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A 40-year-old woman (gravida 2, para 1) was admitted to a 
tertiary hospital in Toronto, Ontario. She had familial 
neutropenia, gestational diabetes and a history of fre-

quent bacterial infections, including 3 episodes (sinusitis, skin 
infection and bronchitis) during this pregnancy, which resolved 
with anti biotic treatment. Details of the maternal course and 
outcome have been published separately because of her hema-
tologic condition.1

The patient presented with myalgia, decreased appetite, fatigue, 
dry cough and temperature of 39°C in the preceding 24 hours. A 
nasopharyngeal swab was positive for suspected severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2)gene targets via reverse 
transcription polymerase chain reaction (RT-PCR) testing (Allplex 
2019-nCoV assay, Seegene). There were no fetal concerns during the 
pregnancy or following admission. The woman did not need any 
respiratory support at the time of birth. A semiurgent cesarean deliv-
ery was done under regional anesthesia, with airborne, droplet and 
contact precautions, owing to worsening coagulopathy (elevated 
d-dimer and fibrinogen levels, and elevated activated partial throm-
boplastin time) and reducing platelet count at 35 weeks and 5 days’ 
gestation. Artificial rupture of membranes was performed at opera-
tion. The amniotic fluid was clear. The male neonate was vigorous 
and did not require resuscitation. His Apgar scores were 9 at 1 minute 
and 9 at 5 minutes, and his birth weight was 2.93 kg.

In line with our local protocol, delayed cord clamping was not 
performed, and the neonate was immediately removed from the 
operative field, in a sterile fashion, to a resuscitator 2 m away in 
the same room. Placental swabs (both maternal and fetal sides) 
were obtained. Placental tissue was sent for PCR and histopatho-
logic examination. Nasopharyngeal swabs were obtained from the 
neonate on the day of birth, day 2 and day 7, after thorough 
cleansing of the baby and before contact with the mother.

All 3 of the neonate’s nasopharyngeal swabs were positive for 
SARS-CoV-2 gene targets via RT-PCR testing; neonatal plasma 
tested positive on day 4, and stool was positive on day  7. The 
results of the maternal and neonatal investigations, including 

SARS-CoV-2 PCR results using the Allplex 2019-nCoV assay, are pre-
sented in Appendix 1, Supplemental Table S1 (available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.200821/-/DC1). Detailed 
results including PCR cycle thresholds for specific PCR targets 
(envelope, RNA-dependent RNA polymerase and nucleocapsid 
genes) as an indirect measure of viral load are reported in Appen-
dix 1, Supplemental Table S2.

Each of the 5 random sections of placenta showed multiple 
areas of infiltration by inflammatory cells and extensive early 
infarction. The inflammatory infiltrate consisted nearly entirely of 
CD68-positive macrophages. Only scattered T-cells (CD3), B-cells 
(CD20) and neutrophils (CD15) were identified on immunohisto-
chemical examination. The inflammatory infiltrate was largely con-
fined to the intervillous space, consistent with chronic histiocytic 
intervillositis. The histopathologic findings, however, differed from 
those of more typical cases of chronic histiocytic intervillositis in 
2 important features: the widespread early infarction and the clus-
tering of the inflammatory cells around the chorionic villi (Figure 1).

The woman and newborn were transferred to a negative-
pressure room on the postnatal ward. The woman attempted breast-
feeding with appropriate precautions, including wearing a mask, 
practising appropriate hand and breast hygiene, and keeping the 
baby 2 m away from her between feedings. The neonate was noted 
to be neutropenic and had mild hypothermia (lowest temperature 
35.9°C), feeding difficulties and intermittent hypoglycemic episodes 
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(lowest glucose level 1.8 mmol/L), which were managed with admin-
istration of dextrose gel and formula supplementation. Repeated 
episodes of hypoglycemia and feeding difficulties necessitated 
admission to the neonatal intensive care unit (NICU) at 37 hours of 
age for intravenous administration of glucose, thermoregulation and 
support for oral feeding. Treatment with ampicillin and tobramycin 
was started empirically (routine guideline for neonatal sepsis at our 
institution), which was discontinued 48 hours later after negative 
blood culture results. Within 24 hours of admission to the NICU, 
intravenous glucose treatment had been stopped, and the neonate 
maintained his temperature in an open cot and exhibited improved 
oral feeding. No radiologic investigations were needed. He was trans-
ferred back to his mother’s room on the postnatal ward and was dis-
charged home with his mother on day 4 after birth.

