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Covid-19 Vaccination during Pregnancy
and First-Trimester Miscarriage

TO THE EDITOR: Pregnant women with coronavi-
rus disease 2019 (Covid-19) are at increased risk
for adverse outcomes, and Covid-19 vaccination
is recommended during pregnancy."? However,
safety data on Covid-19 vaccination during preg-
nancy remain limited.>*

We performed a case—control study with data
from Norwegian registries on first-trimester
pregnancies, Covid-19 vaccination, background
characteristics, and underlying health conditions
(Supplementary Methods and Tables S1 through
S3 in the Supplementary Appendix, available
with the full text of this letter at NEJM.org). We
identified all women who were registered be-
tween February 15 and August 15, 2021, as hav-
ing had a miscarriage before 14 weeks of gesta-
tion (case patients) and those with a primary
care-based confirmation of ongoing pregnancy
in the first trimester (controls). In Norway, al-
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though vaccination during the first trimester is
not recommended except in women with under-
lying risk conditions, women not yet aware that
they were pregnant may still be vaccinated in the
first trimester. We estimated odds ratios with
95% confidence intervals for Covid-19 vaccina-
tion within 5-week and 3-week windows before
a miscarriage or ongoing pregnancy, adjusting
for women’s age, country of birth, marital status,
educational level, household income, number of
children, employment in a health care profes-
sion, underlying risk conditions for Covid-19,
previous test positive for severe acute respiratory
syndrome coronavirus 2, and calendar month.
Among 13,956 women with ongoing preg-
nancies (of whom 5.5% were vaccinated) and
4521 women with miscarriages (of whom 5.1%
were vaccinated), the median number of days
between vaccination and miscarriage or confir-
mation of ongoing pregnancy was 19 (Fig. S2).
Among women with miscarriages, the adjusted
odds ratios for Covid-19 vaccination were 0.91

(95% confidence interval [CI], 0.75 to 1.10) for
vaccination in the previous 3 weeks and 0.81
(95% CI, 0.69 to 0.95) for vaccination in the pre-
vious 5 weeks (Table 1). The results were similar
in an analysis that included all available vaccine
types (Table S5), in an analysis stratified accord-
ing to the number of doses received (one or two)
(Table S6), and in sensitivity analyses limited to
health care personnel (for whom vaccination was
routinely recommended other than in the first
trimester) or women with at least 8 weeks of
follow-up after confirmed pregnancy (to exclude
subsequent pregnancy loss) (Table S7).

A limitation of our report is that the registry
lacks information on gestational age at the time
of early pregnancy registration, and thus we

Covid-19 Vaccination during Pregnancy
and First-Trimester Miscarriage

Differential Kinetics of Immune Responses
Elicited by Covid-19 Vaccines

Therapeutic Anticoagulation with Heparin
in Patients with Covid-19

Long-Term Complications in Youth-Onset
Type 2 Diabetes

Reframing Immune-Mediated Inflammatory
Diseases

Mobility Assessment in Older Adults

N ENGL J MED 385;21 NEJM.ORG NOVEMBER 18, 2021

The New England Journal of Medicine

Downloaded from nejm.org by ElenaMORANDINI on November 28, 2021. For persona use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.



