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Déclaration d’intérêts de 2014 à 2021

• Intérêts financiers : Aucun

• Liens durables ou permanents : Aucun

• Interventions ponctuelles : Astrazeneca, GSK, Janssen, Moderna, MSD, Pfizer, Sanofi
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Cas 1

• Homme, 38 ans
• Greffe rein il y a 12 ans 
• Ciclosporine et MMF (Cellcept®) 
• DFG 35 ml/min
• Vacciné par 2 doses de vaccin mRNA-1273
• Consulte à 1 mois de la dernière dose
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Internet 1
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Rendez-vous sur k4vote.com

Identifiez-vous avec 342AB

SMS 1
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Envoyez un SMS au +33 644 630 022

Tapez 342AB <espace> votre choix

Préparez-vous à voter

0

Cette présentation Sendsteps a été charge sans le 

add-in Sendsteps. 

Vous voulez télécharger le add-in gratuit? Rendez-vous 

sur https://dashboard.sendsteps.com/.
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Quelles sont les propositions exactes ? 

A. La probabilité de séroconversion est de 40-50%
B. Le traitement par MMF (Cellcept®) est un facteur pronostique 

de mauvaise réponse vaccinale

C. Un DGF bas est un facteur pronostique de mauvaise réponse 
vaccinale

D. L’âge est un facteur pronostique de mauvaise réponse 
vaccinale

0 0

Fermé

La question 
s'ouvrira lorsque 
vous démarrerez 
votre session et 

votre présentation.

Cette présentation Sendsteps a été charge sans le add-in Sendsteps. 
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Quelles sont les propositions exactes ? 

A.

B.

C.

D.

La probabilité de séroconversion est de 40-50%

Le traitement par MMF (Cellcept®) est un facteur 
pronostique de mauvaise réponse vaccinale

Un DGF bas est un facteur pronostique de mauvaise 
réponse vaccinale

L’âge est un facteur pronostique de mauvaise 
réponse vaccinale
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Fermé



23es JNI, Bordeaux du 15 au 17/06/2022

Quelles sont les propositions exactes ? 

a) La probabilité de séroconversion est de 40-50%
b) La probabilité de séroconversion est de 70-80%
c) Le traitement par MMF (Cellcept®) est un facteur 

pronostique de mauvaise réponse vaccinale
d) Un DGF bas est un facteur pronostique de mauvaise 

réponse vaccinale
e) L’âge est un facteur pronostique de mauvaise réponse 

vaccinale

8



23es JNI, Bordeaux du 15 au 17/06/2022

Pooled Risk ratio seroconversion
TOS 0.39 [0.32-0.46]

Hémopathies 0.63 [0.57-0.69]
MAI 0.75 [0.69-0.82]

K solide 0.90 [0.88-0.93]
PVVIH 1.00 [0.98-1.01]
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Efficacy of covid-19 vaccines in immunocompromised patients: 
systematic review and meta-analysis
Ainsley Ryan Yan Bin Lee,1 Shi Yin Wong,1 Louis Yi Ann Chai,2,3,4,5 Soo Chin Lee,6,7  
Matilda Xinwei Lee,6 Mark Dhinesh Muthiah,8,9 Sen Hee Tay,10 Chong Boon Teo,1  
Benjamin Kye Jyn Tan,1 Yiong Huak Chan,11 Raghav Sundar,3,6,12,13,14 Yu Yang Soon3,15

ABSTRACT
OBJECTIVE
To compare the e!cacy of covid-19 vaccines between 
immunocompromised and immunocompetent people.
DESIGN
Systematic review and meta-analysis.
DATA SOURCES
PubMed, Embase, Central Register of Controlled 
Trials, COVID-19 Open Research Dataset Challenge 
(CORD-19), and WHO covid-19 databases for studies 
published between 1 December 2020 and 5 November 
2021. ClinicalTrials.gov and the WHO International 
Clinical Trials Registry Platform were searched in 
November 2021 to identify registered but as yet 
unpublished or ongoing studies.
STUDY SELECTION
Prospective observational studies comparing 
the e!cacy of covid-19 vaccination in 
immunocompromised and immunocompetent 
participants.
METHODS
A frequentist random e'ects meta-analysis was 
used to separately pool relative and absolute risks 
of seroconversion a(er the )rst and second doses 
of a covid-19 vaccine. Systematic review without 
meta-analysis of SARS-CoV-2 antibody titre levels was 
performed a(er )rst, second, and third vaccine doses 
and the seroconversion rate a(er a third dose. Risk of 
bias and certainty of evidence were assessed.
RESULTS
82 studies were included in the meta-analysis. Of 
these studies, 77 (94%) used mRNA vaccines, 16 
(20%) viral vector vaccines, and 4 (5%) inactivated 

