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Abstract:

We present a case of third trimester pregnancy toated by SARS-CoV-2 infection and subsequent cedifetal
movements, resulting in emergency Caesarean dglvidn demonstrable placental SARS-CoV-2 placestiti
We show through illustration of this case and &tare review that SARS-Co-V-2 placentitis is anammon but
readily recognisable complication of maternal SAR®¢-2 infection that may be a marker of potentiattical
transmission and that may have the capacity toectatal compromise through a direct injurious effatthe
placenta
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SARS-CoV-2 Placentitis: An uncommon complicatiomadternal COVID-19.

Introduction:

As global cases of the novel coronavirus SARS-Capgroach 85 million cases and 2 million deaths, ou
knowledge of this disease is increasing as is thetance that the far-reaching restrictions ancewaf
infection will be recurrent for the foreseeableufiet [1]

The majority of pregnant patients infected with SS\RoV-2 have had a mild iliness and their babie® ls#so
been well.[2,3] There have also however been regdrserious maternal iliness, maternal deathainérine
death and preterm birth,[2,3,4,5] but with no cleamrelation between illness severity and pregnaecuelae.
Overall, the cumulative incidence of COVID-19 iretbstimated Irish pregnant population was low &t dér
100,000 women.[6] Complete data on pregnant woreguiring hospitalisation in Ireland are not yetitalzde,
and subject to change given the recent resurgencases.

The UKOSS prospective cohort study offers bettsigimt into the outcomes among pregnant women in a
proximate island population, reporting an estimateitience of hospital admission of 4.9 pregnantnen per
1000 maternities (95% confidence interval 4.5 #).$2) Additionally, 10% (41/424) of women admittted
hospital with a SARS-CoV-2 infection required reafry support[2]. The maternal death rate wasdbw
1%[2]. The initial WHO report in China suggested8&a rate of serious illness and 1% critical illnes®.[7]
UKOSS recognised the disproportionate represemntatiovomen of black and other ethnicities (233/424.5
%) and overweight or obese women (281/427; 65% )ngntibose admitted.[2] This was confirmed in an
international systematic review [8]. Pregnancypanticular of over 20 weeks’ gestation,[4] increate risk of
admission to intensive care and invasive ventifaiiocomparison to non-pregnant controls.[8] Thesles are
further amplified in those countries where womemdbhave equitable access to healthcare and inéeoare,
demonstrated by the high level of maternal deattgrazil.[9] As many countries are still in thepgiof the
pandemic, further data are awaited to determinértleeeffect of this disease on maternal morbidity
mortality and authenticate the international varem

The majority of neonatal outcomes are reassurigigga@ congruent with the asymptomatic or mild disea
course seen in most mothers, with no increasedfateonatal death or stillbirth demonstrated tte4a]
Studies have demonstrated some correlation withS&Rv-2 infection and pregnancy loss.[10,11,12]
However, the consequences of severe COVID-19 iy peegnancy on fetal outcomes are unclear. Larger
cohort studies will be required to verify theseretations or any association with placenta assediat

pathologies such as intra-uterine growth restnictio pre-eclampsia. Vertical transmission appealset



uncommon, regardless of mode of delivery or feedmeghod, but is recognised.[3,13] Furthermore gher
guestion as to how this is best identified, assthength of IgM antibodies and IL-6 levels as conméition of
infection in the neonate has been contested.[14]

Placental pathological reports in mothers with SARS/-2 infection are emerging, most recently apgediby
Sharps et al,[15] but no consensus has transpéréal the placental features of this viral infection
Understanding placental pathology in COVID-19 inii@e is important to defining disease trajectorgd an
potential risks for the mother, potential complicas for the fetus in utero (through possible plaakinjury)
and the potential for vertical transmission. Thagkinform appropriate management and deliveryisiets
regarding SARS-CoV-2 infections in pregnancy.

We present a case of mild SARS-CoV-2 disease inrmam in the third trimester of pregnancy who depetb
an abnormal cardiotocograph necessitating deliv@nyreview and consideration of the available ditere, we

believe the subsequent placental histology findnegsesent SARS-CoV-2 placentitis.

