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42  Condensation: The risk of first trimester spontaneous abortiondsimpacted by SARS-CoV-2 infection

43

44  Short title: COVID-19 and early pregnancy loss

45

46  AJOG at aGlance

47 A. Why was the study conducted? Limited research exists on the outcomes of pregmn@men with COVID-
48 19, mostly related to women in the second or thed thrimester. Evidence about maternal and obstetri
49 outcomes of women with SARS-COV-2 during the firghester or about the risk of early pregnancy lass
50 lacking.

51 B. What are the key findings? We report the largest series of patients with CDXIP in the first trimester of
52 pregnancy to date. The study findings showed naifgignt difference in the cumulative incidenceG®VID-

53 19 in women who experienced spontaneous abortistO®) compared to those with ongoing pregnancies
54 (n=125).

55 C. What does this study add to what is already known? These findings may reassure women residing in
56 COVID-19 epidemic areas who are planning pregnaacyg may provide obstetricians with a guide for
57 preconceptional counseling.
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ABSTRACT

Background

The disease caused by the “severe acute respirsgadrome coronavirus 2” (SARS-CoV-2) was namedo@avirus

Disease 19 (COVID-19) and classified as a globddlipthealth emergency. The evidence related toirtiyact of

COVID-19 on pregnancy are limited to the second tledthird trimester of pregnancy, while data om fihst trimester
are scant. Many viral infections can be harmfuthi fetus during the first trimester of pregnaray whether SARS-

CoV-2 is one of them is still unknown.

Objective(s)
With this study we evaluated SARS-CoV-2 infectio a risk factor for early pregnancy loss in finstnester of

pregnancy. Furthermore, COVID-19 course in the fiimester was assessed.

Study design

Between February 22 and May 21, 2020, we conduatealse-control study at S. Anna Hospital, Turinpagnfirst
trimester pregnant women, paired for last mendtnatThe cumulative incidence of COVID-19 was conagh
between women with spontaneous abortion (case gmoep00) and those with ongoing pregnancy (congrolup,
n=125). Current or past infection was determinedibtection of SARS-CoV-2 from nasopharingeal swadb 8ARS-
CoV-2 IgG/IgM antibodies in blood sample. Patiestribgraphics, COVID-19-related symptoms, and thenmiak

factors for abortion were collected.

Results

Twenty-three of the 225 women (23/225, 10.2%) tegtesitive for COVID-19 infection. There was nofdience in
the cumulative incidence of COVID-19 between theesa(11/100, 11%) and the controls (12/125, 9.684D.(3).
Logistic regression analysis confirmed that COVI®wias not an independent predictor of early pregydwss (Odd
Ratio 1.28, confidence interval 0.53-3.08). COVID-felated symptoms in the first trimester were fewmosmia,
ageusia, cough, arthralgia and diarrhea; no pneianmwrHospital admission due to COVID-19-relatechpyoms were

recorded. No difference in the incidence of symptavas noted between the two groups.

Conclusion(s)

SARS-CoV-2 infection during the first trimesterpregnancy does not appear to predispose to eagynpncy loss; its
cumulative incidence did not differ between womeithvepontaneous abortion and women with ongoingaacy.
COVID-19 appears to have a favorable maternal eoatghe beginning of pregnancy, consistent witlatwias been

observed during the second and the third trimester.

Key Words
abortion; coronavirus; COVID-19; fetus; first trister; miscarriage; pregnancy; pregnancy loss; prebérth; SARS-

CoV-2; seroprevalence; severe acute respiratorgreyne; vertical transmission
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125 Introduction

126 The World Health Organization (WHO) named the nemonavirus (SARS-CoV-2) disease coronavirus disd8se
127 (COVID-19) and declared it a pandemic. Coronavisuaee enveloped, non-segmented positive-sense RiuAlly
128  responsible for mild illness such as the commod @oladults and childrehBut in the last decade, coronaviruses have
129 caused two important epidemics: the severe acwgpiratory syndrome (SARS) and the Middle East respiy
130 syndrome (MERS). COVID-19 was first reported in Veah(China) in December 2019 followed by outbreak®ss
131 the world? The first cases of COVID-19 in Italy were confirthim January 2020, with a rapid rise in the numifer
132 cases in northern Italy starting in late February.

