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The outbreak of COVID-19 has emerged as the most 
critical global public health problem since 2020. 

The vertical transmission of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a serious concern for pregnant women with COVID-19. 



https://www.worldometers.info/coronavirus/?ut
m_campaign=homeAdvegas1?





Why did the fifth wave end so quickly in Japan?
• Increased vaccination rates - 75% of the population as 
of November (58% in the US, 34% in Russia)

• National character? (wearing surgical masks, 
handwashing, avoidance of three-dense, ventilation, 
shoes off, no hugging)

• BCG? (this is denied in Russia), cross-immunity with 
existing corona viruses?

• Natural disappearance of the 

virus due to suicide mutation?

• No invasion of new strains to 

replace the delta strains?







https://ourworldindata.org/covid-vaccination-global-projections



Number of deaths per capita
• Frontier Research Institute, Sapporo Medical University

https://web.sapmed.ac.jp/canmol/coronavirus/death.html?s=y&f=y&n=j&c=1&p=1



• Four different coronaviruses (eCoVs) are responsible for the 

common cold in humans

• 875 patients with a history of infection were compared with 

the four epidemic coronaviruses with 15053 patients without 

a history of infection by respiratory pathogen testing, which 

had been studied since 2015, to determine whether there 

was a difference in the clinical picture of COVID-19.

• The infection rate was similar in both groups, but the severity 

of COVID-19 (intensive care unit use and death) was 

significantly lower in patients with a history of epidemic 

coronavirus infection.

• The number of patients with common cold is higher in Asia 

Oceania than in Europe and the United States.

• Previous common cold infection was associated with less 

severe disease



• T cell responses to previously infected 
coronaviruses control infection

• In particular, SARS-CoV-2 reactive T cells, 
including responses to replication 
transcription complexes (RTCs)12,13, 
are important and are not accompanied 
by elevated neutralizing antibody titers.



COVID-19 during Pregnancy: Birth and Infant Outcomes （CDC）

https://covid.cdc.gov/covid-data-tracker/#pregnant-population

Maternal mortality 0.16 %

Timing of infection
1st trimester 17％
2nd trimester 30％
3rd trimester 53％



88％ term delivery
12％ premature delivery

68％ Vaginal delivery
32％ Caesarean section

Vertical transmission rate 6％



• A systematic review based on 192 
independent studies.

• Prognosis of 67271 pregnant women 
and postpartum mothers infected with 
COVID-19 was  analyzed.

• Compared to non-pregnant women, 
higher rates of ICU admission and 
need for ventilator and ECMO 
management in the 3rd trimester.

• Among 41664 pregnant women, 339 
(0.02%) died.

• Obese, non-Caucasian, hypertensive, 
and diabetic patients were more 
common among the critically ill and 
those who died.



COVID-19 registry of pregnant women in Japan
• 367 cases have been reported until 15 Apr 2021

• 61 cases were matched analysis category

• 53 cases with asymptomatic or mild

• 6 cases with moderate symptoms

• 2 severe cases but no one died

• Severe cases were complicated with obesity, DM 

and/or preeclampsia

• No cases of in utero vertical infection

• 1 case of SARS-CoV-2 positive baby (unknown route)



Risk

3rd Trimester 

Risk factors of severe COVID-19



Frequently asked questions

• Are we pregnant women more 
susceptible and severe?

• Can virus be transmitted vertically?

• Is there any effect on the fetus?

• Are there any medications that can be 
used during pregnancy?

• What is the method of delivery?
(Cesarean section or vaginal delivery?)

• Can I breastfeed my baby?



• Psychological survey of women who gave 
birth during the COVID-19 pandemic (March 
8-June 15) in Torino 

• Edinburgh Postnatal Depression Scale 
(EPDS), Impact of Event Scale-Revised (IES-
R), and Relationship Questionnaire (RQ)were 
performed

• Of the 163 women ,prevalence of depressive 
symptoms was 44.2% (EPDS cut-off score ≥ 
11)

• The prevalence of PTSS was 42.9% (IES-R 
cut-off score ≥24).

• Pain during childbirth was a risk factor for 
postpartum depression; support from medical 
staff and quietness in the ward were 
protective factors.