M ethods
A pregnant woman with COVID-19 was evaluated inkOdniversity Maternity Hospital on 36May 2020.
Information was obtained from the patient’s medaaktronic records. Informed written consent wasimed

prior to submission.

Following delivery of the placenta the whole plaizewas placed directly in 10% buffered formalin figation
at room temperature. It was then transported t@d#tleology laboratory at Cork University Hospitad f
pathological examination. The placenta was fixad>ft2 hours, prior to sampling, to minimise theegutial
risk of infection. Because of the unusual grosseapgnce of the placenta extra sections were takemamd
above our standard sampling regime. Two full thessxmembrane rolls (including amnion, chorion and
decidua), 4 cord sections (at intervals along tirel ¢o include fetal and placenta ends) and 7 pargnal
sections were taken. Parenchymal sections weréhfakness from fetal to maternal surfaces and wsngeted
to provide representative samples that would Hea#fe of the gross appearances. Diagnostic sanvpbee
paraffin embedded. Staining methods performed pm 3hick sections were: Harris haematoxylin and reési
routine morphology evaluation and a Martius, Sc¢at®l Blue (MSB) to identify fibrin. Immunohistoaiéstry
was performed on @m thick sections using a Ventana BenchMark Ultrénai Ventana Optiview DAB IHC
Detection Kit with Ventana Bluing reagent as a deustain. Heat pre-treatment was performed usitig U

Cell Conditioning Solution (Ultra CC1) and Cell Ghtioning Solution (Ultra CC2)depending on the



monoclonal antibodies tested: CD 68 (BOND, RTU,1312), CD3 (Ventana, RTU,2GV6), CD20 (Ventana,
RTU, L26), CD138 (CellMarque, RTU B-A38), Sars-C@\(Covid-19) Spike Antibody (GeneTex, 1A9,
1:200). Negative controls for SARS-CoV-2 immunobéstemistry were four recent routine placental
specimens. A fifth normal third trimester placeptavided control images for Figure 2. Images waken
using a Leica DM3000 microscope with a Leica DFCd8Bera and personal computer running Leica

Application Suite 4.1 software.

Results

A 26-year-old woman of Polish nationality bookedim hospital at 12 weeks’ gestation in her second
pregnancy. She had a previous miscarriage at 6svgektation. Her Body Mass Index (BMI) was 24, and
apart from stable hypothyroidism, had no significaedical or surgical history. Her pregnancy cowss

uncomplicated, and she attended midwifery-led attdmlinics.

At 36 weeks’ gestation, she screened positive ARS-CoV-2, following an outbreak at her husband’s
workplace. She presented to our hospital five ddigs the confirmed positive test result feelingveit and
with reduced fetal movements. On assessment, poeted a fever of 38.7°C recorded at home, rigidmg,
cough, generalised abdominal pain and headachesr@iions demonstrated a tachycardia of 120bpm,
respiratory rate 24pm, blood pressure 111/69 a@PIg 100% on room air. Her temperature 50 minafeer
arrival was 38.4°C (tympanic). Blood gas and whi# count were normal. C-reactive protein wasrg@al
and liver function tests also normal. Fetal assessmas reassuring with a normal cardiotocograph};
biophysical profile and liquor volume. A chest naas normal. She was assessed in the adjoiningrglen

medical hospital and determined to be suitablelfetharge home by the Respiratory Consultant.

The patient represented five days later with reddetal movements for several hours. She was fgelin
physically well and vital signs were normal. Shesvaasessed by the Consultant on-call and the CEG wa
within normal limits. Departmental ultrasound weaported as normal, demonstrating a normally grt®tuns,

an amniotic fluid index of 15 and normal fetal mments.

However, the mother still reported reduced movemant subsequent CTG showed a wandering baselihe wi
reduced variability and few accelerations. She adhsitted to an isolation room in the hospital’s QDWard,
where electronic fetal monitoring system (FETAlirgtlowed for remote monitoring. The CTG began to

demonstrate a baseline of 120bpm with shallowdatlerations to 90bpm for over 120 secs with reduc



variability that was questionably sinusoidal. Owiegv of the clinical scenario, in conjunction wittduced fetal

movements and non-reassuring CTG, the decisiomveale for a caesarean section (category 2).