133 Despite the rapidly growing number of cases wortthyidata on COVID-19 during pregnancy remain lichiteeing
134  derived mainly from small sample studfe$A systematic review of published reports on couimses (COVID-19,
135 SARS, MERS) reported higher rates of preterm bptleeclampsia, cesarean section, and perinatai.deBie lack of
136 data on spontaneous abortion due to COVID-19 dutiedirst trimester precludes extrapolation ofdasive evidence
137 for the effects of infection during early pregnante paucity of reliable data has aroused concepatients, while
138 the disinformation reported by media may lead paegnvomen to embrace dramatic choices such as taojun
139 abortion™®

140 The wide of clinical expression, the high rate gfraptomatic forms, the poor accuracy of nasophaghswab testing
141 and its limited availability have been the mainrlsas to gaining a real understanding of the preved of the infection
142 and its impact on pregnancy. In this complex sdenéne development of serological tests for theed@on of SARS-
143  CoV-2 IgG and IgM could be useful to identify pregm patients who were infected during early preggaWhile the
144  quantity and quality of data on test performance atill limited, the level of accuracy has been orégdly
145 moderate/good, so that patients infected by SARS-Zean be tracetf.

146  The aim of the present study was to evaluate tipaatof COVID-19 on first trimester pregnancy lgscomparing
147  the cumulative incidence of SARS-CoV-2 infectionaitohort of women who experienced early spontasabortion
148 and that of women with ongoing pregnancy at 12 weskgestational age. Furthermore, COVID-19 coimsée first
149 trimester was evaluated.

150

151 Materialsand methods

152 women who had been referred to our Hospital fogpacy loss care during the first 13 weeks of paegy, between
153 February 22 and May 21, 2020 were contacted armlledr(case group). All women who had access toemgrgency
154  room or to the pregnancy loss management service eantacted after being traced through our ho&pitatabase.
155 Women 12 weeks pregnant admitted to our Hospitafdiml nuchal translucency between April 16 andyMa, 2020
156  were the control group.

157 Al pregnant women in Turin, Piedmont, are offefege of charge a comprehensive first trimester dskessment,
158 performed at gestational age 11-13 weeks as pathefpublic antenatal and obstetric health careic®r The
159 attendance rate is high. The risk assessment iesladdouble test (blood sample for pregnancy-assaciplasma
160 protein A [PAPP-A] and free beta human chorioniaagotropin g-hCG]) and an ultrasound nuchal translucency (NT)
161 measurement (combined screening test) or NT measumtetogether with PAPP-A dosage and a furtherdkample
162 for o-fetoprotein, free estriol, arfthCG at 15-18 weeks gestational age (integratezksang test).

163  The first reported case of COVID-19 infection ire@nont was dated February 22, 2020. To excludedbsibility of

164 COVID-19 seroconversion before pregnancy, only wométh last menstruation before that date were icemsd
4
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eligible for inclusion (Figure 1). This criterioi@ved us to define seropositivity in the case grais a seroconversion
that had occurred during pregnancy.

Blood tests were performed for the detection of/Igd non neutralizing antibodies against SARS-Co¥ifl reverse
transcriptase-polymerase chain reaction (RT-PCBgy&son nasopharingeal swabs. Patients testintiveosi least one
test were also tested for the determination of iipageutralizing antibodies. Blood samples weratdéuged at 3000
rpm for 5 min to separate serum and analyzed time skay of collection.