• Early detection of anxiety during pregnancy 
and preventive and therapeutic psychological 
interventions are important.







• CDC reported that full vaccination reduced 
the rate of hospitalization down to 1/20th 
compared to un-vaccinated.

• Vaccination reduces the chance of 
household infections by 40-60%, for every 
strain including delta strain.

• At four months after two doses of vaccine, 
the efficacy rate of Pfizer vaccine is 
reduced by about 30%, while that of the 
Moderna vaccine remains unchanged 
(doi:10.1001/jama.2021.19499).

• The amount of RNA contained in the 
Moderna vaccine is about three times 
higher than that in the Pfizer vaccine, and 
this might be responsible for the longer 
duration of immunity.



佐賀城本丸歴史館



Naranjargal J. Dashdorj et al. Cell Host Microbe (in press)

• Two doses of Pfizer(mRNA), 
AstraZeneca(DNA), Sputnik 
(Russian), or Sinopharm
(Chinese inactivated vaccine) 
were administered to 196 people 
in Mongolia.

• The serum levels of neutralizing 
antibodies were then compared.

• The ability to induce neutralizing 
antibodies, Pfizer was by far the 
best, followed by AstraZeneca, 
and then Sputnik and Sinopharm.

https://reader.elsevier.com/reader/sd/pii/S1931312821005102?token=
3BFDE7793FD5D49686755C85D76E443E5A7C31D854B62F0CB45B86D
BC18C6500FED3B8A519DF39E7F9BEEB68C696520F&originRegion=us-
east-1&originCreation=20211115012623



1. pregnant women should not be excluded from vaccination;

2. informed consent should be obtained before vaccination;

3. healthcare workers and pregnant women with complications such as diabetes, hypertension, and obesity 
should be vaccinated preferentially; 

4. vaccination should be avoided until 12 weeks of gestation during organogenesis; 

5. spouse and family members should be vaccinated actively; 

6. nursing mothers are not particularly affected.

7. This policy has been adopted in government guidelines. Additional efforts should be made to protect 
pregnant women from infection and severe illness with COVID-19 by eliminating vaccine hesitancy.



Revised recommendations from (June 17)

1. Every pregnant woman is encouraged to be vaccinated.

2. Abolish the 12-week limit. (Originally, there was no clear evidence for this, 

but the purpose was to avoid the period of organogenesis in order to 

prevent problems caused by accidental birth defects.)

3. Omission of confirmation of fetal heartbeat before and after inoculation 

( This is possible for individual inoculation at obstetric facilities, but 

impossible at  mass inoculation:

4. Routine medical checkup of pregnant women before and after innoculation

by local Obstetricians.



• A study in rats on the reproductive 
toxicity and fetal-placental damage 
of Pfizer-Biontech vaccine.

• No toxicity was observed at all.



✓ An initial safety study of mRNA Covid-19 

vaccine in pregnant women in the United 

States from December 14, 2020 to 

February 28, 2021.

✓ Injection site pain was reported more 

frequently in pregnancy, but headache, 

myalgia, chills, and fever were reported 

less frequent.

✓ The frequency of adverse events, including 

spontaneous abortion, did not differ from 
that of non-vaccinated subjects.





• Semen was 

examined before 

and after 

vaccination to 

study the effect of 

mRNA vaccine on 

male infertility.

• Sperm volume 

and motility both 

improved after 

vaccination, and 

total motile sperm 

count (TMSC) 

increased!



• The South African (K417N-
E484K-N501Y) and 
Brazilian (K417T-E484K-
N501Y) variants are more 
lethal than the UK variant 
(N501Y)

• May escape neutralizing 
antibodies induced by 
existing vaccines



✓ The antibodies induced in Pfizer 

vaccine twice-vaccine recipients 

can neutralize a variety of mutant 

strains. 

✓ At this time, the vaccine does not 

become ineffective when mutated 
strains appear.



Sera from individuals who 

had completed two doses of 

Pfizer vaccine were 

neutralized against all virus 

strains tested, including the 

Indian delta and kappa strains 

and the Nigerian eta strain. 
(Nature 2021, Jun10)



• As of September 2021, the WHO reported four variants of 
concern (alpha [B.1.1.7], beta [B.1.351], gamma [P.1], and 
delta [B.1 .617.2 and AY]) and five notable variants (eta 
[B.1.525], iota [B.1.526], kappa [ B.1.617.1], lambda[C.37], 
mu[B.1.621]).

