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ABSTRACT

Background
Universal testing for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) within birthing units is an 
effective strategy to contain infection and estimate community prevalence. Given the high-prevalence of 
COVID-19 cases in Ontario, we aimed to determine the prevalence of active and recovered SARS-CoV-2 
infection among pregnant individuals in Ottawa through universal SARS-CoV-2 and serology testing.

Methods
From October 19th to November 27th, 2020, pregnant individuals admitted to triage assessment units at The 
Ottawa Hospital (TOH) were consented for SARS-CoV-2 testing. Swab and serology samples were analyzed 
using digital droplet polymerase chain reaction (ddPCR) and enzyme-linked immunosorbent assays, 
respectively. SARS-CoV-2 seropositivity was defined as a positive result for immunoglobulin (Ig) G, either 
alone or in combination with IgM and/or IgA.

Results 
From the 395 enrolled participants, 284 swab and 353 serology samples were collected. We found that 18 of 395 
(4.6%) participants had evidence of SARS-CoV-2 exposure: 2/284 (0.70%) were positive for SARS-CoV-2 and 
16/353 (4.5%) were positive for anti-SARS-CoV-2 IgG. Seropositive participants were similar to seronegative 
participants in terms of demographics, clinical characteristics, and pregnancy outcomes.

Interpretation 
The prevalence of SARS-CoV-2 ddPCR positivity and seropositivity in the obstetrical population at TOH was 
0.70% and 4.5%, respectively in the fall of 2020. According to local public health data, the infection rate peaked 
at 0.6% during the study time period. Universal SARS-CoV-2 testing programs can approximate community 
prevalence, however, justification of this strategy may depend on testing capabilities and the local context of 
COVID-19 infection.
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INTRODUCTION

Since the emergence of the COVID-19 pandemic, concern for vulnerable populations has prompted widespread 
adoption of policies aimed at reducing the spread of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2).1 The heightened vulnerability of obstetrical patients to SARS-CoV-2 infection and related 
complications is concerning due to the potential short and long-term impacts on the developing fetus and the 
pregnant individual.2 Pregnant individuals represent a unique population as they require regular access to 
healthcare services and are admitted to the hospital independent of illness and choice.3 As large-scale universal 
SARS-CoV-2 testing poses many challenges, many hospitals implemented temporary testing of all obstetrical 
patients in attempts to minimize in-hospital transmission and extrapolate infection prevalence in the general 
population.4–8 

Early pandemic universal testing of obstetric patients (n=215) in New York City revealed a 13.5% prevalence of 
asymptomatic SARS-CoV-2 infection.9 Subsequent universal testing initiatives in Tokyo, Boston, Seattle and 
Los Angeles reported lower prevalence of asymptomatic SARS-CoV-2 prevalence among obstetric patients, 
ranging from 0% to 4.0%.4–6,8 Whether universal testing is a justifiable use of resources remains a subject of 
debate.5,10 Variability in the estimates across studies may be attributed to differences in population densities, 
socioeconomic make-up of local areas, laboratory testing technologies, timing and duration of testing programs 
and dynamics of community infection rates.5 Furthermore, the majority of these studies were conducted during 
the first COVID-19 pandemic wave and did not employ serological testing. Flannery et al. performed serological 
testing for 1,293 parturient individuals in Philadelphia between April and June 2020 and found that 6.2% were 
seropositive.11 As the number of recovered cases grows, serological data provide important complementary 
information to PCR data by providing insight into the prevalence of recovered cases within a population.12 

SARS-CoV-2 data from obstetrical settings in Canada are limited. One study from Montreal, Quebec (n=803) 
noted a 5% prevalence of SARS-CoV-2 infection among pregnant individuals during the first pandemic wave.13 
A subsequent study from Toronto, Ontario evaluated the utility of questionnaire-based PCR testing versus 
universal PCR testing for identifying pregnant individuals with SARS-CoV-2 infection and found no 
difference.14 Since the conclusion of the Toronto study on May 25th, 2020, the burden of SARS-CoV-2 infections 
in Ontario have risen from 25,904 cases (~178 cases per 100,000) to 65,075 confirmed cases (~447 cases per 
100,000) on October 19th, 2020.15 Given continued rises in incidence and the limited Canadian serological data 
available, we aimed to assess the prevalence of SARS-CoV-2 infection through universal viral and antibody 
testing of pregnant individuals admitted to triage units within a tertiary care hospital in Ottawa, Canada.  