Surgery was carried out in a specially designatedtre with the appropriate personal protectivépegent.

The Caesarean was uncomplicated, and a baby girtlelavered weighing 2.8kgs. She underwent Delayed
Cord Clamping for 50 seconds. Her heart rate (H& 80bpm on examination at the resuscitaire. Stesved
positive pressure ventilation (PPV) x 1 min witlalosind nasal suction. At two minutes 50 secondi$epfHR

was over 100 and so FiO2 was weaned to 60% anddraayat three minutes 20 seconds. The APGAR score
were 4 and 8 at one and five minutes of life, reipely. The neonatal care plan was that the batwylav

remain with the mother in an isolation room ondlesignated COVID-19 ward to facilitate breast-fegdi
accommodated in an incubator instead of the standt#tr As per hospital protocol, the baby was matsbed

for SARS-CoV-2 and was for four-hourly observati@msthe ward. The placenta was sent for patholbgica

examination.

The maternal naso-pharyngeal swab for SARS-CoWaneed positive on day three of admission (day 14
since first positive swab). The mother’s recowens generally uneventful, except for the develogméa
wound haematoma, which subsequently required altttamsfusion. Clinically well, both mother and pab

went home on day eight.

Placental Pathology:

The placenta weighted 5179 at 37 weeks gestatimvéen the 50th and 75th percentiles) and had ginaér
cord insertion, 1cm from the disc edge. Fetal aatemal surfaces were unremarkable. The cut suHade
lace-like pattern of cream nodules and streaksingnthrough the parenchyma (fig. 1). This procesembled
perivillous fibrinoid deposition and involved 25%tbe placental parenchyma. On microscopic assegsme
these areas were composed of clumped villi witk tifSntervillous space (fig. 2a). There was a patc
inflammatory infiltrate in these regions that wasgominantly composed of CD68 positive macrophagts
much smaller numbers of CD3 positive T-lymphocyrd CD20-positive B-lymphocytes (fig 3). Plasmdscel
(CD138 positive) were inconspicuous. The inflammgatofiltrate appeared focused on the villous scefaand
was associated with conspicuous villous tropholrastosis. Necrotic trophoblast debris was preigeitie
intervillous space with relatively little depositi@f fibrin (fig. 1b). The inflammatory infiltratdid not appear to
invade the stroma of the involved villi and so ypasdominantly a histiocytic intervillositis.
Immunohistochemistry for SARS-CoV-2 showed extegsstrong positive staining in trophoblast of the

involved areas (fig 3c).



Discussion:
We present a case of third trimester pregnancy tioated by SARS-CoV-2 infection and subsequent cedu
fetal movements, resulting in emergency Caesarelivedy with demonstrable placental SARS-CoV-2

placentitis.

There have been a number of cases series andepastsrpublished describing the placental pathofogiings
from pregnant mothers with COVID-19. Chen et aladib®d three cases in which there were no specific
placental pathological features of infection; bhete placentas showed fibrin deposition and lotakiases in
syncytial knots.[16] One case showed a chorangiantbanother, a massive placental infarct.[16] They
reported no villitis or chorioamnionitis.[16] Xiore} al reported a single case with no evidencdaufgmtal
inflammation and negative placental immunohistodsémfor SARS-CoV2.[17] Hsu et al also reported a
single case with focal lymphohistiocytic inflamnaatiin keeping with chronic villitis, hypertrophic
arteriolopathy and islands of extravillous troplashl[18] Immunohistochemistry for SARS-CoV-2 was
reported as positive but only rarely in trophob[48§] in contrast to other reports of positive siag reviewed
below. Ferraiolo et al reported a single case witlevidence of inflammation but with a single iseiméc area,
delayed villous maturation, deposition of fibrindaintervillous haemorrhages.[19] Baergen and Heller
described the placental pathology in 20 cases ¢émmal COVID-19.[20] The most common lesions seen
related to fetal vascular malperfusion (9 casespses showed lesions of maternal vascular makerfj20] It
is assumed that the 5 cases reported by Mulvelyageancorporated in the larger report by Baegshldeller
from the same institution.[21,20] Cribiu et al refed placentas from 9 patients.[22] Maternal vaacul
malperfusion was seen in 2 cases; delayed villaasiration in 5 cases and perivillous fibrin depoait8
cases.[22] Smithgall et al described 51 casesepatrted that villous agglutination and subchorionic
intervillous thrombi were statistically more commionCOVID-19 cases.[23] Placental in-situ hybridisa and
immunohistochemistry for SARS-CoV-2 was negativalirtested cases.[23] Hecht et al reported no
characteristic histopathology in 19 cases, althdodtvo cases SARS-CoV-2 RNA was identified in
syncytiotrophoblast and cytotrophoblast.[24] Theag lone case of histiocytic intervillositis but thias not one
of their cases with documented virus in the plaz¢P4] In 16 cases reported by Shanes et al, sesesmore
likely than controls to show lesions of maternaawar malperfusion, particularly abnormal or igjdirmaternal