• The mu strain was first isolated in Colombia on January 11, 
2021, and the number of infected patients increased rapidly 
from March to July, with the gamma strain predominating in 
the early stages but becoming dominant in May and 
increasing in proportion thereafter 

• Mu strains may have increased infection rates, virulence, and 
resistance to immune responses.

• Mu strains may pose a threat by developing significant 
resistance to antibodies induced by natural infection or by 
Pfizer vaccines.



• Anti-SARS-CoV-2 antibodies are detectable up 
to 11 months after infection, although they 
rapidly decay in the first few months.

• SARS-CoV2 spike-specific plasmacytoid cells 
can be detected in bone marrow puncture fluid 
for a long time after inoculation.

• Memory B cells against S protein circulate and 
differentiate into plasma cells in recovering 
patients

Nature. May 24, 2021.（doi.org/10.1038/s41586-021-
03647-4）



• Peripheral blood B cells secreting IgG and IgA targeting the S protein 

reached a peak one week after the second immunization and then declined.

• In contrast,  needle aspirates (FNA) of axillary lymph nodes, GC B cells 

binding to the S protein remained high for at least 12 weeks after booster 

immunization. 

• In addition, clones of cross-reactive B cells had higher levels of 

somatic hypermutation than clones that recognized only the S protein of 

ARS-CoV-2.



• The CD4+ and CD8+ T-cell 

responses of patients recovering 

from COVID-19 and those who 

received two doses of vaccine were 

virtually unaffected by the mutant 

strains.



• Early antibodies are partly cross-reactive 
antibodies to common cold coronaviruses, 
neutralizing antibodies to spike proteins, 
and non-neutralizing antibodies to other 
proteins.

• In the early stages of recovery, neutralizing 
antibodies increase and a variety of 
antibodies are produced.

• Later, neutralizing antibodies decrease 
and other antibodies increase relatively.

• In the case of natural infection, 
neutralizing antibodies temporarily 
increase, but decrease over time, and non-
neutralizing antibodies increases.

• In the case of vaccination, the production 
of neutralizing antibodies lasts longer and 
T-cell activation is sustained, thus 
reducing the risk of reinfection.

宮坂昌之先生のFBより



Specific secretory IgA in saliva 
detected in 59% (22/37) of vaccine 
recipients with Pfizer's vaccine and 
88% (7/8) with Moderna's vaccine



• T cell responses to previously infected coronaviruses 
control infection

• In particular, SARS-CoV-2 reactive T cells, including 
responses to replication transcription complexes 
(RTCs)12,13, are important and are not necessarily 
accompanied by elevated neutralizing antibody titers.



✓ TGFβ is inappropriately increased in severe COVID-

19 early in infection, inhibiting NK cell function and 

early viral defense

✓ Decreased viral load in COVID-19 correlates with NK 

cell status, and NK cells can control SARS-CoV-2 

replication by recognizing infected target cells.

✓ In severe COVID-19, NK cells show marked defects 

in virus control, cytokine production, and 

cytotoxicity, despite high expression of cytotoxic 

effector molecules

✓ Single-cell RNA analysis of NK cells in all stages of 

COVID-19 revealed unique gene expression.
✓ In severe COVID-19, serum levels of TGFβ peak 

within 2 weeks of infection, resulting in a significant 
TGFβ-dependent impairment of NK cell function.

✓ In patients with mild disease, TGFβ increased only 

slightly after 3 weeks of infection.
✓ Suppression of TGFβ may prevent the development 

of severe disease.

Nature. Oct 25, 2021.（doi.org/10.1038/s41586-021-04142-6）

https://doi.org/10.1038/s41586-021-04142-6?fbclid=IwAR3RAuJ9CZm08vdyy0TtKM-y4jlI6agPj2_KnXzSyejnOgUKHerQEZ6Ezcs


• Efficient transfer of SARS-
CoV-2 immunoglobulin G 
across the placenta in 
women, vaccinated with the 
BNT162b2

• A positive correlation 
between maternal serum 
and cord blood antibody 
concentrations. 