Methods

Study Design & Sample Collection
This was a cross-sectional study of pregnant individuals admitted to obstetrical triage units at The Ottawa 
Hospital (TOH – General and Civic campuses). Universal testing for SARS-CoV-2 was implemented during the 
second local wave of the pandemic,16 between October 19th and November 27th, 2020 (39 days). Since universal 
testing was not adopted at an institutional level, research staff were on site 7 days a week (07:30 to 23:30) to 
recruit patients. Pregnant patients who were ≥18 years and English or French speaking were eligible. 

Participants were asked to provide a nasopharyngeal (Norgen CM-96000) or oropharyngeal swab sample 
(Norgen CY-93050), and a blood sample. Swab samples were placed in viral transport media (Norgen’s Total 
Nucleic Acid Preservation Tubes Dx). Blood samples were collected as peripheral whole blood via venipuncture 
or as dried blood spots via finger prick. To minimize burden to patients and providers, participants who 
presented to the triage unit more than once during the study timeframe were only asked to provide multiple 
samples if they were suspected to have COVID-19 at a subsequent visit based on symptomology or 
contact/travel history, both of which were screened for upon hospital entry (eAppendix 1). If a participant was 
found positive for SARS-CoV-2 infection through the testing program, they were notified by their clinical care 
team and instructed to follow public health guidelines.17 This study was approved by the Ottawa Health Science 
Network Research Ethics Board (20200640-01H). 
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Data Sources
We individually linked lab results with several other databases. Electronic medical records were used to 
ascertain the results of in-hospital SARS-CoV-2 testing. The Better Outcomes Registry & Network (BORN) 
Ontario, the provincial birth registry, provided information on demographics, pre-existing medical conditions, 
pregnancy characteristics and birth outcomes. Data from the Case and Contact Management System were used to 
ascertain participant results from community SARS-CoV-2 testing during the study time period. Finally, the 
TOH data warehouse was used to estimate the total potential population and the number of individuals not 
screened by research staff. The data sources are detailed in supplement eAppendix 2. 

SARS-CoV-2 Virus and Antibody Testing
All virus and antibody testing occurred at a Containment Level II+ facility at the University of Ottawa. Swab 
samples were analyzed for SARS-CoV-2 RNA using digital droplet polymerase chain reaction (ddPCR) assays 
(Bio-Rad QX 200 Droplet Reader) targeting the ORF1ab region (nsp14), the Nucleocapsid gene (N), and Envelope 
gene (E).18

Serum samples were evaluated for SARS-CoV-2-specific antibodies (IgA, IgG, IgM) using enzyme-linked 
immunosorbent assays (ELISAs). ELISAs were run on automated high-throughput instruments (Hamilton 
Microlab STAR Liquid Handling System), to quantify antibody levels against the full-length viral spike protein 
and nucleoprotein. Assay signals were used as correlates of detected antibody levels in each patient sample. A 
positive cut-off value was established for each assay plate as a value equal to the mean of negative control optical 
density (OD) values (manual ELISA) or mean of negative samples (automated ELISA) plus three times the 
standard deviation (SD) of the OD value distribution from pre-COVID-19 plasma/serum. Antibody levels in 
positive samples were correlated to SARS-CoV-2 control antibodies for IgA, IgG and IgM (CR3022). A cut-off 
of 1:50 +100% was used to classify serology results as positive or negative. A positive result for antibody reactivity 
against both the full-length viral spike protein and the nucleoprotein was required for a sample to be classified as 
seropositive. A positive serological result was determined to be a positive IgG antibody result alone, or IgG in 
combination with an IgM and/or IgA positive result. When testing for antibodies against SARS-CoV-2, it is 
important to note that antibodies develop between 2 and 4 weeks after onset of clinical illness.12,20 Full laboratory 
methodology is presented in the supplementary materials (eAppendix 3).

Cases were categorized as either active (i.e., measurable SARS-CoV-2 at the time of presentation to the triage 
unit) or recovered (i.e., lab-confirmed history of infection earlier in pregnancy or positive serology results). The 
distribution of antibodies among recovered cases is presented. 