whole virus vaccines. 63 studies were assessed to 
be at low risk of bias and 19 at moderate risk of bias. 
A(er one vaccine dose, seroconversion was about 
half as likely in patients with haematological cancers 
(risk ratio 0.40, 95% con)dence interval 0.32 to 
0.50, I2=80%; absolute risk 0.29, 95% con)dence 
interval 0.20 to 0.40, I2=89%), immune mediated 
inflammatory disorders (0.53, 0.39 to 0.71, I2=89%; 
0.29, 0.11 to 0.58, I2=97%), and solid cancers (0.55, 
0.46 to 0.65, I2=78%; 0.44, 0.36 to 0.53, I2=84%) 
compared with immunocompetent controls, whereas 
organ transplant recipients were 16 times less likely 
to seroconvert (0.06, 0.04 to 0.09, I2=0%; 0.06, 0.04 
to 0.08, I2=0%). A(er a second dose, seroconversion 
remained least likely in transplant recipients (0.39, 
0.32 to 0.46, I2=92%; 0.35, 0.26 to 0.46), with only a 
third achieving seroconversion. Seroconversion was 
increasingly likely in patients with haematological 
cancers (0.63, 0.57 to 0.69, I2=88%; 0.62, 0.54 
to 0.70, I2=90%), immune mediated inflammatory 
disorders (0.75, 0.69 to 0.82, I2=92%; 0.77, 0.66 
to 0.85, I2=93%), and solid cancers (0.90, 0.88 
to 0.93, I2=51%; 0.89, 0.86 to 0.91, I2=49%). 
Seroconversion was similar between people with HIV 
and immunocompetent controls (1.00, 0.98 to 1.01, 
I2=0%; 0.97, 0.83 to 1.00, I2=89%). Systematic review 
of 11 studies showed that a third dose of a covid-19 
mRNA vaccine was associated with seroconversion 
among vaccine non-responders with solid cancers, 
haematological cancers, and immune mediated 
inflammatory disorders, although response was 
variable in transplant recipients and inadequately 
studied in people with HIV and those receiving non-
mRNA vaccines.
CONCLUSION
Seroconversion rates a(er covid-19 vaccination were 
signi)cantly lower in immunocompromised patients, 
especially organ transplant recipients. A second 
dose was associated with consistently improved 
seroconversion across all patient groups, albeit at 
a lower magnitude for organ transplant recipients. 
Targeted interventions for immunocompromised 
patients, including a third (booster) dose, should be 
performed.
SYSTEMATIC REVIEW REGISTRATION
PROSPERO CRD42021272088.

Introduction
Transmission of SARS-CoV-2 has led to the ongoing 
global covid-19 pandemic. By November 2021, 
more than 250 million have had confirmed covid-19 
and more than four million have died worldwide. 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Immunocompromised patients show lower seroconversion rates than 
immunocompetent people a(er vaccination, such as with the influenza vaccine
Less is known about the response to covid-19 vaccines, particularly mRNA based 
vaccines

WHAT THIS STUDY ADDS
Seroconversion rates a(er covid-19 vaccination were found to be reduced 
among all immunocompromised groups, except people with HIV, but signi)cantly 
increased a(er the second dose; in organ transplant recipients seroconversion 
remained severely reduced even a(er a second dose
Among the immunocompromised groups studied, antibody titres were lower than 
in immunocompetent controls
These )ndings suggest that a third dose of covid-19 vaccine would be e!cacious 
in immunocompromised patients
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had a pooled risk ratio of 0.53 (95% confidence 
interval 0.39 to 0.71). See supplementary tables 2 and 
3 for details of the studies.

Lower antibody titres were seen after a first 
vaccine dose among patients with immune mediated 
inflammatory disorders. Rubbert-Roth et al found that 
the antibody titres of 51 patients with rheumatoid 
arthritis (median 0.4 U/mL, interquartile range 
0.4-2.13 U/mL) were much lower than those of 20 
immunocompetent controls (99.2 U/mL, 24.8-172 U/
mL), of 248-fold.89 Medeiros-Ribeiro et al showed a 
less significant decrease in 859 patients with immune 
mediated inflammatory disorders (median 5.1 AU/mL, 
interquartile range 4.7-5.5 AU/mL) compared with 179 
immunocompetent controls (10.3 AU/mL, 8.5-12.5 
AU/mL), of 2.02-fold.93

Patients with immune mediated inflammatory 
disorders: second dose
Seventeen studies also reported seroconversion rates 
among patients with immune mediated inflammatory 
disorders after a second dose of covid-19 vaccine (fig 

4). Data from 2668 patients compared with 1296 
immunocompetent controls showed that the patients 
had a pooled risk ratio of 0.75 (95% confidence 
interval 0.69 to 0.82). See supplementary tables 2 and 
4 for details of the studies.

Achiron et al reported the greatest and smallest 
reduction in antibody titres among patients with 
immune mediated inflammatory disorders, which 
provided insights into the impact of individual 
immunosuppressive agents on antibody titres in 
patients with multiple sclerosis within a median range 
of 2.3-6.3 months after a second vaccine dose.99 The 
greatest reductions in antibody titres were seen at 23.7-
fold, 35.5-fold, and 8.88-fold for the 42 patients taking 
fingolimod (median 0.3, 95% confidence interval 0.3 
to 0.7), 114 patients taking ocrelizumab (0.2, 0.6 to 
1.2), and six patients taking rituximab (0.8, 0.7 to 5.2) 
compared with 89 immunocompetent controls (7.1, 
6.2 to 7.1). The smallest reductions were 1.01-fold 
among 22 patients taking alemtuzumab (7.0, 5.7 to 
8.3), 1.08-fold among 48 patients taking cladribine 
(6.6, 5.7 to 6.8), 0.93-fold among 35 patients taking 
dimethyl fumarate (7.6, 7.1 to 7.9), 0.97-fold among 32 
patients taking natalizumab (7.3, 6.6 to 7.8), and 1.04-
fold among 39 patients taking teriflunomide (6.8, 6.1 
to 7.2) compared with the same 89 immunocompetent 
controls.

Seroconversion rates in patients with immune 
mediated inflammatory disorders were reduced after 
both doses, with a significant increase of 1.42 times 
between the first and second dose (pooled risk ratio 
0.53, 95% confidence interval 0.39 to 0.71 and 0.75, 
0.69 to 0.82, respectively).

Organ transplant recipients: !rst dose
Six studies reported seroconversion in 540 
organ transplant recipients compared with 266 
immunocompetent controls after a first dose of covid-19 
vaccine (fig 2). The reduction in seroconversion rates 
was significant (pooled risk ratio 0.06, 0.04 to 0.09) 
and largely homogenous between studies (I2=0%). See 
supplementary tables 2 and 3 for details of the studies.