CORRESPONDENCE

- = = | o< could not match case patients and controls ac-
o = (o= . .
3 % 3 :| 3 2| “‘g E cording to gestational age. However, most recog-
T o ©0 3 | ow nized miscarriages are known to occur between
R §S $ |85 ks 6 and 10° iod that i
So g = e T8¢ pregnancy weeks 6 an ;> a period that is
2E = |54 similar to the gestational ages at which women
[Ee] . o e .
<% in Norway consult a physician to confirm preg-
v ~= . .
3= = o | S nancy (Fig. S1). Also, only approximately 40% of
2 20O ~N « =3 . . :
.§ % 8 g T g n §§ women in Norway have a primary care appoint-
T 5 s =2 5 2 | 2= ment to confirm pregnancy, but the characteris-
2 57 ¢ s ¢ s |2k . ’ .
g Tx < g @ 3 | gq tics of these women appear to be similar to those
g 5% = S |2 of women who do not have a registered preg-
> .
o £ nancy confirmation (Table S4). We cannot ad-
= =9 . e . . .
] ¢ =S dress associations between vaccination and mis-
a 2 X N O 0 v o
> = ‘= NS X ¥ |5y carriages that were not clinically recognized.
5073 < 55 h ad f I confound
S 2 82 Although adjustment tenti
g b 22 gh adjustment for potential confounders
) = . €0 2. .
2 Z 3 55 had minimal effect on our results, the registry
§ . . . .
) =
8 g 3 g5 does not include 1nformat10n on lifestyle 'and
§° ®g 5 ¢ 2% (8 £ other factors that might confound our findings
2 §° gﬂ « ~ o 8 J’g’ (see Supplementary Appendix).
S oyp R Our study found no evidence of an increased
s o o >
[ . .
5 S8 s risk for early pregnancy loss after Covid-19 vac-
o= o o . . .
‘g < g cination and adds to the findings from other
< o . . . . .
& 2 §_§ reports supporting Covid-19 vaccination during
S 8 = a N |see regnancy.>*
v 30 o & o O 8% £ p :
s o o Y ~ = ]
S ox s 4 c 4 | 22¢ Maria C. Magnus, Ph.D.
o T L © L S v © A )
£ il \iﬁ S :;c'g S |3 8% Hakon K. Gjessing, Ph.D.
] TE b x| Y245 Helena N. Eide, M.D.
o < o = 4+ €
s =40 Norwegian Institute of Public Health
o wes Oslo, Norwa
L 5~ < s |E8% maria christiﬁe magnus@fhi.no
2| 330 ¢S o8 |Taf ' e :
2|2 o e 7 e 7 | €2%| Allen]. Wilcox, M.D., Ph.D.
2| £ own s s Q w0
2 = 2< S g e S |€28 National Institute of Environmental Health Sciences
= g '§§ & o~ & I |33 £ Durham, NC
38 5¢ 3 S | 832 | DeshayneB. Fell, Ph.D
3| 8 > ~3= eshayne B. Fell, Ph.D.
X S50 3
|4 €= School of Epidemiology and Public Health, University of Ottawa
L) - " S €
H § A = g Ottawa, ON, Canada
= @ o o~ © ;N ©
[} 1 = [J) . . o
3| £ QX O I T Siri E. Haberg, M.D., Ph.D.
© ~ ©
u;-', ° = o E 8 Norwegian Institute of Public Health
© > 5 - T2 Oslo, Norway
£ < 2w g
= S 223 Supported in part by the Research Council of Norway (project
2 g g = ber, 324312) and through its Centers of Excellence funding
= 0.2 T © O number,
,E c e 3:0 S E § ; § § scheme (project number, 262700) and by NordForsk (project
I+ S o~ o s g9V number, 105545). Dr. Magnus has received funding from the
= SN ) S 00 g g
> O o c 5= European Research Council under the European Union’s Horizon
G} x TR P b
— o £ wno 2020 research and innovation program (grant agreement num-
2 < g 5 s ber, 947684). The funders had no role in the completion of the
S < =% research project, the writing of the manuscript for publication
v c T 4 ’ s
= Q :o s 3 or the decision to submit the manuscript for publication.
() 2 SR .
" g S < z Disclosure forms provided by the authors are available with
2 @ = . v g 2% the full text of this letter at NEJM.org.
2| 5 EEEE RN
3 2 g c 2 = ¢ g8 55 c This letter was published on October 20, 2021, at NEJM.org.
S| =328 82|85 . ‘
~ | ® o 2 § w0 2 § TSso 1: Cent(?rs for Disease Control an.d Prevention. COVID-19 vac-
< - Q.
215 6 DO > 6 DO > g S o cines while pregnant or breastfeeding. August 11, 2021 (https://
E ; g E ,—E .g § www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/
% pregnancy.html).

N ENGL J MED 385;21 NEJM.ORG NOVEMBER 18, 2021

The New England Journal of Medicine
Downloaded from nejm.org by ElenaMORANDINI on November 28, 2021. For persona use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

2. National Health Service. Pregnancy, breastfeeding, fertility
and coronavirus (COVID-19) vaccination. September 2, 2021
(https://[www.nhs.uk/conditions/coronavirus-covid-19/coronavirus
-vaccination/pregnancy-breastfeeding-fertility-and-coronavirus
-covid-19-vaccination/).

3. Zauche LH, Wallace B, Smoots AN, et al. Receipt of mRNA
Covid-19 vaccines and risk of spontaneous abortion. N Engl ] Med
2021;385:1533-5.