Statistical analysis
Descriptive summary statistics, including demographic information, obstetrical histories and delivery details 
were presented for the overall study population and the subgroup of participants with serological data. Data were 
summarized using frequency distributions for categorical variables and using means and standard deviations 
(SD) or medians and interquartile ranges (IQR) for continuous variables. Categorical variables were compared 
using a Chi-Square test with continuity correction or a Fisher Exact test (where small cell counts were present). 
Normally distributed continuous variables were compared using ANOVA and nonnormally distributed 
continuous variables were compared using the Kruskal-Wallis test. Standardized Mean Differences (SMD) were 
also calculated for all variables. We used the table one package in R to produce the tables examining the 
characteristics of our study cohort and of participants who consented to serological testing.19 All other analyses 
were performed using SAS v9.4 (SAS Institute, Cary, NC). Chart reviews were conducted to address missing 
variables when possible. 

RESULTS

Between October 19 and November 27, 2020, 888 pregnant individuals presented to an obstetrical triage unit at 
TOH. Of these, 650 arrived while research staff were on site and were assessed for eligibility. After excluding 
those who were ineligible (n=81) or declined (n=174), a total of 395 pregnant people were included in the 
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analysis (Figure 1A), for a participation rate of 60.7%. A total of 639 maternal biosamples were collected, 
however, two swab samples were contaminated upon collection and excluded from analysis. Thus, a total of 284 
swab samples and 353 blood samples were analysed (Figure 1B). 

Participant Characteristics 
Participant sociodemographic and clinical characteristics are summarized in Table 1. The mean age (±SD) of 
participants was 32.4 years (±5.07). A total of 350 (88.6%) participants were in their third trimester of pregnancy 
at the time of their triage visit and 216 (54.7%) were multiparous. Participants were evenly distributed across 
neighbourhood median family income quintiles. Just over half of participants were White (54,9%) and most 
neither engaged in substance use during pregnancy (89.1%) nor had pre-existing health conditions (85.3%). 
Most participants were receiving antenatal care from only an obstetrician (68.9%). 

Biosamples and Prevalence of SARS-CoV-2 Infection and Antibodies
Among the 284 participants who provided a swab sample, 2/284 (0.70%) tested positive for SARS-CoV-2 
during the study period either by ddPCR testing as part of this study or by PCR testing as part of clinical care. 

Among the 353 participants who provided a blood specimen, 16 (4.5%) were positive for IgG. Of these, 3 (19%) 
were also positive for IgA and 1 (6.3%) was positive for IgM. The proportion of individuals positive with any of 
the three antibodies is presented in eAppendix 4. Neither of the 2 PCR-positive participants were seropositive. 
None of the seropositive participants were PCR positive during the study timeframe, however three had received 
a positive PCR result through community testing prior to study initiation. Seropositive and seronegative 
participants were similar in terms of sociodemographic and clinical characteristics (Table 2).

Overall, 18 (4.6%) participants had evidence of current or previous SARS-CoV-2 infection, by PCR or antibody 
testing. Seven (1.8%) were symptomatic (2/2 PCR-positive participants, and 5/16 seropositive participants) and 
11 (2.8%) were asymptomatic at the time of infection. Participant-reported symptoms included dry cough, 
shortness of breath, congestion, nausea, vomiting and unexplained fatigue. 

Pregnancy and perinatal outcomes
The pregnancy characteristics and outcomes are reported in Table 3. Median gestational age at delivery was 
similar between seropositive (38.5 weeks) and seronegative (39.0 weeks) participants. None required admission 
to intensive care. Among seronegative participants, 7 (2.1%) experienced preterm premature rupture of 
membranes, 95 (28.2%) had documented atypical or abnormal fetal surveillance and 128 (38.0%) had a cesarean 
delivery. Corresponding results in seropositive participants were: 0 (0%), 7 (43.8%) and 10 (62.5%), 
respectively.  

DISCUSSION

From October 19 to November 27, 2020, the prevalence of active and recovered SARS-CoV-2 infection among 
pregnant individuals presenting to obstetrical triage units at a tertiary care facility in Ottawa, Canada was 0.7% 
and 4.5%, respectively. There were no notable differences between seropositive and seronegative individuals for 
sociodemographic characteristics, obstetrical and medical histories, or perinatal outcomes. The rate of SARS-
CoV-2 infection in our sample was comparable to the local rate of infection (0.6%) reported in Ottawa during 
the same time period16 suggesting that universal testing of obstetric patients at the height of the second local 
pandemic wave would have been an appropriate surrogate measure for disease prevalence in the general 
population. Furthermore, among the 16 participants who were seropositive, just 3 had PCR-confirmed infections 
prior to the study. As such, serological testing may be used in combination with PCR testing to better estimate 
total prevalence of prior and current infection, respectively. 