Canti et al reported the most significant reduction 
in antibody titres, of 64.2-fold among 37 transplant 
recipients (median 6 IU/mL, interquartile range 2.5-
77.5 IU/mL) compared with 40 immunocompetent 
controls (median 385.4 IU/mL, interquartile range 
148.2-554.7 IU/mL) after the first dose.

Organ transplant recipients: second dose
Across 24 studies, when data were pooled for 
3051 transplant organ recipients and 1679 
immunocompetent controls, a strong risk for non-
seroconversion was observed, with the lowest pooled 
risk ratio being 0.39 (0.32 to 0.46). See supplementary 
tables 2 and 4 for details of the studies.

Narasimhan et al reported the greatest difference in 
antibody titres between organ transplant recipients 
and immunocompetent controls: 1.7 AU/mL (95% 
confidence interval 0.6 to 7.5 AU/mL) and 14209 
AU/mL (11261 to 18836 AU/mL), respectively, with 

Table 1 | Characteristics of studies included in meta-analysis
Characteristics No (%) (n=82)
Morbidity*
Solid cancers 18 (22)
Haematological cancers 21 (26)
Immune mediated inflammatory disorders 17 (21)
Organ transplants 26 (32)
HIV/AIDS 4 (5)
Vaccine dose
First 35 (43)
Second 73 (89)
Country
Israel 18 (22)
Germany 12 (15)
USA 11 (13)
Greece 9 (11)
UK 7 (9)
France 7 (9)
Italy 5 (6)
Belgium 2 (2)
Brazil 2 (2)
Switzerland 2 (2)
South Africa 1 (1)
Netherlands 1 (1)
Austria 1 (1)
Spain 1 (1)
Thailand 1 (1)
Turkey 1 (1)
Poland 1 (1)
Vaccine types
mRNA:
 BNT162b2 (P*zer-BioNTech) and mRNA-1273 (Moderna) 77 (94); only mRNA vaccines in 66 (80)
Non-replicating viral vector:
 AZD1222 (ChAdOx1 nCoV-19; Oxford-AstraZeneca) 16 (20); sole vaccine in 1 (1)
 Ad26.COV2.S (Janssen/Johnson & Johnson)† 1 (1)
Inactivated:
 CoronaVac (Sinovac Biotech) 4 (5)
At the time of the studies, recommended vaccine regimens included two vaccine doses, except for Ad26.COV2.S 
(Janssen/Johnson & Johnson), which only required one dose. The current meta-analysis further strati*ed results 
according to seroconversion and antibody titres a,er a *rst dose and second dose.
*Study by Rahav et al27 included patients with solid cancers, haematological cancers, immune mediated 
inflammatory disorders, organ transplants, and HIV/AIDS. Study by Monin et al28 included patients with solid 
cancers and haematological cancers.
†Vaccine used in only 3/289 (1%) immunocompetent controls in study by Boekel et al.29
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Réponse humorale après 2 doses de vaccins ARNm
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306 TOS (Rein), Israël
2 doses BNT161b2

Titre Ac anti-Spike (Abbott) 2-4 semaines
64% non répondeurs

solid-organ transplant recipients compared to healthy subjects
[2,6,7]. Factors associated with this reduced response included the
use of tacrolimus as well as mycophenolic acid; the latter inhibits B-
cell function and has been documented to influence antibody
response to influenza vaccine in a dose-dependent manner [7,8].
Chronic kidney disease is associated with impaired innate and
adaptive immunity, and inadequate antibody production after
vaccination has been reported in this population [9].

A trend for lower rate of antibody response was observed in our
cohort among recipients vaccinated during the first 3 months
following transplantation, and among recipients treated with high-
dose corticosteroids or rituximab. However, the numbers were too
small to draw conclusions.

Although the correlation between antibody levels after vacci-
nation and clinical protection has not yet been proven, evidence is
accumulating to support antibody response as a potential correlate
of disease protection [10]. In addition, using the SARS-CoV-2 IgG II
Quant assay in non-immunocompromised haemodialysis patients,
we found ~90% seropositivity [11].

Limitations of our study include lack of cellular immunity testing
and/or neutralizing antibody testing. As maintenance immunosup-
pressive therapy for prevention of organ rejection is aimed at T-cell
suppression, a reduced T-cell response to vaccination among kidney
transplant recipients could be expected, although this will have to
be evaluated in future studies. Regarding neutralizing antibody
testing, strong correlation has been reported between anti-S anti-
body titres and neutralization antibody levels following BNT162b2
vaccine [12].

Several strategies have been suggested to improve immunoge-
nicity in response to BNT162b2. These include a third booster dose
of BNT162b2 [13], serology-based vaccine dosing [14], or a heter-
ologous primeeboost combination (i.e. mixing different vaccine
types) [15]. Transplant centres may consider either of these strate-
gies, with a possible immunosuppression reduction prior to vacci-
nation, taking into consideration the individual risk of rejection. In a
previous cohort of kidney transplant recipients, temporary reduc-
tion of immunosuppression during sepsis was not associated with
an increased risk of rejection or long-term graft failure [16].
Nevertheless, no data are currently available to support any of these
strategies, and adequately designed clinical trials are needed to
evaluate their role in augmenting immunogenicity. Studies should

also assess immunogenicity in transplant candidates, considering
according to the results a recommendation to complete vaccination
series prior to transplantation.

Author contributions

BRZ, RR, DY, TA, and BZ conceptualized and participated in the
design of the study. Conductance of the study and data collection
were performed by RR, TM, TA, BZ, EN, AA, and NT. HBZ conducted
the microbiological analyses. Data analysis was performed by RR,
BRZ and DY. RR, BRZ, NT, AA, and DY drafted the initial manuscript
and all authors revised subsequent drafts. All authors read and
approved the final manuscript for submission.