A rapid automated fluorescent lateral flow CE-amebimmunoassay (AFIAS™ COVID-19, Boditech, Gangavem,
Korea) was used for qualitative and semi-quantiéatietection of 1IgG/IgM non neutralizing antibodiggainst the
spike (S) and nucleocapsid (N) viral proteins; sqmantitative results are expressed as the cuirdffx (COI) in
which a COI > 1.1 indicates a positive result. Cheminescence CE-approved immunoassay (CLIA) teldgywas
used for the semi-quantitative determination of-&itand anti-S2 specific IgG neutralizing antitesio SARS-CoV-2
(Liaison® SARS-CoV-2 S1/S2 IgG, Diasorin, Salugdialy): the antibody concentration is expressedcadstrary
units (AU/mL) and grades the results as positiveenvh 15 AU/mL. Viral RNA extraction from the swab was
performed on a MagNA Pure compact instrument (Robtennheim, Germany) and analyzed using a RT-PGRyas
(CFX-96, Bio-Rad, Milan, Italy) with the LiferiveNovel Coronavirus 2019-nCov real-time RT-PCR kibtpcol,
targeting genes N, E, and ORF1ab (Liferiver BioT,e8an Diego, CA, USA).

Sample size calculation was not possible becausestbected prevalence of disease was unknown atintiee of
population enroliment and further recruitment bey/dday 21 would have precluded the eligibility criten for last
menstruation.

Demographics, COVID-19-related symptoms, and dat@xposure to possible risk factors for spontanedgstion
were collected by interview. The study was approbgdhe Institutional Review Board of the City okélth and
Science of Turin (Reference number: 00171/2020}ttevy; informed consent was obtained from all p#ytints. The
results for quantitative variables are expressedhasmean + standard deviation (SD) and qualitatis&egorical
variables are expressed as frequency and percent@gmparison of quantitative variables was peréatmsing the t-
test or Wilcoxon-Mann—Whitney test based on norerainot distribution, respectively. Qualitative \abrles were
compared using the chi-square test or Fisher'stagat; as appropriate. When basic patient chaisiits were present
as confounding factors, regression analysis wa®eed to assess the relationship between COVIIxEZtion and
spontaneous abortion. Results are expressed asratiolg95% confidence interval [CI]). Statisticahalyses were
performed using SAS software ver. 9.4 for Windo®A$ Institute, Carey, NC, USA).

Results

A total of 225 women at first trimester of pregngnattending our Institute were included in thedstuOne hundred
women in the case group and 125 women in the dogtomp were enrolled. The patient attendance vas 87%
(100/115) and 88% (125/142), respectively. Tabledbrts the patients’ characteristics at baseéreept for age, there
were no statistically significant differences imugraphics or risk factors for abortion betweenttie groups.
Twenty-three of the 225 women tested for anti-SARS/-2 1gG and IgM antibodies were found to be sesiipve or
their nasopharyngeal swab tested positive for CO¥®Dyielding an overall cumulative incidence of2% in the first
trimester. There was no significant difference lie tumulative incidence of COVID-19 between theecpatients
(12/100, 11%) and the controls (12/125, 9.6%) (p3).
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The age variable was entered into logistic regoessanalysis to evaluate COVID-19 infection in rigat to
confounders. There was no difference in the oddahg infected with SARS-CoV-2 between the two gsu
indicating that COVID-19 infection was not an inéagent predictor of early pregnancy loss (1.282).68-3.08).
Subgroup analysis of baseline characteristics o¥/IDEL9-positive and -negative patients with earhggnancy loss
(case group) showed no statistically significarffedences in demographics or risk factors for sppabus abortion
between the two groups, except for body mass iGB@b&HN) (26.415.2 vs 23.2+4.2; p=0.03).

In the case group, 5/11 (45.4%), 3/11 (27.2%), HAd (9%) were positive for SARS-CoV-2 1gG, SARS\ED IgM,
or both SARS-CoV-2 IgG and IgM, respectively; RTHRGf the nasopharingeal swab resulted positive/id 218%)
(Table 2). In the control group, 7/12 (58.3%), 3({2%5%), and 2/12 (16.6%) were positive for SARS-€VWG,
SARS-CoV-2 IgM, or both SARS-CoV-2 IgG and IgM, pestively; RT-PCR of the nasopharingeal swab redult
positive in 5/12 (41.7%) (Table 3). No differencepositivity for IgG neutralizing antibodies wasufal between the
case (6/11, 54.5%) and the control group (5/127%]).(p=0.53) (Table 1). There was no statisticalignificant
difference between the two groups for average adtittiter, both non neutralizing (21.3 vs. 18.3 C®+0.42) and
neutralizing antibodies (39.9 vs 46.9 AU/ml; p=0.69