The neonate returned for routine assessment on day 7. The 
clinical examination was unremarkable, showing no feeding diffi-
culties, fever or cough. Repeat swabs for SARS-CoV-2 were taken 
from both the mother and the neonate (results in Appendix 1, Sup-
plemental Table S1). A telephone follow-up on day 30 after birth 

indicated that the baby was thriving. At the time of writing, con-
tinued follow-up was in place through a community physician.

Discussion

Cases of suspected perinatal SARS-CoV-2 infection have been 
reported;2,3 however, in light of infrequent testing, the possibility 
of specimen contamination from infected maternal sites, the 
questionable validity of serologic testing,4 and a lack of stan-
dardized definitions for congenital, intrapartum and postpartum 
transmission, more evidence is needed to ascertain the route of 
transmission5 and to determine whether in utero transmission 
has in fact occurred.

Our case represents a probable case of congenital SARS-
CoV-2 infection in a liveborn neonate. Congenital infection is 
supported by the following findings: the neonate was not in 
contact with vaginal secretions; the membranes were intact 
before birth; and there was no skin-to-skin contact with the 
mother before collection of the first neonatal nasopharyngeal 

Figure 1: Placental photomicrographs. A) On low-power imaging, broad zones of cellular infiltrates are noted frequently but randomly throughout 
the section (arrows). The most normal area is present on the right side of the slide (hematoxylin−eosin, original magnification ×2). B) Higher-
power view shows infiltration of the intervillous space by chronic inflammatory cells (arrows). The chorionic villi are largely spared from the infil-
tration but, instead, show extensive early necrosis of the syncytiotrophoblast layer. Early perivillous fibrin deposition is also present 
(hematoxylin−eosin, original magnification ×20). C) High-power view highlights the early infarction, with extensive smudginess and early fragmen-
tation of the syncytiotrophoblast nuclei (arrows) (hematoxylin−eosin, original magnification ×40). D) Immunostaining for the macrophage marker 
CD68 shows large numbers of the chronic inflammatory cells in the intervillous space, frequently encircling the chorionic villi (CD68 immunostain, 
original magnification ×20).
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swab. The clinical phenotype of a late preterm neonate with 
SARS-CoV-2 infection is unknown. The clinical features of the 
baby in our case were compatible with the course of a late pre-
term neonate except for elevated liver enzyme levels. We have 
determined this case to be a probable6 case of congenital 
SARS-CoV-2 infection as opposed to a confirmed case because 
of lack of detection of the SARS-CoV-2 gene targets in the 
umbilical cord tissue as well as lack of availability of cord 
blood for SARS-CoV-2 testing.

Dong and colleagues7 and Zeng and colleagues4 identified the 
presence of IgM and IgG antibodies in neonates born to women 
with coronavirus disease 2019 (COVID-19), whereas, in another 
report, Zeng and colleagues2 identified SARS-CoV-2 RNA in naso-
pharyngeal swabs in 3 of 33 cases. Most investigators so far have 
not reported the presence of SARS-CoV-2 RNA in vaginal secre-
tions, amniotic fluid or breast milk8 except for a recent case in 
which SARS-CoV-2 RNA was present in amniotic fluid.9 In our case, 
the mother’s nasopharyngeal swab, breast milk and vaginal swab 
were positive for SARS-CoV-2 RNA. The potential for respiratory 
secretion contamination of breast milk cannot be ruled out but 
was minimized by breast hygiene and cleaning before specimen 
collection. The positive vaginal swab may reflect vaginal inocula-
tion with stool. However, in the setting of positive placental 
swabs and placental parenchymal and chorion tissues, it is more 
likely consistent with shedding of the probably infected placental 
bed. SARS-CoV-2 infects host cells through angiotensin- 
converting enzyme 2 membrane-bound proteins, 10 and 
 angiotensin-converting enzyme 2 is expressed widely on the pla-
centa.11,12 The temporal homogeneity of the findings and the pres-
ence of early infarction suggest diffuse involvement of the entire 
placenta, more consistent with primary viral infection than super-
infection of a placenta already involved by chronic histiocytic 
intervillositis. Given that SARS-CoV-2 genes were not detected in 
the umbilical tissue, we suspect the possibility of a transamniotic 
route of infection via the placenta.