Our findings suggest a lower prevalence of SARS-CoV-2 infection among the obstetrical population in Ottawa 
compared to similar universal testing studies performed elsewhere, where prevalence rates have ranged from 
0.012% to 37%.6,21 This may be attributable to lower testing positivity and infection rates in Ottawa, as well as 
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differences in population density.22 New York City, where universal testing revealed a 37% prevalence of 
SARS-CoV-2 infection in the obstetric population, has a population density 33 times greater than that of Ottawa 
23. Implementation of universal testing protocols necessitates consideration of several factors. First, the local 
prevalence of SARS-CoV-2 infection needs to be considered as local public health units may not have the 
capacity to support contact tracing for positive PCR results. Second, to ensure a truly universal approach, testing 
policies and procedures need to be adopted at the institutional level and sample collection resources need to be 
widely available. Third, testing methods should be reliable and ideally available via rapid testing. In our study, 
ddPCR test results were typically available 24 to 72 hours after collection. As all patients with a pending test 
were assumed to be infected and faster delivery of test results to patients and clinicians would have enabled 
implementation of PPE-saving protocols. Rapid testing would have reduced both workload on healthcare 
providers, minimized unnecessary use of resources and mitigated unwarranted stress for providers and 
participants.

Our study has several strengths. First, swab samples were analyzed using ddPCR, which is a more sensitive 
method (sensitivity 87.4-97.6%) 24,25 for clinical detection of SARS-CoV-2 than traditional qPCR methods 
(sensitivity approximately 70%) 26. Second, we employed serological testing, a service that was otherwise not 
available through the Ontario publicly-funded health care system or through private clinics at the time of the 
study. As this study took place during the second local pandemic wave, serology testing allowed us to identify 
individuals who had been previously infected with SARS-CoV-2. Finally, although not population-based, our 
sample was derived from a large patient population accessing the largest hospital network in the region. Our 
study is not without limitations. This study did not employ a true universal testing model, as protocol were not 
adopted at the institutional level. As a result, 238 individuals were not screened because they presented to the 
triage unit when research staff and 174 declined to participate. As such, the reported prevalence of SARS-CoV-2 
infection may not be generalizable to the TOH obstetrical population as a whole. Next, the presence or absence 
of COVID-19 symptoms was self-reported by participants at the time of consent, and we were unable to 
ascertain symptoms participants experienced outside of their triage visit. This limited our ability to capture 
information on symptoms that may been experienced by recovered participants to determine if they were 
symptomatic or asymptomatic at the time of infection. It also limited our ability to capture symptom information 
from pre-symptomatic cases. 

CONCLUSION

The prevalence of active and recovered SARS-CoV-2 among the obstetrical population participating in a SARS-
CoV-2 universal testing program during the Fall of 2020 in Ottawa, Ontario was 0.7% and 4.5%, respectively. 
These rates were in keeping with community prevalence during the second local pandemic wave. Our study 
highlights the need for investigation into the clinical and health system impacts of universal testing programs and 
to re-examine optimal testing strategies of high-risk groups for asymptomatic SARS-CoV-2 infection. Future 
work should explore the factors associated with pregnant individuals’ decisions to participate in universal testing 
programs and determine if those who decline participation are more likely to reside in high-risk areas. This may 
increase our understanding of patients’ behaviours in the context of SARS-CoV-2 testing. 
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Figure 1. Flow Diagram of Study Recruitment (Panel A) and Sample Collection (Panel B).  aThese individuals presented to triage units during 
times when research staff was not on-site to support screening and enrollment. bMost commonly reported reasons for declining testing include 
possible repercussions of testing, including separation from child at birth, being unable to enter daycare and recreational centres due to a “pending 
COVID test”, and fear of receiving a positive test. cSamples discarded due to contamination.