Transparency declaration

The authors declare that they have no conflicts of interest. No
external funding was received for this work.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2021.04.028.

References

[1] Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA, et al. BNT162b2
mRNA COVID-19 vaccine in a nationwide mass vaccination setting. N Engl J
Med 2021;384:1412e23.

[2] Eckerle I, Rosenberger KD, Zwahlen M, Junghanss T. Serologic vaccination
response after solid organ transplantation: a systematic review. PLoS One
2013;8:e56974.

[3] American Society of Transplantation. American society of transplantation
COVID-19 vaccination guidance. 2020. Available from: https://www.myast.
org/sites/default/files/ASTCOVID-info.pdf [cited 19th February 2021].

[4] Abbott laboratories. SARS-CoV-2 IgG II Quant. 2020. Available from: https://
www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/
sars-cov-2 [cited 24th February 2021].

[5] Boyarsky BJ, Werbel WA, Avery RK, Tobian AAR, Massie AB, Segev DL, et al.
Immunogenicity of a single dose of SARS-CoV-2 messenger RNA vaccine in
solid organ transplant recipients. JAMA 2021:e214385. https://doi.org/
10.1001/jama.2021.4385.

[6] Birdwell KA, Ikizler MR, Sannella EC, Wang L, Byrne DW, Ikizler TA, et al.
Decreased antibody response to influenza vaccination in kidney transplant
recipients: a prospective cohort study. Am J Kidney Dis 2009;54:112e21.

Table 2
Factors associated with adequate antibody responsea by univariate and multivariate analyses

Variable Univariate Multivariate

Odds ratio (OR) 95%CI for OR p OR 95%CI for OR p

Younger age (per year decrease) 1.032 1.015 1.050 <0.001 1.038 1.018 1.059 <0.001
Female gender 0.764 0.468 1.248 0.282 d d d d

Time from transplantation (per year) 0.999 0.969 1.030 0.949 d d d d

Living donor 1.606 0.909 2.839 0.103 d d d d

eGFR (per mL/min/1.73 m2 increase) 1.025 1.014 1.037 <0.001 1.032 1.018 1.045 <0.001
eGFR <60 mL/min/1.73 m2 0.393 0.243 0.637 <0.001 d d d d

Diabetes mellitus 0.643 0.336 1.230 0.182 d d d d

Time from second vaccine dose (per day) 0.993 0.969 1.018 0.575 d d d d

BMI (per kg/m2) 0.995 0.946 1.047 0.852 d d d d

Lower mycophenolic acid dose (per 360 mg decrease) 1.763 1.422 2.187 <0.001 2.347 1.782 3.089 <0.001
Cyclosporine yes/no 0.928 0.381 2.263 0.870 d d d d

No mTOR inhibitor 0.907 0.397 2.072 0.816 2.870 1.058 7.781 0.038
Low CNI levelb 1.865 1.164 2.990 0.010 1.987 1.146 3.443 0.014
High-dose CSb 0.293 0.098 0.873 0.028 d d d d

Treatment with ATGb 0.463 0.126 1.696 0.245 d d d d

Odds ration > 1 indicates adequate association with antibody response. eGFR, estimated glomerular filtration rate; BMI, body mass index; mTOR, mammalian target of
rapamycin; CNI, calcineurin inhibitors; ATG, antithymocyte globulin; CS, corticosteroids.

a Adequate antibody response was defined as IgG !50 AU/mL using the SARS-CoV-2 IgG II Quant (Abbott©) assay.
b Low CNI level was defined as "7 ng/mL for tacrolimus and "150 ng/mL for cyclosporine; high-dose CS was defined as intravenous methyl prednisolone (dose at least 250

mg) in the previous 6 months before the first vaccine dose; treatment with ATG was defined as any dosage in the last year before the first vaccine dose.

B. Rozen-Zvi et al. / Clinical Microbiology and Infection 27 (2021) 1173.e1e1173.e4 1173.e3

Facteurs associés réponse humorale 2 doses ARNm
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Quelles sont les propositions exactes concernant ce patient ? 
dans l’état actuel de son schéma vaccinal

A. Le risque d’échec vaccinal est élevé
B. L’efficacité vaccinale contre une forme sévère de Covid-19 est 

de 80-90%

C. Il y a une indication à réaliser une 3ème dose de vaccin
D. Il est préférable de réaliser une 3ème dose hétérologue
E. Le taux d’anticorps après une 2ème dose est prédictif de la 

réponse à une 3ème dose

0 0

Fermé

La question 
s'ouvrira lorsque 
vous démarrerez 
votre session et 

votre présentation.
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Quelles sont les propositions exactes concernant ce patient ? 
dans l’état actuel de son schéma vaccinal

A.

B.

C.

D.

E.

Le risque d’échec vaccinal est élevé

L’efficacité vaccinale contre une forme sévère de Covid-19 est de 
80-90%

Il y a une indication à réaliser une 3ème dose de vaccin

Il est préférable de réaliser une 3ème dose hétérologue

Le taux d’anticorps après une 2ème dose est prédictif de la réponse 
à une 3ème dose

0,0%

0,0%

0,0%

0,0%

0,0%

Fermé
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Echec vaccinaux « Breakthrough infections » 
après 2 doses ARNm

National Covid Cohort Collaborative (N3C), USA : 664 722 patients dont 35 500 ID
Décembre 2020 – Septembre 2021 ([BNT162b2], [mRNA-1273], [Ad26.COV2])
Incidence infection chez complétement vaccinés = 5/1000 personnes-mois

Older age, female sex, and a higher number of comorbidi-
ties were significantly associated with a higher likelihood of
breakthrough infection. Specifically, risk for breakthrough in-
fection increased by 30% to 40% among patients 30 years or
older compared with those aged 18 to 29 years. Although risk
for a breakthrough infection increased with greater number
of comorbidities, this risk was associated with and notably at-
tenuated by immune dysfunction status (Table 3, model 1 vs
model 2).