The usual diagnosis of congenital infection is made through 
compatible clinical features, and evidence of organism or anti-
bodies in maternal blood, cord blood, amniotic fluid, placenta 
and neonate. Debate regarding transmission via blood or dur-
ing the birth process is common.5 Thorough immediate testing 
is needed to understand the route of transmission of SARS-
CoV-2 infection.

In our case, maternal familial neutropenia and the associ-
ated immunocompromised state may have contributed to the 
widespread dissemination of the virus throughout body tissues 
and secretions. It is possible that the neutropenia in the neonate 
was secondary to inheritance of the maternal condition (confir-
matory tests are pending), which may have altered his immuno-
logic state, contributing to the acquisition of SARS-CoV-2 
infection.

Congenital SARS-CoV-2 infection, with virus present in a neo-
nate’s nasopharynx at the time of birth, may occur, with a fre-
quency not yet defined. All health care providers attending an 
infected woman’s delivery and caring for the baby in the NICU 
should recognize this risk and use appropriate personal protec-
tive equipment to prevent droplet, contact and aerosol trans-

mission if aerosol-generating procedures are considered. Neo-
nates should be tested as soon as possible for SARS-CoV-2 RNA 
in cord blood, placental specimens and nasopharyngeal swabs, 
without waiting the 24 hours indicated in the current American 
Academy of Pediatrics guideline.13 This would establish the 
prevalence of SARS-CoV-2 in neonates of infected women and 
allow classification of those infected based on the process (in 
utero, intrapartum or postpartum) as opposed to the direction 
(vertical or horizontal) of transmission.6 This is also important 
for neonatal management and surveillance of the infant for 
delayed effects of transmission. Finally, it is important to note 
the timing, process and method of sample collection with early 
testing, so that intrapartum transmission (as opposed to a true 
congenital [in utero] infection) can be identified and proper pre-
cautions taken for health care workers. Having early results may 
also help with resource management while caring for the 
mother−newborn pair. Obtaining 2 consecutive negative SARS-
CoV-2 test results (swabs) for the neonate may allow caregivers 
to discontinue droplet and contact precautions; however, in 
some units, the baby will still be considered a contact of expos-
ure for 14 days.
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Appendix 1 (as supplied by the authors): Supplemental tables 

Supplemental Table S1. Results of maternal and neonatal clinical investigations. 
Days Reference Range 2 Days 

before 
Birth 

1 Day 
before 
Birth 

Day of 
Birth 

Day 1 
after 
Birth 

Day 2 
after 
Birth 

Day 3 
after 
Birth 

Day 4 
after 
Birth 

Day 7 
after 
Birth 

Maternal Investigations 
Platelet count x 109/liter 140-400 127 98 82 78 85 84 93 

 

White cell count x 109/liter 3-10 0.51 1.06 1.82 2.65 9.78 12.42 12.48 
 

Absolute neutrophil count x 109/liter 1.5-7 0.07 0.33 0.61 0.82 4.44 6.54 7.69 
 

Maternal COVID-19 Results 
Nasopharyngeal swab Detection of SARS-

CoV-2 gene targets 
by reverse 
transcription 
polymerase chain 
reaction testing 

positive 
      

positive 
Placental swab - maternal 
side 

  
positive 

     

Placental swab - fetal side   positive      

Placenta - Parenchyma   positive      

Placenta - Chorion   positive      

Umbilical cord tissue   ND      

Vaginal swab 
   

positive 
   

positive 
Expressed breast milk 
swab 

    
positive 

  
ND 

Rectal swab 
       

ND 
Blood 

    
ND ND   

Infant Investigations 
Hemoglobin g/liter 125-220 

  
177 159 

 
168 156 

Platelet count x 109/liter 150-600 
 

229 234 
 

229 155 
White cell count x 109/liter 8.4-34 

 
7.48 6.31 

 
4.53 8.36 

Absolute neutrophil count x 109/liter 4-26 
 

0.3 0.32 
 

0.31 0.19 
Absolute lymphocyte count x 109/liter 2-7 

 
4.23 4.26 

 
2.42 5.79 

Aspartate aminotransferase U/liter 13-37 
    

99 60 
Alanine aminotransferase U/liter 15-54 

    
26 18 

Alkaline phosphatase U/liter 168-475 
    

152 
 

C-reactive protein mg/liter 
   

0.4 
   

Total bilirubin µmol/liter 1-200 
  

87 132 180 
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Glucose µmol/liter 3.5-6 2.4 2.2-4.6 1.8-4.5 2.9-4.7 2.8-3.4 4.5 
Infant COVID-19 Results 
Nasopharyngeal swab Detection of SARS-