• Positive correlation between 
blood and breast milk.

• In addition to maternal 
protection against COVID-19, 
the vaccine may also provide 
neonatal humoral immunity.

•. Am J Obstet Gynecol MFM 2021 Sep 20;4(1):100492.



• In the AZ and J&J vaccines, autoantibodies against 
platelet factor-4 (PF4) polymerize and produce 
antibodies against PF4, which is known as heparin-
induced thrombosis, and clotting occurs by the 
same mechanism as platelet activation.

• If thrombosis is suspected in the range of 4-20 
days post-vaccination, we have to suspect vaccine-
induced thrombosis (VIPIT), low platelets, elevated 
D-dimer, and if possible, antibodies against PF4-
heparin with high concentration immunoglobulin.

• Never use heparin, but give danaparoid to prevent 
coagulation, fibrinogen to compensate for low 
fibrinogen, and concentrated immunoglobulin.



Post-vaccine myocarditis
• After 3 months , patients  who visited the 

outpatient clinic at least once after myocarditis, 

40% had no symptoms. 

• While 24-29% still had shortness of breath, 
chest pain, and /or fatigue.

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-11-2-3/04-COVID-Oster-508.pdf

12.Nov CDC



• On the fifth day of the first vaccine in a colorectal 
cancer patient receiving checkpoint inhibitor 
therapy, generalized muscle pain, diarrhea, and 
fever of 38.4°C. 

• The patient was admitted a diagnosis of cytokine 
storm. He was treated with intravenous 
methylprednisolone. 

• His symptoms rapidly improved and was 
discharged 7 days after treatment.

• Since 5 days after vaccination coincided with the 
time of immune response, T cells specific for the 
spike were releasing cytokines to develop cytokine
storm.



• mRNA vaccination causes high seroconversion in 
carriers

• A second dose of vaccine is important to increase 
antibody levels.

• Patients with hematologic malignancies are more 
likely to fail to respond to the vaccine.

• Patients receiving rituximab (anti CD20) did not 
develop antibodies after two doses of vaccine.



✓ TGFβ is inappropriately increased in severe COVID-

19 early in infection, inhibiting NK cell function and 

early viral defense

✓ Decreased viral load in COVID-19 correlates with NK 

cell status, and NK cells can control SARS-CoV-2 

replication by recognizing infected target cells.

✓ In severe COVID-19, NK cells show marked defects 

in virus control, cytokine production, and 

cytotoxicity, despite high expression of cytotoxic 

effector molecules

✓ Single-cell RNA analysis of NK cells in all stages of 

COVID-19 revealed unique gene expression.
✓ In severe COVID-19, serum levels of TGFβ peak 

within 2 weeks of infection, resulting in a significant 
TGFβ-dependent impairment of NK cell function.

✓ In patients with mild disease, TGFβ increased only 

slightly after 3 weeks of infection.
✓ Suppression of TGFβ may prevent the development 

of severe disease.

Nature. Oct 25, 2021.（doi.org/10.1038/s41586-021-04142-6）

https://doi.org/10.1038/s41586-021-04142-6?fbclid=IwAR3RAuJ9CZm08vdyy0TtKM-y4jlI6agPj2_KnXzSyejnOgUKHerQEZ6Ezcs


Most fetuses are protected from in utero infection

Placental fortress against SARS-CoV-2
Komine-Aizawa S, Takada K, 
Hayakawa S.
Placenta, 2020



A case of intrauterine fetal death 
at 35 weeks of pregnancy

Fetal organs obtained 
by autopsy

✓Lung  PCR(-)

✓Kidney PCR(-)

✓Liver  PCR(-)

✓Intestine PCR(-)

✓Lymph nodes PCR(-)

✓Spleen PCR (-)

Stillbirth placenta Control  placenta



Twin delivery (29 weeks of gestation) 
emergent Caesarean section for acute fetal distress
• Cord Blood 

neonate 1 PCR(-) IgG Ab(-) IgM Ab(-)

neonate 2 PCR(-) IgG Ab(-) IgM Ab(-)

• Maternal blood
PCR(+) IgG Ab(+) IgM Ab(+)

• Placenta
PCR(++) Antigen(++)

• Breast Milk
PCR(-)