Twelve of the COVID-19 patients reported previoysiptoms (12/23, 52.2%) including fever (7/12, 58)3#&mosmia
and ageusia (5/12, 41.7%), cough (5/12, 41.7%raldia (4/12, 33.3%), and diarrhea (1/12, 8.3%)pneumonia or
Hospital admission due to COVID-19-related symptavas recorded. No difference in the incidence ofijgypms was
noted between the case (4/11, 36.4%) and the dgmntop (8/12, 66.6%) (p=0.14).

Comment

Principal Findings

With this case-control study, we evaluated the ichpd COVID-19 on early pregnancy loss in a cotafrpregnant
women with SARS-CoV-2 infection confirmed by antilyotesting or RT-PCR assay of nasopharyngeal swies.
results show that the risk of first trimester spo®ous abortion is not impacted by SARS-CoV-2 tidec also after
being adjusted for age. No severe cases or Hogltalssion due to COVID-19-related symptoms wasended, both
in women who had ongoing pregnancies and in thatdeearly pregnancy loss. To the best of our knagés this may
be the largest cohort of Coronaviruses infectiorinduearly pregnancy published so far.

Resultsin context

Despite the large and rapidly growing number ofesasorldwide, there is limited data on COVID-19pregnancy,
mainly coming from case series and small sampldiesy related to the second and third trimesteprefjnancy.
Concern is mounting about the impact of COVID-19poegnancy, possible vertical transmission: and unfavorable
obstetric outcomes in particular. Reproductive miedi societies advised delaying the start of assiseproductive
treatment® and guidelines on the prevention and control o@»19 among pregnant women have been iss(éd.
Currently, data on the impact of Coronaviruseshanfirst trimester of pregnancy are limited. Folithe seven patients
who presented with SARS-CoV-1 infection during tHaist trimester had a spontaneous abortion, yikbe result of
the hypoxia caused by SARS-CoV-1-related acutenaspy distres$’ Furthermore, one case of a woman with MERS
during the first trimester has been reported. She asymptomatic and went on to have a term delflekg for SARS-
CoV-2, a single pregnancy loss during the secoindester of pregnancy in a woman with COVID-19 wasbably
related to placental infectidA.Another study reported the first visualizationddgctron microscopy of the SARS-CoV-
2 invading syncytiotrophoblasts in the placentdl. ¢ This evidence could suggest a potential impa@ARS-CoV-2

on spontaneous abortion.
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Clinical Implications

Our study findings may reduce concerns in patieiotsng the first trimester of pregnancy. In the genet cohort of
women who experienced a spontaneous abortion dthidjrst trimester the serological prevalenceantibodies was
similar to that in the women with ongoing pregnasciFurthermore, although viral infection at thiage could
potentially affect embryogenesis and organ devetanthere is still no evidence for the intrautertransmission of
SARS-CoV-2. Our findings may reassure women whopéagening a pregnancy in epidemic areas and magsept a
guide for obstetricians during pre-conceptionalrsaling.

The course of COVID-19 varies widely: patients maynain asymptomatic or develop mild to severe spmgt
leading to pneumonia, respiratory failure, and k&atn this cohort, however, few patients were sympticnand not
more numerous in the case group. Severe diseas@evas observed. The lower incidence of severe festations
during the first trimester could be explained bg thinimal alteration in respiratory dynamics duritgs phase of
pregnancy. Despite these reassuring data, pregsimcivomen with COVID-19 can still have an unfalie obstetric
outcome: inflammatory involvement of the placéhzan be associated with preterm deliv&r{bstetricians should
discuss that although the first trimester seemdmekpose the fetus to severe risks, pregnancystilhipe complicated
in the following weeks of gestation.