vessels.[25] Chorangiosis was also increased.[2b}dand chronic inflammation was not more comnaij.|



Richtmann et al reported 5 cases of maternal COMDall associated with fetal deaths.[11] Acute
chorioamnionitis was present in all 5 cases.[11dyT&lso reported increased intervillous fibrin ing&es
associated with mixed intervillitis and villitis thi intense neutrophil and lymphocyte infiltratioh[1We note
that in one of their figures, (Fig. 2B), a companeina histiocytic intervillositis appears to beepent.[11] The
case report of Baud et al also describes a pregriass in a mother with COVID-19.[10] Placental ipalbgy
in this case describes a mixed inflammatory irstirin the subchorionic space, intervillous fild@position
and funisitis.[10]A case report by Kuhrt et al ditsed a case of placental abruption in MCDA twinsnihich

the placenta showed accelerated villous maturd®6h.

From the above reports, no consistent charactepathological findings emerge although some aatioci
with lesions of maternal and fetal vascular malpgicn were present. It is notable that in thesdistuthere
was no definitive demonstration of virus within fhlacentas, except for two of the 19 cases repduyedecht
et al.[24] Given this fact, any associations wittthwlogies not readily attributable to SARS-CoVezd to be
interpreted with caution and are at most is indirbtany of the placental pathologies described alare not
uncommon in routine placental diagnostic practpre{COVID-19). Further studies are required to extd any
potential associations identified in these publiskeries, ideally with blinding to COVID-19 stateseliminate

potential bias.

However, the following reports appear to identifsnare specific lesion of direct placental involvernim
COVID-19 infection. In the case series of Patara@ etvo of the 22 neonates born from COVID-19 neosh
had positive nasopharyngeal swabs for SARS-CoV2Bdth of the placentas in these cases showedoaich
histiocytic intervillositis which was associatedtivinacrophages in the intervillous and villous spg7]
Notably in both cases viral spike antigens were alsntified in villous syncytiotrophoblast by iitts
hybridisation.[27] Placental examinations in theagning 20 cases showed no specific alterationg4B@ng et
al reported 74 placentas and performed in-situitligation for SARS-CoV-2 on 53 cases.[28] No
histopathological features specific to COVID-19 weeported to have been identified but two cases we
positive for SARS-CoV-2 by in-situ hybridisationgPIn one of these two cases the positivity byitn-s
hybridisation was described in syncytiotrophoblagtere it was associated with infarcts with incezhs
maternal macrophages and thrombosis.[28] The nednalis case had a positive nasopharyngeal serab f