COV-2 gene targets 
by reverse-
transcription 
polymerase chain 
reaction testing 

 
positive 

 
positive 

  
positive 

Blood  NI ND*  positive ND 
Stool swab 

     
positive 

Note: ND = not detected, NI = not interpretable due to reverse-transcription polymerase chain reaction inhibition. 
*Sample was diluted 1:3 in order to have sufficient volume for testing 

 
 
 

Supplemental Table S2. Detailed SARS-CoV-2 reverse transcription polymerase chain reaction results 

Maternal SARS-CoV-2 Results 
Days Gene target 2 Days 

before 
Birth 

Day of 
Birth 

Day 1 
after 
Birth 

Day 2 
after 
Birth 

Day 4 
after 
Birth 

Day 7 
after 
Birth 

Nasopharyngeal 
swab 

Envelope Gene 
Ct 

20.81 
    

30.19 

RdRp Gene Ct 24.07     31.82 

Nucleocapsid 
gene Ct 

24.27     33.76 

Placental swab - 
maternal side 

Envelope Gene 
Ct 

 
13.59 

    

RdRp Gene Ct  15.50     

Nucleocapsid 
gene Ct 

 15.54     

Placental swab - 
fetal side 

Envelope Gene 
Ct 

 26.68     

RdRp Gene Ct  26.96     

Nucleocapsid 
gene Ct 

 28.46     
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Placenta - 
Parenchyma 

Envelope Gene 
Ct 

 26.57     

RdRp Gene Ct  28.11     

Nucleocapsid 
gene Ct 

 28.87     

Placenta - 
Chorion 

Envelope Gene 
Ct 

 35.60     

RdRp Gene Ct  37.19     

Nucleocapsid 
gene Ct 

 38.05     

Umbilical cord 
tissue 

Envelope Gene 
Ct 

 ND     

RdRp Gene Ct  ND     

Nucleocapsid 
gene Ct 

 ND     

Vaginal swab Envelope Gene 
Ct 

  
34.06 

  
29.92 

RdRp Gene Ct   35.08   31.16 

Nucleocapsid 
gene Ct 

  36.99   32.29 

Plasma Envelope Gene 
Ct 

   ND ND  

RdRp Gene Ct    ND ND  

Nucleocapsid 
gene Ct 

   ND ND  

Expressed breast 
milk swab 

Envelope Gene 
Ct 

   
30.58  ND 

RdRp Gene Ct    32.56  ND 

Nucleocapsid 
gene Ct 

   34.66  ND 

Rectal swab Envelope Gene 
Ct 

     
ND 
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RdRp Gene Ct      ND 

Nucleocapsid 
gene Ct 

     ND 

Infant SARS-CoV-2 Results 
Nasopharyngeal 
swab 

Envelope Gene 
Ct 

 
ND 

 
19.15 

 
16.83 

RdRp Gene Ct  37.42  20.79  18.02 

Nucleocapsid 
gene Ct 

 ND  21.74  19.57 

Plasma Envelope Gene 
Ct 

  
NI ND* ND ND 

RdRp Gene Ct   NI ND* 35.76 ND 

Nucleocapsid 
gene Ct 

  NI ND* 36.96 ND 

Stool swab Envelope Gene 
Ct 

     
26.14 

RdRp Gene Ct     31.86 

Nucleocapsid 
gene Ct 

    29.25 

Note: Ct = cycle threshold, ND = not detected, NI = not interpretable due to reverse-transcription polymerase chain 
reaction inhibition; RdRp = RNA-dependent RNA polymerase. 
*Sample was diluted 1:3 in order to have sufficient volume for testing. 
The Allplex 2019-nCoV reverse transcription polymerase chain reaction assay (Seegene, South Korea) undergoes 
40 cycles in an attempt to detect three SARS-CoV-2 gene targets (envelope, RNA-dependent RNA polymerase and 
nucleocapsid genes). The cycle in which a gene is detected (known as the cycle threshold) indirectly reflects its 
viral load, with lower cycle thresholds reflecting higher viral loads and higher cycle thresholds reflecting lower 
viral loads. All single gene positives noted during the assay’s verification were sent for amplicon sequencing and 
confirmed not to be non-specific amplification. 
All single gene positives noted during the assay’s verification were sent for amplicon sequencing and confirmed 
not to be non-specific amplification. 
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