEGF, sclerostin, PGF and Annexin
A2. The selected markers could be evaluated using
enzyme-linked immunosorbent assays to monitor
changes in blood serum, and monoclonal antibodies
could be used for immunohistochemistry.

The associations of placental changes in preg-
nant women with GCD, PE and GDM should be in-
vestigated during gestation to find a solid fundament
for the selection of biomarkers in these complex
pregnancy disorders.
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KopoHnaBipycHa iH(EKIis, TpeeKIaMIcCis Ta
recTamifHui MyKPOBUH miabeT Imij yac BariTHOCTI
CIIPUYIMHIOIOTH MOAIOHI 3MIHH y TUTATICHT] Ta BILIH-
BaIOTh HAa PO3BUTOK IIONA BiJ 3a4aTTsI IO TIOJIOTIB i
HapO/DKEHHS TUTHHU. BiANoOBiTHE KpOBOIOCTAaYaH-
HSI MaTKH Ta TUTAIIEHTH € HEOOX1THOI YMOBOIO ISt

HOPMaJIbHOTO PO3BUTKY IUIoAa. TpaHcriameHTap-
HUW OOMIH PEryJ€eThCs Ta MiATPUMYEThCS 4Yepes
(GyHKIIOHYBaHHS IUTalleHTapHOTO eHjpoTtenito. [lin
yac ()opMyBaHHsI TUIANIEHTH Tpodoodact qudepeH-
LIIOETHCS Yy 1Ba OKPEMUX IIapy: BHYTPIIHIA TUTO-
Tpodobiact Ta 30BHIMIHINA cHHTHIIOTpOdOoOIACT,
SIK1 € KJTFOUOBHMH €JIeMEHTaMU (PeTO-TIIalleHTapHO-
ro 6ap’epy y moaunu. [Ipo3anansHi HIUTOKIHU T10-
CHJIIOIOTH 1IIEMIYHI MPOSIBU Ta 3aIyCKalOTh KacKal
npolecy 3anajeHHs y mianeHti. Y pasi COVID-19
IiJT Yac BariTHOCTI y MJIAICHTI CIIOCTEPITaEThCS Jie-
CKBaMmallisl 1 MOIIKOKEeHHs Tpodobiacta Ta Xpo-
HIYHMU ricTionuTapHuil iHTEepBiAbO3UT. [lomiOHI
3MiHH TaKOX PO3BUBAIOTHCS MTPH FeCTAlIHHOMY [Ii-
abery Ta npeeknamicii. [1ix yac BaritHOCTI moTpi0-
HO MOHITOPHUTH TNOKa3HHKH CHCTEMHOI 3amayibHOi
BiJINOBi/ZIi OpraHi3My »iHKH, 3amajbHi IPOLECH Y
IJIAICHT] Ta MPOAYKIIIFO IUTOKIHIB TIAIICHTAPHUM
tpodobacrtom. [Iporecu aHrioreHesy y IUIaNeHTI
MO’KHA OL[IHUTH 32 BMICTOM Y CHPOBATIIi KPOBi Bac-
KYJISIPHOTO €HJIOTeJIalbHOro (pakTopa pocTy, aH-
HEKCHHY A2 Ta IJaleHTapHoro ¢pakTopa pocty abo
CKJIepOCTHHY. MapkepaMy YIIKOJKEHHSI TKaHWH
CIIYTYIOTh JIAKTATACTIIPOreHa3a Ta MieJIONepPOKCHU-
na3a. CTaH KpOBOTOKY MOXKHA OI[IHUTHU 3@ JIOTIOMO-
rol0 TPUBHMIpPHOI jpomnrieporpadii, a CTpyKTypHi
3MIHHU — 3a JOIIOMOI'0OI0 TICTONOTIYHHUX JOCTIIKEHD,
€JICKTPOHHOI MIKPOCKOIIil, a TaKOX IMYHOTICTOXi-
MIYHHUX JOCHIJKeHb 3 BUKOPUCTAHHSIM BacCKyJsIp-
HOTO €HAOTEeINialbHOTO (haKTopa POCTY, AHHEKCHHY
A2 Ta maneHTapHoro ¢akropa pocty ado cKie-
poctuny. [lopymenHns cynunanoi nepdysii MaTepi i
wiona (BiTiT Ta HaKOMUUYeHHs GiOpUHY) — 11e TH-
MOBUH MEeXaHI3M y MaToreHe3i recTaliitHiuX XBopoo.
VIUIKOIKEHHS [IJIAaLl€HTH BUBIIBHSAC aHTH-€HI0TEI-
aJbpHI (PaKTOPH, IO MPHU3BOAUTH JI0 MOPYLICHHS aH-
rioresesy Ta pO3BHUTKY TUIALEHTAPHO-BACKYJISIPHOT
Manbnepdysii npu 3axBOPIOBaHHSAX, IMOB’SI3aHUX 13
BariTHICTIO.

KnrmoduoBi cJIoBa: BariTHIiCTh, IUIAICHTAp-
HE 3aItalieHH s, BACKyJIApU3aIlis, TUCPYHKIIisI, TTaTO-
JIOTIS.
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