4. Kharbanda EO, Haapala J, DeSilva M, et al. Spontaneous
abortion following COVID-19 vaccination during pregnancy.
JAMA 2021 September 8 (Epub ahead of print).

5. Mukherjee S, Velez Edwards DR, Baird DD, Savitz DA, Hart-
mann KE. Risk of miscarriage among black women and white
women in a U.S. prospective cohort study. Am J Epidemiol 2013;
177:1271-8.

DOI: 10.1056/NEJMc2114466

Differential Kinetics of Immune Responses Elicited
by Covid-19 Vaccines

TO THE EDITOR: Previous studies have shown
that the BNT162b2 (Pfizer—BioNTech), mRNA-
1273 (Moderna), and Ad26.COV2.S (Johnson &
Johnson-Janssen) vaccines provide robust pro-
tective efficacy against coronavirus disease 2019
(Covid-19). Here, we report comparative Kinetics
of humoral and cellular immune responses elicited
by the two-dose BNT162b2 vaccine (in 31 par-
ticipants), the two-dose mRNA-1273 vaccine (in
22 participants), and the one-dose Ad26.COV2.S
vaccine (in 8 participants). We evaluated anti-
body and T-cell responses from peak immunity
at 2 to 4 weeks after the second immunization
in recipients of the messenger RNA (mRNA) vac-
cines or after the first immunization in recipi-
ents of the Ad26.COV2.S vaccine to 8 months
(Table S1 in the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org).

At peak immunity, the BNT162b2 vaccine in-
duced a high median live-virus neutralizing anti-
body titer (1789), a high median pseudovirus
neutralizing antibody titer (700), and a high me-
dian binding antibody titer against the receptor-

binding domain (RBD) (21,564). However, these
titers declined sharply by 6 months after vacci-
nation, as previously reported,’? and they de-
clined further by 8 months (Figs. 1A through 1C,
§1, and S2). By 8 months after BNT162b2 vac-
cination, the median live-virus neutralizing anti-
body titer (53), pseudovirus neutralizing anti-
body titer (160), and RBD-specific binding antibody
titer (755) elicited by the vaccine were lower than
the peak titers by a factor of 34, 4, and 29, re-
spectively.

At peak immunity, the mRNA-1273 vaccine
also elicited a high median live-virus neutraliz-
ing antibody titer (5848), pseudovirus neutralizing
antibody titer (1569), and RBD-specific binding
antibody titer (25,677). By 8 months after mRNA-
1273 vaccination, the median live-virus neutral-
izing antibody titer was 133, the pseudovirus
neutralizing antibody titer was 273, and the
median RBD-specific binding antibody titer was
15406; these titers were lower than the peak titers
by a factor of 44, 6, and 17, respectively.

The Ad26.COV2.S vaccine induced substantial-

Figure 1 (facing page). Kinetics of Humoral and Cellular Inmune Responses Elicited by the BNT162b2, mRNA-1273,
and Ad26.COV2.S Vaccines.

Shown are immune responses after vaccination with BNT162b2, mRNA-1273, and Ad26.COV2.S at peak immunity
(2 to 4 weeks after the second dose in recipients of the messenger RNA vaccines or 4 weeks after one dose in re-
cipients of the Ad26.COV2.S vaccine) and at 6 months, 8 months, or both after the first dose. Panel A shows the
serum 50% inhibitory dilution (ID,) titers in the live-virus neutralizing antibody assay. Red bars indicate medians,
dashed lines the limit of detection for each assay, and each dot a single participant. Panel B shows the serum dilu-
tion for 50% reduction (NT, ) expressed in relative light units in the pseudovirus neutralizing antibody assay. Panel C
shows the binding IgG antibody titers against the receptor-binding domain (RBD) in the serum enzyme-linked im-
munosorbent assay. Intracellular cytokine-staining assays were performed to measure the percentage of interferon-y
production in T cells; Panel D shows this percentage in CD4+ T cells, and Panel E shows this percentage in CD8+
T cells. Flow cytometric gating was performed to identify T cells (which are CD3+) rather than other CD4+- or
CD8+-expressing immune cells. All assays were performed with the use of the SARS-CoV-2 WA1/2020 strain. The
Ad26.COV2.S vaccine data in Panels B through E were published previously® and are included here for comparative
purposes.
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