Molecular and immunohistochemical localization of 
SARS-CoV-2 genes or antigens in placenta

• Placental sampling by Caesarean section or vaginal delivery

• PCR detection of viral genome and immunohistochemistry 
(immunofluorescent or Enzymatic detection)

• Routine pathological examinations

N protein
S protein



Localization of SARS-CoV-2 spike protein in the placenta collected from 
a COVID-19 infected mother term C/S

COVID-19 (+) COVID-19 (-)

GFP: SARS-CoV-2 spike protein 
DAPI: nuclei

Fortunately, the neonate 
was COVID-19 negative



Materials and Methods

SARS-CoV-2
(WK-521)

• Trophoblast cell lines

Bewo 
JEG-3
NJG
HTR8/SVneo (H8)
Swan.71

• VeroE6/TMPRSS2

• IF
anti-spike protein antibody 
(Abcam)

moi = 0.5 to 1

ACE-2
TMPRSS2
• WB

anti-ACE-2 antibody (abcam)
anti-TMPRSS2 antibody (abcam)

N set

N2 set

• RT-qPCR

Forskolin

multiplicity of infection (moi)

Ethical committee approval number: RK-200512-9, P20-22-0
Bio-risk management and control committee approval number: 2020-5-0



• WB
• IF

• RT-qPCR

• RT-qPCR

• IF

Hayakawa S, Komine-Aizawa S, Mor GG. 2020, J Obstet Gynaecol Res.



Trophoblast cell lines express ACE 2 and TMPRSS2

Bewo 

ACE 2(90 kDa)

a-tubulin(50 kDa)

TMPRSS2(54 kDa)



The replications of SARS-CoV-2 in trophoblast cell lines were limited 

comparing VeroE6/TMPRSS2 cells.
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Intracellular localization of the SARS-CoV-2 spike protein

Bewo

Forskolin (+)Forskolin (-) VeroE6/TMPRSS2

Green: SARS-CoV-2 spike protein
Red: cytokeratin
Blue: nuclei



SARS-CoV-2 release from trophoblast cell lines were limited 
comparing highly proliferative VeroE6/TMPRSS2 cells.
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Results

• Trophoblast cell lines expressed ACE 2 and TMPRSS2.

• The viral RNA replication was repressed in most trophoblast cell lines.

• Forskolin induced differentiation of Bewo cells might increase SARS-
CoV-2 susceptibility but does not induce viral release 

Syncytial trophoblasts 
can be infected with 
SARS-CoV-2 scarcely, 
but it is an abortive 
infection 



Curr Opin Microbiol
2012 Feb;15(1):36-43

• The placenta presents multiple defenses 
against pathogens

• The syncytiotrophoblast lacks intercellular 
junctions that contribute to pathogen 
resistance

• The uterine-trophoblast environment is rich in 
innate cellular defenses

• The few pathogens that can circumvent these 
barriers have intracellular life cycles



• Among 620 protein kinases, we 
have identified H11/HSPB8 as a 
Vpx-binding protein that 
negatively regulates the stability 
and function of Vpx

• Targeted knockdown of 
H11/HSPB8  in human 
trophoblast cells, restored the 
expression and function of Vpx 
and subsequent replication of 
HIV-2

Front Microbiol 2016 Jun 13;7:883.





✓Two trophoblast cell 

lines Swan71 and 

HTR8 are susceptible 

to H1N1/09 influenza 

A virus.

✓However, viral release 

was not detected.

✓Abortive infection of 
H1N1/09 influenza A 

virus might protect 

fetus from vertical 

transmission

Am J Reprod Immunol. 2012 Sep;68(3):226-32.



Pham et al. Microorganisms. 2021 in press
HTR-8/SVneo細胞



Take Home message

• Pregnant women infected with COVID-19 often become severely ill in 
late pregnancy. 

• There is no teratogenicity.

• Transplacental infection is less frequent.

• Vaccination can be given at any stage of pregnancy. 

• The vaccines do not cause fetal or reproductive toxicity.

• However, there are several adverse reactions such as anaphylaxis, 
myocarditis, and thrombosis. 

• Pregnant women often become anxious, thus adequate 
communication is important.

• The small number of infected and severely ill people in Asian 
countries may be due to cross-reactions with other coronaviruses.
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