Page 10 of 22

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

Table 1. Sociodemographic and clinical characteristics of all study participants that provided a maternal sample (n=395)

Characteristics All participants (n=395)
Maternal age, years, mean ± SD 32.4 ± 5.07
Pre-pregnancy BMI, kg/m2, median [IQR] 25.4 [8.4]
Trimester at triage visit a, n(%)  

First <6 (S)
Second 44 (11.1)
Third 350 (88.6)

Parity, n(%)  
Nulliparous 178 (45.1)
Multiparous 216 (54.7)
Missing <6 (S)

Neighbourhood median family income quintile, n(%)  
Quintile 1 (poorest) 60 (15.2)
Quintile 2 83 (21.0)
Quintile 3 82 (20.8)
Quintile 4 87 (22.0)
Quintile 5 (richest) 81 (20.5)
Missing <6 (S)

Race, n(%)  
White 217 (54.9)
Asian 29 (7.3)
Black 30 (7.6)
Other 49 (12.4)
Missing 70 (17.7)

Obesity (BMI ≥30 kg/m2) b, n(%)  
No 249 (63.0)
Yes 93 (23.5)
Missing 53 (13.4)

Substance use during pregnancy c, n(%)  
No 352 (89.1)
Yes 38 (9.6)
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Missing <6 (S)
Anxiety, n(%)  

No 305 (77.2)
Yes 90 (22.8)

Depression, n(%)  
No 342 (86.6)
Yes 53 (13.4)

Pre-existing Health Conditions d, n(%)  
None 337 (85.3)
Asthma 45 (11.4)
Chronic hypertension 7 (1.8)
Diabetes 8 (2.0)

Gestational diabetes, n(%)  
No 353 (89.4)
Yes 42 (10.6)

Hypertensive disorder in pregnancy e, n(%)  
No 345 (87.3)
Yes 50 (12.7)

Antenatal healthcare provider, n(%)  
Family physician only 27 (6.8)
Obstetrician only 272 (68.9)
Family physician and obstetrician 48 (12.2)
Midwife 34 (8.6)
None <6 (S)
Other 10 (2.5)
Missing/unknown <6 (S)

Column statistics are provided. BMI: body mass index; IQR: interquartile range; S: suppressed due to small cell size; SD: standard deviation
a Date of triage visit is the date that the patient presented to obstetrical triage and was enrolled in the study.
b BMI values below 10.3 and above 79.9 were excluded as outliers and set to missing for BMI grouping and obesity
c Substance use during pregnancy is defined as alcohol, drug, or smoking during pregnancy. 
d Pre-existing conditions include pre-existing asthma, diabetes, and hypertension. 
e Conditions include eclampsia, gestational hypertension, HELLP, preeclampsia, pre-existing hypertension with superimposed preeclampsia.
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Table 2. Sociodemographic and clinical characteristics of study participants who underwent serological testing (n=353)

Characteristics
All Participants 

with serology 
(n=353)

Seronegative 
(n=337)

Seropositive 
(n=16) SMDa

Maternal age, years, mean ± SD 32.6 ± 4.82 32.6 ± 4.83 31.6 ± 4.53 0.207
Pre-pregnancy BMI (kg/m2), median [IQR] 25.5 [8.4] 25.4 [8.4] 26.6 [6.6] 0.019
Trimester at triage visit b, n(%)    

First <6 (S) <6 (S) 0 (0.0)
Second 38 (10.8) 36 (10.7) <6 (S)
Third 314 (89.0) 300 (89.0) 14 (87.5)

0.095

Parity, n(%)    
Nulliparous 164 (46.5) 156 (46.3) 8 (50.0)
Multiparous 188 (53.3) 180 (53.4) 8 (50.0)
Missing <6 (S) <6 (S) 0 (0.0)

0.105

Race, n(%)    
White 198 (56.1) 192 (57.0) 6 (37.5)
Asian 26 (7.4) 22 (6.5) <6 (S)
Black 25 (7.1) 23 (6.8) <6 (S)
Other 42 (11.9) 40 (11.9) <6 (S)
Missing 62 (17.6) 60 (17.8) <6 (S)

0.618

Obesity (BMI ≥30 kg/m2) c, n(%)    
No 221 (62.6) 212 (62.9) 9 (56.2)
Yes 84 (23.8) 80 (23.7) <6 (S)
Missing 48 (13.6) 45 (13.4) <6 (S)

0.163

Substance use during pregnancy d, n(%)    
No 314 (89.0) 298 (88.4) 16 (100)
Yes 35 (9.9) 35 (10.4) 0 (0.0)
Missing <6 (S) <6 (S) 0 (0.0)

0.512

Anxiety, n(%)    
No 272 (77.1) 257 (76.3) 15 (93.8)
Yes 81 (22.9) 80 (23.7) <6 (S)

0.505
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Depression, n(%)    
No 304 (86.1) 288 (85.5) 16 (100)
Yes 49 (13.9) 49 (14.5) 0 (0.0) 0.583