Breakthrough Infection in People
With Immune Dysfunction
Compared with people without immune dysfunction (Table 2
and Table 3), those with immune dysfunction had a higher rate
of breakthrough infection after receiving partial or full vacci-
nation. The difference is more noticeable in the period after
the Delta variant became dominant (Table 2). Specifically,
among individuals with full vaccination, the IR of break-
through infection was 7.1 (95% CI, 7.1-7.2) per 1000 person-
months for people without immune dysfunction vs 9.1 (95%
CI, 8.8-9.4) per 1000 person-months for HIV infection, 8.9
(95% CI, 8.4-9.3) per 1000 person-months for MS, 9.3 (95% CI,
9.1-9.6) per 1000 person-months for RA, 15.7 (95% CI, 15.1-
16.4) per 1000 person-months for SOT, and 8.6 (95% CI, 8.0-
9.1) per 1000 person-months for BMT. Furthermore, HIV in-
fection (AIRR, 1.33; 95% CI, 1.18-1.49), RA (AIRR, 1.20; 95% CI,
1.09-1.32), and SOT (AIRR, 2.16; 95% CI, 1.96-2.38) were inde-
pendently associated with increased breakthrough infection
rate (Table 3). Individuals with vs without prevaccination
COVID-19 diagnosis had a 56% reduced risk for a break-
through infection (AIRR, 0.44; 95% CI, 0.40-0.48). All asso-

ciations were independent of demographic characteristics,
geographic region, and comorbidity burden. Overall, sensitiv-
ity analyses that evaluated no 14-day lag period, excluded can-
cer and other rheumatic diseases, and excluded previous
COVID-19 diagnosis yielded results similar to those in pri-
mary analyses (eTable 2 in Supplement 1).

The median (IQR) time from full vaccination to break-
through infection was 138 (85-178) days. Overall, 1.2% of pa-
tients had a breakthrough infection in 3 months and 2.8% con-
tracted it in 6 months after completing vaccination. Compared
with patients without immune dysfunction, patients with im-
mune dysfunction conditions, especially patients with HIV in-
fection or recipients of SOT or BMT, had substantially faster
time to breakthrough infection (Figure 1; eTable 3 in Supple-
ment 1). Specifically, more than 6% of SOT recipients con-
tracted a breakthrough infection in 6 months. More than
50% of the breakthrough infections among patients with HIV
infection or recipients of BMT or SOT occurred within the first
4 months of full vaccination.

Compared with the 2 111 515 prevaccination COVID-19
cases in the N3C sample, COVID-19 outcomes within 45 days
of diagnosis were less severe for the breakthrough infection
cases (Figure 2). Among COVID-19 cases without immune
dysfunction, the proportions with inpatient hospitalization
and severe outcomes were lower among breakthrough cases
compared with prevaccination cases (16.0% vs 24.4%).
Patients with immune dysfunction had higher levels of
severity but also experienced a notable decline in severity,
especially those with severe outcomes from prevaccination
to breakthrough infection (6.3% [n = 4486 of 71 365] vs 3.3%
[n = 50 of 1538]).

Table 2. COVID-19 Breakthrough Infection Among Patients With Immune Dysfunction

Patient group

Pre–Delta variant period Post–Delta variant period

Total
person-months

No. of
breakthrough
infection cases

Incidence rate
per 1000
person-months (95% CI)a

Total
person-months

No. of
breakthrough
infection cases

Incidence rate
per 1000
person-months (95% CI)a

Partial vaccination

Overall 553 478 2165 2.9 (2.9-2.9) 218 443 1562 9.6 (9.5-9.7)

No immune dysfunction 524 821 2007 2.8 (2.8-2.9) 205 139 1433 9.3 (9.2-9.4)

HIV infection 7010 37 3.6 (3.6-3.7) 3354 26 11.9 (11.4-12.4)

MS 2418 <20b 3.5 (3.5-3.6) 954 <20b 11.6 (10.8-12.4)

RA 10 718 46 3.7 (3.7-3.8) 4003 27 12.2 (11.8-12.6)

SOT 7007 66 6.3 (6.2-6.4) 4164 55 20.6 (19.4-21.8)

BMT 1503 <20b 3.4 (3.3-3.5) 829 <20b 11.2 (10.3-12.2)

Full vaccination

Overall 1 501 418 2808 2.2 (2.2-2.2) 2 162 800 16 382 7.3 (7.3-7.4)

No immune dysfunction 1 423 568 2484 2.2 (2.2-2.2) 2 053 050 15 255 7.1 (7.1-7.2)

HIV infection 17 336 45 2.8 (2.8-2.8) 26 844 250 9.1 (8.8-9.4)

MS 6568 <20b 2.7 (2.7-2.8) 9644 85 8.9 (8.4-9.3)

RA 32 847 103 2.8 (2.8-2.9) 43 044 408 9.3 (9.1-9.6)

SOT 17 314 137 4.8 (4.7-4.9) 24 647 343 15.7 (15.1-16.4)

BMT 3786 21 2.6 (2.6-2.7) 5581 41 8.6 (8.0-9.1)

Abbreviations: BMT, bone marrow transplantation; MS, multiple sclerosis;
N3C, National COVID Cohort Collaborative; RA, rheumatoid arthritis; SOT, solid
organ transplant.
a Estimated incidence rate was based on unadjusted Poisson regression model.

b N3C policy requires all cells that contain fewer than 20 persons to be reported
as <20.
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Older age, female sex, and a higher number of comorbidi-
ties were significantly associated with a higher likelihood of
breakthrough infection. Specifically, risk for breakthrough in-
fection increased by 30% to 40% among patients 30 years or
older compared with those aged 18 to 29 years. Although risk
for a breakthrough infection increased with greater number
of comorbidities, this risk was associated with and notably at-
tenuated by immune dysfunction status (Table 3, model 1 vs
model 2).