SARS-CoV-2.[28] In our opinion however, their figuof such an infarct (Fig 3) shows a histiocytic



intervillositis with associated syncytiotrophoblagury and villous clumping,[28] akin to the fintjs
described by Patané et al. Their second positise bhad staining only in decidual glands with a tigga
neonatal swab.[28] Other case reports also desarfigtiocytic intervillositis in maternal COVID-1¥ivanti
et al describe transplacental transmission of SARS-2.[13] The placenta in this case showed diffuse
perivillous fibrin deposition with infarction andtate and chronic intervillositis; there was podgitivn villous
trophoblast for SARS-CoV-2 N-protein by immunoh@temistry[13]. Hosier et al report a patient with
COVID-19 and severe pre-eclampsia and abruptiopssiiating pregnancy termination in the maternal
interest.[29] This placenta had a marginal haemataith focal placental infarct in keeping with tbieical
impression of abruption.[29] It also showed diffysivillous fibrin deposition and an inflammatanfiltrate
composed of macrophages and T-lymphocytes.[29] Inmhistochemistry for the SARS-CoV-2 spike protein
was positive.[29] They also identified viral paktis by electron microscopy[29] but such identificatof virus
by this method has been controversial.[30] Kirtsragal reported a case of probable congenital SERS-2
infection.[31] In this placenta there was extensnfétration by inflammatory cells and extensivarky
infarction.[31] The inflammatory infiltrate consést of a histiocytic intervillositis with lesser nbers of T and
B lymphocytes and neutrophils.[31] The histiocytese noted to cluster around villi.[31] Schoenmaketral
identified a histiocytic intervillositis and syndgtrophoblast injury in a placenta from the thiroinester with a
presentation of reduced fetal movements and wierdelivered neonate developed multi-organ failure
associated with negative neonatal SARS-CoV-2 tg$88] Bertero et al showed one of five placentasif
COVID-19 affected mothers had a histiocytic int8ogitis.[33] Sisman et al reported a case witlpa$sible
vertical transmission with placental features eheonic histiocytic intervillositis associated withlous
karyorrhexis and necrosis.[34] SARS-CoV-2 was idiet in syncytiotrophoblast by immunohistochemystr
and its presence was also reported on electrorostopy.[34] Finally, Pulinx et al reported the deat
dichorionic diamniotic twins at 24 weeks gestatiplaicental examination showed extensive perivillfiusn
deposition, a chronic intervillositis and ischaeméxrosis of villi.[35] The virus was identified in
syncytiotrophoblast by immunohistochemistry.[35ETduthors proposed that their findings raised the

possibility of vertical transmission and miscargatye to the infection.[35]

Although histiocytic intervillositis is not spedifto COVID-19 infection, the virus was directly denstrated
within the syncytiotrophoblast in 8 of the 10 abogported chronic intervillositis cases by eithesitu

hybridisation or immunohistochemistry.[23,27,2824,It was similarly identified by immunohistochestrly in



our case. This strongly supports the likelihocat the inflammation was directly related to thealinfection
and represents a SARS-CoV-2 placentitis.

Diagnostically the main differential diagnosis tbe gross placental appearance is massive peusifibrinoid
deposition. The microscopic appearance of histioggtervillositis excludes this diagnosis howewad, in our
case, the apparent gross deposition of fibrinoid agiually caused by extensive clumping and adbereh

villi caused by the inflammatory process. An MSBistdid not show significant fibrin-deposition (Fith) and
matrix-type fibrinoid deposition, with embeddedrexillous trophoblast, was not a feature. The main
microscopic differential diagnosis is chronic hostjtic intervillositis, which is thought to repregean abnormal
maternal immune response to paternal fetal antigetiee placenta. We agree with Kirtsman et ahit the
inflammatory process in SARS-CoV-2 placentitis seg¢mbe subtly different with more “targeting” diet
villous trophoblast by the histiocytic infiltratehile still sparing the villous stroma.[31] Both Kéman et al and
Pulinx et al suggested that the trophoblast wasvsty infarction/ischaemic necrosis[&B]; we would have a
different interpretation and would suggest thatttbphoblast necrosis was not ischaemic necrasiar(ition)
and rather was necrosis either directly relatedrtd injury or the consequent inflammatory hostpense.
There thus appears to be a form of placental disted is specifically related to direct SARS-CoVxfection
of placental villous trophoblast that representisia SARS-CoV-2 placentitis. In the age of a COMID-
pandemic, the placental appearance of a histioayevillositis now has an additional importanffeiential
diagnosis that, for the pathologist, needs conata®er and further diagnostic work-up. Interestingty7 of the
11 examples of SARS-CoV-2 placentitis now reportbd,authors suggested there was potential vertical
transmission.[27,28,13,31,34] This may be relateglscertainment bias, but it is a fact worthy oftfar
investigation as SARS-CoV-2 placentitis may turhtoube a potential marker for risk of verticalrtsaission.
Evaluation of potential vertical transmission igilied in our case as the neonate was clinically ared was
therefore not tested (in line with hospital protiscat the time). In the reports of 235 placentatuihed in this
review, only 11 cases (4.7%) appear to show thisgbagy.[27,28,13,29,31,32,34,35,33] This wouldrbe
keeping with the apparent low rates of fetal coogilons and vertical transmission reported to dasewell as
the potential for being a marker of vertical traission, the amount of placental injury caused lyittfiection
has the potential to be significant on its ownoum reported case, 25% of the parenchyma was dideas]
likely unavailable for oxygen and nutrient trangp&uch extensive disease may on its own contritaugerisk
of fetal hypoxia-ischaemia in utero or around iheetof birth. In our case there was reduced fetalements