Pre-existing health conditions e, n(%)    
None 300 (85.0) 285 (84.6) 15 (93.8) 0.299
Asthma 41 (11.6) 40 (11.9) <6 (S) 0.197
Chronic hypertension 7 (2.0) 7 (2.1) 0 (0.0) 0.206
Diabetes 7 (2.0) 7 (2.1) 0 (0.0) 0.206

Gestational diabetes mellitus, n(%)    
No 318 (90.1) 304 (90.2) 14 (87.5)
Yes 35 (9.9) 33 (9.8) <6 (S) 0.086

Hypertensive disease in pregnancy, n(%)    
No 305 (86.4) 292 (86.6) 13 (81.2)
Yes 48 (13.6) 45 (13.4) <6 (S) 0.147

Antenatal healthcare provider, n(%)    
Family physician only 24 (6.8) 22 (6.5) <6 (S)
Obstetrician only 245 (69.4) 236 (70.0) 9 (56.2)
Family physician and obstetrician 42 (11.9) 38 (11.3) <6 (S)
Midwife 31 (8.8) 30 (8.9) <6 (S)
None <6 (S) <6 (S) 0 (0.0)
Other 8 (2.3) 8 (2.4) 0 (0.0)
Missing/unknown <6 (S) <6 (S) 0 (0.0)

0.512

Column statistics are provided. BMI: body mass index; IQR: interquartile range; S: suppressed due to small cell size; SD: standard deviation; SMD: standardized 
mean difference
a Standardized mean difference comparing seronegative and seropositive participants
b Date of triage visit is the date that the patient presented to obstetrical triage and was enrolled in the study.
c BMI values below 10.3 and above 79.9 were excluded as outliers and set to missing for BMI grouping and obesity
d Substance use during pregnancy is defined as alcohol, drug, or smoking during pregnancy. 
e Pre-existing conditions include pre-existing asthma, diabetes, and hypertension. 
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Table 3. Pregnancy characteristics and outcomes for all participants and by seropositivity status (n=395)

Serological testing (n=353)
Characteristics All Participants 

(n=395) Seronegative 
(n=337)

Seropositive 
(n=16)

SMDa

Number of fetuses, n(%)  
Singleton 377 (95.4) 321 (95.3) 16 (100.0)
Multiple 18 (4.6) 16 (4.7) 0 (0.0)

0.32

Gestational age at delivery in weeks, median [IQR] 39.0 [3.0] 39.0 [2.0] 38.5 [2.3] 0.14
Preterm delivery (<37 weeks), n(%)

No 337 (85.3) 289 (85.8) 13 (81.2)
Yes 57 (14.4) 47 (13.9) <6 (S)
Missing <6 (S) <6 (S) 0 (0.0)

0.15

PPROM (<37 weeks), n(%) 7 (1.8) 7 (2.1) 0 (0.0) 0.21
Atypical or abnormal fetal surveillance, n(%) 110 (27.8) 95 (28.2) 7 (43.8) 0.33
Labour type, n(%)

Spontaneous 184 (46.6) 158 (46.9) <6 (S)
Induced 129 (32.7) 109 (32.3) 6 (37.5)
No labour 81 (20.5) 69 (20.5) <6 (S)
Missing <6 (S) <6 (S) 0 (0.0)

0.35

Mode of delivery, n(%)
Vaginal 242 (61.3) 208 (61.7) 6 (37.5)
Caesarean 152 (38.5) 128 (38.0) 10 (62.5)
Missing <6 (S) <6 (S) 0 (0.0)

0.51

Birth outcome, n(%) n=413 n=353 n=16
Live birth 409 (99.0) 350 (99.0) 15 (93.8)
Intrapartum stillbirth <6 (S) 0 (0.0) <6 (S)
Missing/Not reported <6 (S) <6 (S) 0 (0.0)

0.39

Column statistics are provided. IQR = interquartile range; PPROM= preterm premature rupture of membrane; S: suppressed due to small cell size; SMD = 
standardized mean difference
a Standardized mean difference comparing seronegative and seropositive participants
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SUPPLEMENTARY MATERIALS

eAppendix 1. Febrile Respiratory Illness (FRI) Screening Tool

eAppendix 2. Data Sources

eAppendix 3. Laboratory Methodology

eAppendix 4. Distribution of all antibodies among participants who provided serological samples (n=353)
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eAppendix 1. Febrile Respiratory Illness (FRI) Screening Tool
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eAppendix 2. Data Sources
Data Source Description
Better Outcomes Registry and Network 
(BORN) Ontario

BORN Ontario is a provincial birth registry housed at the Children’s 
Hospital of Eastern Ontario (CHEO) that captures record-level 
information on maternal demographics and health behaviors, 
pregnancy complications, intrapartum events, and outcomes for all 
in-hospital births where the infant is born >500 grams or >20 
weeks’ gestation. In response to the COVID-19 outbreak, BORN 
Ontario now collects data on women admitted to hospital, at any 
time in pregnancy regardless of the timing of delivery, with 
confirmed or suspected COVID-19 cases.