Breakthrough Infection in People
With Immune Dysfunction
Compared with people without immune dysfunction (Table 2
and Table 3), those with immune dysfunction had a higher rate
of breakthrough infection after receiving partial or full vacci-
nation. The difference is more noticeable in the period after
the Delta variant became dominant (Table 2). Specifically,
among individuals with full vaccination, the IR of break-
through infection was 7.1 (95% CI, 7.1-7.2) per 1000 person-
months for people without immune dysfunction vs 9.1 (95%
CI, 8.8-9.4) per 1000 person-months for HIV infection, 8.9
(95% CI, 8.4-9.3) per 1000 person-months for MS, 9.3 (95% CI,
9.1-9.6) per 1000 person-months for RA, 15.7 (95% CI, 15.1-
16.4) per 1000 person-months for SOT, and 8.6 (95% CI, 8.0-
9.1) per 1000 person-months for BMT. Furthermore, HIV in-
fection (AIRR, 1.33; 95% CI, 1.18-1.49), RA (AIRR, 1.20; 95% CI,
1.09-1.32), and SOT (AIRR, 2.16; 95% CI, 1.96-2.38) were inde-
pendently associated with increased breakthrough infection
rate (Table 3). Individuals with vs without prevaccination
COVID-19 diagnosis had a 56% reduced risk for a break-
through infection (AIRR, 0.44; 95% CI, 0.40-0.48). All asso-

ciations were independent of demographic characteristics,
geographic region, and comorbidity burden. Overall, sensitiv-
ity analyses that evaluated no 14-day lag period, excluded can-
cer and other rheumatic diseases, and excluded previous
COVID-19 diagnosis yielded results similar to those in pri-
mary analyses (eTable 2 in Supplement 1).

The median (IQR) time from full vaccination to break-
through infection was 138 (85-178) days. Overall, 1.2% of pa-
tients had a breakthrough infection in 3 months and 2.8% con-
tracted it in 6 months after completing vaccination. Compared
with patients without immune dysfunction, patients with im-
mune dysfunction conditions, especially patients with HIV in-
fection or recipients of SOT or BMT, had substantially faster
time to breakthrough infection (Figure 1; eTable 3 in Supple-
ment 1). Specifically, more than 6% of SOT recipients con-
tracted a breakthrough infection in 6 months. More than
50% of the breakthrough infections among patients with HIV
infection or recipients of BMT or SOT occurred within the first
4 months of full vaccination.

Compared with the 2 111 515 prevaccination COVID-19
cases in the N3C sample, COVID-19 outcomes within 45 days
of diagnosis were less severe for the breakthrough infection
cases (Figure 2). Among COVID-19 cases without immune
dysfunction, the proportions with inpatient hospitalization
and severe outcomes were lower among breakthrough cases
compared with prevaccination cases (16.0% vs 24.4%).
Patients with immune dysfunction had higher levels of
severity but also experienced a notable decline in severity,
especially those with severe outcomes from prevaccination
to breakthrough infection (6.3% [n = 4486 of 71 365] vs 3.3%
[n = 50 of 1538]).

Table 2. COVID-19 Breakthrough Infection Among Patients With Immune Dysfunction

Patient group

Pre–Delta variant period Post–Delta variant period

Total
person-months

No. of
breakthrough
infection cases

Incidence rate
per 1000
person-months (95% CI)a

Total
person-months

No. of
breakthrough
infection cases

Incidence rate
per 1000
person-months (95% CI)a

Partial vaccination

Overall 553 478 2165 2.9 (2.9-2.9) 218 443 1562 9.6 (9.5-9.7)

No immune dysfunction 524 821 2007 2.8 (2.8-2.9) 205 139 1433 9.3 (9.2-9.4)

HIV infection 7010 37 3.6 (3.6-3.7) 3354 26 11.9 (11.4-12.4)

MS 2418 <20b 3.5 (3.5-3.6) 954 <20b 11.6 (10.8-12.4)

RA 10 718 46 3.7 (3.7-3.8) 4003 27 12.2 (11.8-12.6)

SOT 7007 66 6.3 (6.2-6.4) 4164 55 20.6 (19.4-21.8)

BMT 1503 <20b 3.4 (3.3-3.5) 829 <20b 11.2 (10.3-12.2)

Full vaccination

Overall 1 501 418 2808 2.2 (2.2-2.2) 2 162 800 16 382 7.3 (7.3-7.4)

No immune dysfunction 1 423 568 2484 2.2 (2.2-2.2) 2 053 050 15 255 7.1 (7.1-7.2)

HIV infection 17 336 45 2.8 (2.8-2.8) 26 844 250 9.1 (8.8-9.4)

MS 6568 <20b 2.7 (2.7-2.8) 9644 85 8.9 (8.4-9.3)

RA 32 847 103 2.8 (2.8-2.9) 43 044 408 9.3 (9.1-9.6)

SOT 17 314 137 4.8 (4.7-4.9) 24 647 343 15.7 (15.1-16.4)

BMT 3786 21 2.6 (2.6-2.7) 5581 41 8.6 (8.0-9.1)

Abbreviations: BMT, bone marrow transplantation; MS, multiple sclerosis;
N3C, National COVID Cohort Collaborative; RA, rheumatoid arthritis; SOT, solid
organ transplant.
a Estimated incidence rate was based on unadjusted Poisson regression model.

b N3C policy requires all cells that contain fewer than 20 persons to be reported
as <20.