and a non-reassuring CTG prior to delivery andctme of Schoenmakers et al also presented witlceddatal



movements[32]. Itis also possible that the misage of twins reported by Pulinx et al was dirgcdlated to

the placental effects of the infection[35].

Conclusion:

SARS-CoV-2 placentitis therefore appears to bersmoonmon but distinctive complication of maternal
COVID-19 infection and appears to have the potétdiaause significant placental injury, potengiaksulting
in fetal compromise. Additional work is requiredftother investigate any previously reported assiomns but
less specific placental pathologies, such as feistular malperfusion and maternal vascular malganf. This
will better the understanding of the significanéenaternal infection with SARS-CoV-2 in preghanayahe

possible risks to the fetus.
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Figure 1

Figure 1, Gross appearance:

a) The gross appearance of the cut surface ofitioeqta shows pale nodules and streaks (white hezads)
resembling massive perivillous fibrinoid depositieith involvement of a significant volume of pla¢eh
parenchyma.

b) Although the gross appearance suggests fibpogigon, an MSB stain (200x) shows only focal ifibr
deposition (orange/red), at the arrowhead tip, imtwvould have been the pale areas grossly.



Figure 2, H/E appearances:

a) On low power (50x) there is conspicuous clumging adherence of villi with obliteration of thaanvillous
space in involved areas (arrowhead). This contraisksthe non-clumped areas (arrow).

b) There is a conspicuous intervillositis, withlamhmatory cells in the intervillous space (arrowthez00x).

¢) In the clumped areas the intervillous spacéléifwith eosinophilic material and cellular debds a result of
trophoblast necrosis (200x).

d) A higher power view (400x) shows sparing of Hillous stroma (arrowhead) but obvious trophoblast
necrosis and debris accumulation in the intervélspace.

e) A normal term placenta at 200x, for comparis@h wanel 2c, shows preservation of the intervilepace
and separated villi.

f) A normal term placenta at 400x, for comparisdthyanel 2d, shows normal villi with intact trogstast and
a clean intervillous space.
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Figure 3

Figure 3, Immunohistochemistry:

a) A CD68 stain confirms that most cells involvadhie intervillositis are histiocytes.
b) Only occasional CD3 positive T-lymphocytes (Bhjl CD20 positive B-lymphocytes (b2) are present.

¢) There is strong positive staining for SARS-Co¥Wft2nvolved areas of the placenta. This staingganfined
to villous trophoblast.

d) Shows negative staining in a control placenta.



Highlights

*  We present a pregnancy complicated by SARS-CoV-2 infection and resultant placentitis.
e 25% of the parenchyma comprised a deposition similar to perivillous fibrinoid.

» Under microscopy, these areas were predominantly a histiocytic intervillositis.

*  Immunohistochemistry for SARS-CoV -2 showed extensive, strong positive staining.

»  Reported COVID-19 chronic intervillositis cases depict virusin syncytiotrophoblast
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