Case and Contact Management System This database is used by public health units in the province of 
Ontario to report information regarding cases of reportable diseases, 
including COVID-19, to the Ontario Ministry of Health and Long-
Term Care (MOHLTC). Each month, BORN Ontario receives data 
from CCM+ that includes COVID-19 case information among 
pregnant women in Ontario.

The Ottawa Hospital Data Warehouse The Ottawa Hospital Data Warehouse is a relational database 
containing information from multiple information systems including 
patient registration, clinical data repository and patient abstracts. 
The total number of pregnant persons presenting to obstetrical triage 
units was determined using this database. Patients who were placed 
in this were had to meet the following criteria: 1. any pregnant 
person who was admitted to after presenting to the obstetrical triage 
unit or 2. any pregnant person who had an obstetrical triage visit 
type of ‘Hospital Encounter', 'Procedure Pass’, Anesthesia’, or 
‘Anesthesia Event’. We augmented this estimate by an additional 
5% in order to account for potential administrative data 
discrepancies.

Electronic Privacy Information Center 
(EPIC)

EPIC is the electronic medical record system used at The Ottawa 
Hospital. The electronic EPIC chart for each participant was 
consulted and the following information was extracted: ethnicity, 
date of delivery, result of the Febrile Respiratory Illness (FRI) 
screening tool, symptoms at triage visit, results from clinical and 
previous COVID tests. 
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eAppendix 3. Laboratory Methodology

SARS-CoV-2 testing
All samples of viral RNA were extracted using QIAamp viral RNA mini kit (Qiagen). Infection was determined 
by droplet digital PCR (ddPCR), a method that is more sensitive and precise for the clinical detection of SARS-
CoV-2 than traditional qPCR methods. Primer sequences targeted the ORF1ab (nsp14), nucleocapsid protein 
(N), and envelope protein (E) genes of SARS-CoV-2, as well as the human RPP30 gene (internal control) in a 2-
channel probe mix based triplex assay. A ddPCR reaction mix, containing purified RNA, target primers, probes, 
and one-step RT-ddPCR Supermix Advanced Kit for Probes (Bio-Rad), was partitioned into droplets using an 
automated Droplet Generator (Bio-Rad), and transferred into 96-well ddPCR plates. PCR was carried out on a 
C1000 touchscreen thermal cycler (Bio-Rad) under published cycling conditions: reverse transcription at 50°C 
for 60min, heat activation at 95°C for 10min, 40 cycles of denaturation at 95°C for 30 sec, and 
annealing/extension at 55°C for 1 min. A final step of enzyme deactivation was performed at 98°C for 10min, 
followed by a 4°C ‘infinite’ hold. Each run contained a positive control and no-template control (water). Cycled 
plates were analyzed for amplified viral products on a QX200 Droplet Reader (Bio-Rad) for the absence or 
presence of the targeted genes, along with the number of SARS-CoV-2 genome copies.

Antibody Testing
Overview

Serological assays were conducted using automated ELISAs to quantify antibody titers against the full-
length viral spike protein and nucleoprotein. Automated ELISAs were run using a Hamilton Microlab 
STAR Liquid Handling System.

Plate preparation
Flat-bottom, immune nonsterile 384-well assay plates (Thermo #12-565-345) were coated with 50ng of 
target antigen (Spike: SmT1 (NRC PRO1-429), N: COVID19-NFSH6G (NRC PRO47-3), diluted in 
sterile 1X PBS (Multicell #311-010-CL). Plates were covered with adherent seal (Plate Seal #PS-PET-
100) and incubated while rocking overnight at 4°C.
Prior to use, coated plates were washed 3 times with 200μL of PBS-T using a BioTek plate washer 
(model ELX405). After the final wash, a blocking step was performed by adding 80μL of PBS-T + 3% 
milk powder to each well. The plate was placed on a shaker at room temperature for one hour, then the 
blocking solution was removed.