Association Between Immune Dysfunction and Breakthrough COVID-19 Infection After Vaccination Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online December 28, 2021 E5

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 01/04/2022

Discussion

Leveraging real-world data from 664 722 persons who were
vaccinated against SARS-CoV-2 in the US, we observed that
COVID-19 breakthrough infection occurred infrequently af-
ter full vaccination but was notably more common than the
CDC surveillance estimates.9 We believe the findings confirm
that individuals with varied immune dysfunction conditions
had higher breakthrough infection rate. Although the break-
through infection rate tripled after the emergence of the Delta
variant, breakthrough cases tended to be substantially less
severe compared with prevaccination COVID-19 cases, regard-

less of a person’s immune status. In addition, we believe that
the data confirmed that SARS-CoV-2 vaccinations have been
highly successful and emphasized the importance of full
vaccination for preventing breakthrough infection. This ben-
efit is apparent, regardless of immune status, although intact
immune function is associated with maximum protection.

Persons living with HIV or undergoing immunosuppres-
sant treatment (patients with RA and SOT recipients) had a sig-
nificantly higher risk for breakthrough infection, independent
of older age, female sex, and comorbidity burden. Break-
through infection occurred substantially faster among per-
sons with immune dysfunction compared with the general
population. Although the risk estimates for MS and BMT groups

Table 3. Association of Demographic and Clinical Characteristics With COVID-19 Breakthrough Infectiona

Variable

AIRR (95% CI)

Model 1b Model 2c

Immune dysfunction group

No immune dysfunction NA 1 [Reference]

HIV infection NA 1.33 (1.18-1.49)

MS NA 1.12 (0.93-1.35)

RA NA 1.20 (1.09-1.32)

SOT NA 2.16 (1.96-2.38)

BMT NA 1.09 (0.85-1.40)

Vaccination

Partial 1 [Reference] 1 [Reference]

Full 0.71 (0.67-0.76) 0.72 (0.68-0.76)

Period after June 20, 2021d 3.46 (3.23-3.72) 3.46 (3.23-3.70)

COVID-19 diagnosis before vaccination 0.46 (0.42-0.51) 0.44 (0.40-0.48)

Geographic region

Northeast 1 [Reference] 1 [Reference]

Midwest 0.97 (0.85-1.12) 0.98 (0.86-1.12)

West 1.27 (1.13-1.42) 1.28 (1.15-1.42)

South 1.21 (1.07-1.37) 1.22 (1.08-1.36)

Age group, y

<18 0.78 (0.69-0.87) 0.78 (0.70-0.88)

18-29 1 [Reference] 1 [Reference]

30-49 1.40 (1.27-1.54) 1.39 (1.26-1.53)

50-64 1.32 (1.21-1.43) 1.31 (1.20-1.42)

≥65 1.38 (1.25-1.52) 1.40 (1.27-1.53)

Female sex 1 [Reference] 1 [Reference]

Male sex 0.95 (0.90-1.01) 0.95 (0.89-1.00)

Race and ethnicitye

AAPI 0.81 (0.73-0.89) 0.81 (0.73-0.89)

Hispanic 1.00 (0.93-1.07) 0.99 (0.93-1.06)

Non-Hispanic

White 1 [Reference] 1 [Reference]

Black 0.75 (0.69-0.81) 0.75 (0.69-0.80)

Otherf 0.92 (0.85-0.99) 0.91 (0.84-0.98)

No. of comorbidities

0 1 [Reference] 1 [Reference]

1 1.04 (0.97-1.13) 1.03 (0.96-1.11)

2 1.09 (1.00-1.19) 1.05 (0.97-1.14)

≥3 1.11 (1.01-1.22) 1.02 (0.85-1.12)

Abbreviations: AAPI, Asian
American/Pacific Islander;
AIRR, adjusted incidence rate ratio;
BMT, bone marrow transplantation;
MS, multiple sclerosis; NA, not
applicable; RA, rheumatoid arthritis;
SOT, solid organ transplant.
a Breakthrough infection was defined

as a COVID-19 infection that was
contracted on or after the 14th day
of SARS-CoV-2 vaccination.

b Estimated with multivariable
Poisson regression, adjusting for
a study period (pre– or post–Delta
variant period, after Delta became
the primary strain of SARS-CoV-2
in the US); full vaccination status;
COVID-19 infection before
vaccination; age, sex, and race and
ethnicity; comorbid conditions
(0, 1, 2, !3); and geographic region
of study site.

c Calculated with multivariable
Poisson regression, adjusting for
covariates in model 1 and immune
dysfunction group.

d Period was defined on the first day
the Centers for Disease Control and
Prevention reported that the Delta
variant accounted for more than
50% of the COVID-19 cases in
the US.

e Race and ethnicity were
self-identified in the electronic
medical record of the partner sites.

f Other category included multiple,
unknown, or self-reported other
race and ethnicity.
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TABLE 2. Two-dose mRNA COVID-19 vaccine effectiveness* against laboratory-confirmed COVID-19–associated hospitalization† among 
immunocompetent and immunocompromised adults aged ≥18 years, by age group and vaccine — nine states,§ January–September 2021

Age group, yrs, vaccine Total no. of adults
SARS-CoV-2–positive test result,  

no. (row %)
VE,¶  

% (95% CI)