Resear ch Implications

Serologic tests, in conjunction with SARS-CoV-2 RTR assay, may offer a more feasible opportunitidémtify
both active and past infections and to evaluateg¢hespread of SARS-CoV-2, to the point that sgmeernments have
suggested their use in large-scale population imgck Determination of seroconversion in pregnant worneald
answer some concerns about unfavorable pregnaricgroas, which are not otherwise resolvable. Themegiigible
prevalence of infection in asymptomatic pregnantmen reported in our cohort and elsewfétenakes universal
screening of all pregnant patients appear desiréloleg-term follow-up of ongoing pregnancies wiispond to other
doubts about the impact of COVID-19 in pregnantgrds.

Strengthsand Limitations

One of the strengths of the present study is thellement of women with serologically confirmed CA¥19 by means
of two different serological assays; the combinesllts of RT-PCR on nasopharyngeal swab sampkasoiher major
strength of the study. The high attendance rataostudy protocol limited confounding factors swshpopulation
selection bias. Antibodies to COVID-19 were detdcite about one out of ten pregnant patients indbieort; this
finding should be carefully interpreted, howeves, iacannot be generalized because derived fronmglescenter
located in a region with a high incidence of COVIB-

While the number of COVID-19-positive patients hetcase group is low, except for BMI, the groupsdoet differ in
baseline characteristics from the COVID-19-negapatients with early pregnancy loss. This suggt®s the study
conclusions may be extended to larger samples.vi@ight among COVID-19 patients has been reportedthirer
series of non-pregnant patients and is being isangly described as an underappreciated risk fdotcEOVID-197°A
major limitation of the study is that we were uralbb accurately backdate the time of infection iamen with
spontaneous abortion. In the absence of an IgGtavest, we evaluated the time elapsed betweelblogtion and the
blood test for antibody detection. The profile otibodies against SARS-CoV-2 in this cohort was parable with
previous findings. Seroconversion of IgG or IgMhiit 20 days after symptom onset has recently beeorred® The
median day of seroconversion for both IgG and Ighs W3 days with a synchronous or a discordantmpatie light of
this evidence, seroconversion during pregnancydctel excluded (or be controversial) only in onegudt(no. 4,

Figure 2) in the case group. The detection of IgMilkepdies at 66 days after abortion does not pdeclthat
7
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seroconversion might have occurred after the ldggegnancy. In view of future research addressimgissue on the
relationship between COVID-19 and spontaneous amrit will be difficult for researchers to preelg define the
timing of infection and the effective seroconvensauring pregnancy. Inclusion criteria, togethettwthe beginning of
the study at pandemic outbreak, allowed us toyfaiviercome this issue.

Another limitation is that patients with very eaggegnancy loss may not have been enrolled in toalydecause they
did not require obstetric care, which is perfornbedore the patient has her first obstetric visie Bélieve, however,
that there is no reason to think that within thiza#i patient group the cumulative incidence of COMI9 would have
been so high as to question our results. It idadiif to hypothesize that "pre-clinical" abortioosuld be caused by
SARS-CoV-2 in a stage when pregnancy loss is muate rtikely to occur due to chromosomal defectshim émbryo
rather than because of virus-induced detrimerffet®s at the maternal- fetal interfat’e>® Recent evidence shows that
SARS-COV-2 binds to angiotensin-converting enzymME&E) 2 receptors and the cellular transmembranameser
protease (TMPRSS) 2 to facilitate the fusion ofivaind cellular target membranes. Because co-esipresf ACE2
and TMPRSS?2 at such early stage of pregnancy isgitetg,>* we believe our groups are reasonably represeatatid
our analysis realistic.

Conclusions

In conclusion, our study provides reassuring figdifior women who intend to become pregnant durireg3ARS-
CoV-2 pandemic or who became infected during tliest trimester of pregnancy. COVID-19 appears tvé a
favorable maternal course at the beginning of paagp, consistent with what has been observed duhagthird
trimester when the clinical characteristics of COMI9-positive pregnant women were similar to thdsend in
women from the general populatifhMore importantly, no significant difference in tearly pregnancy loss rate was

observed.
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Table 1. Basdline characteristics, clinical findings, and COVID-19 cumulative incidence in case and control
groups

Clinical findings Case Control p-value
N=100 N=125
No. (%) or mean (xSD) No. (%) or mean (xSD)