Calibration Curve
A calibration curve was generated for each plate according to the antigen and antibody being assayed, as 
per Table 1. Control antibodies (anti-SARS-CoV-2 Spike (clone CR3022 from Absolute Antibody, clone 
# CR3022 (anti-Spike) and CR3018 (anti-NP)) were diluted in 1% skim milk powder in PBS-T.  IgG 
(Absolute antibody Ab01680-10.0) was initially diluted to 1/5000. IgM (Absolute antibody Ab01680-
15.0) and IgA (Absolute antibody Ab01680-16.0) were diluted to 1/4000. Subsequent ½ serial dilutions 
spread over 10 wells were used to generate the calibration curve.

Primary Antibody/Samples
Patient serum was diluted 1:50 with 1% skim milk in PBS-T. Dried blood spots were punched into 
3.2mm diameter discs using a DBS puncher (Perkin Elmer) and eluted in 100uL PBS/disc overnight at 
RT. Samples were spun down, eluates were transferred to a new plate and diluted 1:2 in 1% skim 
milk/PBS-T. 10uL of diluted sample was added to appropriate wells. 10uL of standard curves and 
controls were added in quadruplicate to columns 1, 2, 23, and 24. Assay plates were incubated shaking 
at RT for 2 h.

Secondary Antibody
Secondary antibodies used were α-human IgG (NRC HRP-Fusion anti-IgG #5), α-human IgM (Jackson 
Immuno Laboratories #109-035-129), and α-human IgA (Jackson Immuno Laboratories #109-035-011). 
Following plate wash in PBS-T, 10uL of HRP-conjugated secondary antibodies against IgG, IgM and 
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IgA were added at a dilution of 1:5400, 1:9600, and 1:8000, respectively, in 1% skim milk/PBS-T. 
Plates were incubated 1 h shaking at RT.

Plate development 
Plates were washed 4 x with PBS-T, then 10uL of luminescent HRP substrate (SuperSignal™ ELISA 
Pico Chemiluminescent Substrate, Thermo # 37069) was added to each well. Plates were incubated for 5 
min at room temperature prior to reading on a BioTek NEO2 plate reader (20 ms/well at a read height of 
1.0 mm).

Table 1. Calibration curve antibodies and concentrations

Antigen Ab 
Isotype Primary Ab Control Range - final/well (concentrations)

IgG Absolute Antibody – CR3022
Ab01680-10.0 anti-spike IgG

10, 2.5, 0.625, 0.156, 0.039, 0.0098, 0.0024, 
0.0006 ng (1 ug/mL to 0.00006 ug/mL)

IgM Absolute Antibody – CR3022
Ab01680-15.0 anti-spike IgM

20, 10, 2.5, 0.625, 0.156, 0.039, 0.0098, 
0.0024 (2 ug/mL to 0.00024 ug/mL)

Spike 
SmT1 & 

RBD
IgA Absolute Antibody – CR3022

Ab01680-16.0 anti-spike IgA
10, 2.5, 0.625, 0.156, 0.039, 0.0098, 0.0024, 

0.0006 ng (1 ug/ml to 0.00006 ug/ml)

IgG
Genscript – HC2003

A02039 Human anti-Nucleocapsid 
IgG

20, 10, 2.5, 0.625, 0.156, 0.039, 0.0098, 
0.0024 ng (2 ug/ml to 0.00024 ug/ml)

IgM
Absolute Antibody – CR3018 (03-

018)
Ab01690-15.0 – anti-N IgM

20, 10, 2.5, 0.625, 0.156, 0.039, 0.0098, 
0.0024 ng (2 ug/ml to 0.00024 ug/ml)

N protein

IgA Absolute Antibody - CR3018 (03-
018) Ab01690-16.0- anti-N IgA

20, 10, 2.5, 0.625, 0.156, 0.039, 0.0098, 
0.0024 ng (2 ug/ml to 0.00024 ug/ml)
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eAppendix 4. Distribution of all antibodies among participants who provided serological samples (n=353)

Antibody type and distribution N (%)  
IgG alone 12 (3.4%) 
IgM alone 40 (11.3%) 
IgA alone 4 (1.1%) 
IgG + IgM 1 (0.28%)
IgG + IgA 4 (1.1%)
IgM + IgA 4 (1.1%)
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