Age 35.5 (+4.7) 33.7 (+4.7) 0.001
BMI prior to pregnancy, Kg/m2 25.5 (+43) 22.6 (+41) 011
Pregnancy 0 51 (51) 77 (61.6) 0.34

1 40 (40) 37 (296)

2 7(7) 9 (7.2)

3 1(1) 2 (16)

5 1(1) 0 (0)
Previous abortion 0 66 (66) 94 (752) 0.11

1 27 (27) 21 (168)

2 6 (6) 7 (5.6)

3 0(0) 3(2.4)

6 1(1) 0 (0)
ART therapy 7(7) 12(9.6) 0.48
Smoking history 22 (22) 16 (128) 0.06
Thyroid disease 10 (10) 11 (88) 0.75
Autoimmune diseases 8 (8) 4 (32) 0.11
Thrombophilia 5 (5) 54 0.75
Uncontrolled DM 0 0 >0.99
Uterine abnormalities 8 (8) 9(7.2) 0.82
COVID-19 disease 11 (11) 12 (9.6) 0.73

Ab, antibodies; ART, assisted reproductive techej@MI: body mass index; DM, diabetes mellitus
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426 Table2. Antibody levelsand SARS-Cov-2 detection in sera and nasopharyngeal swab samples from patients with
427  abortion

428
Patient
Diagnostic Positive
1 2 3 4 5 6 7 8 9 10 11
Test result
Anti-NP IgM Col>11 <11 211 <11 19 <11 <11 <11 <11 26 <l1 29
Anti-NP 1gG COoI>11 <11 189 <11 <11 194 <11 144 324 <11 217 <11
Anti-RBD IgG >15 AU/mI <15 195 <15 <15 29.9 493 17.3 41 <15 82.9 <15
NS pos Neg pos neg neg neg neg neg neg neg neg

429 NS, nasopharyngeal swab; NP, nucleoprotein; RB&p®r-binding domain

430
431
432
433 Table3. Antibody levelsand SARS-CoV-2 detection in sera and nasopharyngeal swab samples from pregnant
434 patients.
435
Patient
Diagnostic Positive
1 2 3 4 5 6 7 8 9 10 11 12
Test result
Anti-NP IgM COI>1.1 <11 <11 <11 21 1.6 12 1.2 <11 12 <11 <11 <11
Anti-NP 1gG col>11 193 193 156 <11 <11 21 <11 215 232 219 245 207

Ant-RBD IlgG ~ >15AUmI <15 <15 <15 <15 <15 527 <15 211 103 305 <15 275

NS neg pos neg neg neg pos neg pos neg pos neg pos

436 NS, nasopharyngeal swab; NP, nucleoprotein; RB&pt®r-binding domain
437
438

439
440
441
442
443
444
445
446
447
448
449
450
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Figure 1: Inclusion criteria and time of serological and molecular sampling in the case and the control group.

Blue line: time range for last menstruation inotusi dotted red line: first reported case of COVI®+ih Piedmont,

Italy; red line: time of sera and nasopharyngeatssample collection
0 1k 2k RIS

COVID-19 outbreak cases in Piedmont Region: weelle increase

Figure 2: Patients with first trimester pregnancy loss: time elapsed between spontaneous abortion care and

diagnostic testing and seromolecular profiles.

Black arrow: last menstruation; black vertical lifeospital care for early pregnancy loss; dotteacklline: first
reported case of COVID-19 in Piedmont; NS: nasophgeal swab; rectangular green box: time elapséddea the
spontaneous abortion and diagnostic testing; rgatan violet box: pregnancy; red line: serologieald/or molecular
sampling; x: reported COVID-19-related symptomsjays elapsed between the spontaneous abortioniagaodtic
testing

0 1k 2k RIS

COVID-19 outbreak cases in Piedmont Region: weeklise increase
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Patients Days* IgM IgG NS

11 11 pos

10 23 pos

9 24 pos

8 13 pos

7 41 pos

6 30 pos

5 46 pos

4 69 pos

3 58 pos
2 38 pos pos

62 pos
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