≥18, any mRNA COVID-19 vaccine
Immunocompetent (n = 69,116)
Unvaccinated 39,660 9,853 (24.8) Ref
Vaccinated with 2 doses** 29,456 1,108 (3.8) 90 (89–91)
Immunocompromised†† (n = 20,101)
Unvaccinated 9,537 1,127 (11.8) Ref
Vaccinated with 2 doses** 10,564 410 (3.9) 77 (74–80)
18–64, any mRNA COVID-19 vaccine
Immunocompetent (n = 29,560)
Unvaccinated 21,494 6,243 (29.1) Ref
Vaccinated with 2 doses** 8,066 288 (3.6) 93 (92–94)
Immunocompromised†† (n = 6,815)
Unvaccinated 4,232 544 (12.8) Ref
Vaccinated with 2 doses** 2,583 108 (4.2) 80 (74–84)
≥65, any mRNA COVID-19 vaccine
Immunocompetent (n = 39,556)
Unvaccinated 18,166 3,610 (19.9) Ref
Vaccinated with 2 doses** 21,390 820 (3.8) 87 (86–88)
Immunocompromised†† (n = 13,286)
Unvaccinated 5,305 583 (11) Ref
Vaccinated with 2 doses** 7,981 302 (3.8) 75 (70–79)
≥18, Moderna (mRNA-1273) vaccine
Immunocompetent (n = 52,001)
Unvaccinated 39,660 9,853 (24.8) Ref
Vaccinated with 2 doses** 12,341 357 (2.9) 93 (92–94)
Immunocompromised†† (n = 13,874)
Unvaccinated 9,537 1,127 (11.8) Ref
Vaccinated with 2 doses** 4,337 138 (3.2) 81 (76–85)
≥18, Pfizer-BioNTech (BNT162b2) vaccine
Immunocompetent (n = 56,775)
Unvaccinated 39,660 9,853 (24.8) Ref
Vaccinated with 2 doses** 17,115 751 (4.4) 88 (86–89)
Immunocompromised†† (n = 15,764)
Unvaccinated 9,537 1,127 (11.8) Ref
Vaccinated with 2 doses** 6,227 272 (4.4) 71 (65–76)

Abbreviations: CI = confidence interval; ICD-9 = International Classification of Diseases, Ninth Revision; ICD-10 = International Classification of Diseases, Tenth Revision; 
Ref = referent group; VE = vaccine effectiveness.
 * VE was estimated using a test-negative design, adjusted for age, geographic region, calendar time (days since January 1, 2021), and local virus circulation (percentage 

of SARS-CoV-2–positive results from testing within the counties surrounding the facility on the date of the hospitalization) and weighted for inverse propensity 
to be vaccinated or unvaccinated (calculated separately for each VE estimate) using sociodemographic characteristics, underlying medical conditions, known 
previous SARS-CoV-2 infection, and hospital characteristics, in addition to age, geographic region, calendar time, and local virus circulation.

 † Hospitalizations with a discharge code consistent with COVID-19–like illness were included, such as acute respiratory illness (e.g., COVID-19, respiratory failure, or pneumonia) 
or related signs or symptoms (cough, fever, dyspnea, vomiting, or diarrhea), using diagnosis codes from ICD-9 and ICD-10. Clinician-ordered molecular assays (e.g., real-
time reverse transcription–polymerase chain reaction test) for SARS-CoV-2 occurring ≤14 days before to <72 hours after hospital admission were included.

 § Partners contributing data on hospitalizations were in California (range of earliest to latest hospitalization: March 1–September 5), Colorado (January 22–August 31), 
Indiana (January 22–September 5), Minnesota and Wisconsin (January 17–August 18), New York (January 22–September 5), Oregon and Washington (February 1–
August 20), and Utah (February 1–September 5).

 ¶ VE was calculated as [1−odds ratio]x100%.
 ** Vaccination was defined as having received exactly 2 doses of an mRNA-based COVID-19 vaccine ≥14 days before the hospitalization index date, which was the 

date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the hospitalization or the hospitalization 
date if testing only occurred after the admission.

 †† Immunocompromised status was presumed based on the presence of at least one discharge diagnosis, using ICD-9 and ICD-10 diagnosis codes for solid malignancy 
(ICD-10 codes: C00–C80, C7A, C7B, D3A, Z51.0, and Z51.1), hematologic malignancy (ICD-10 codes: C81–C86, C88, C90–C96, D46, D61.0, D70.0, D61.2, D61.9, and 
D71), rheumatologic or inflammatory disorder (ICD-10 codes: D86, E85 [except E85.0], G35, J67.9, L40.54, L40.59, L93.0, L93.2, L94, M05–M08, M30, M31.3, M31.5, 
M32–M34, M35.3, M35.8, M35.9, M46, and T78.40), other intrinsic immune condition or immunodeficiency (ICD-10 codes: D27.9, D61.09, D72.89, D80, D81 [except 
D81.3], D82–D84, D89 [except D89.2], K70.3, K70.4, K72, K74.3–K74.6 [except K74.60 and K74.69], N04, and R18), or organ or stem cell transplant (ICD-10 codes: 
T86 [except T86.82–T86.84, T86.89, and T86.9], D47.Z1, Z48.2, Z94, and Z98.85).
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TABLE 3. Two-dose mRNA COVID-19 vaccine effectiveness* against laboratory-confirmed COVID-19–associated hospitalization† among 
subgroups of adults aged ≥18 years with specific types of conditions and presumed to be immunocompromised (20,101)§ — nine states,¶ 

January–September 2021

Condition (no. of adults) Total
SARS-CoV-2–positive tests,  

no. (row %)
VE,**  

% (95% CI)

Solid malignancy†† (8,887)
Unvaccinated 3,986 304 (7.6) Ref
Vaccinated with any 2 mRNA vaccine doses§§ 4,901 106 (2.2) 79 (73–84)
Vaccinated with 2 Moderna (mRNA-1273) vaccine doses§§ 2,053 30 (1.5) 85 (76–91)
Vaccinated with 2 Pfizer-BioNTech (BNT162b2) vaccine doses§§ 2,848 76 (2.7) 72 (62–80)
Hematologic malignancy¶¶ (2,790)
Unvaccinated 1,156 130 (11.2) Ref
Vaccinated with any 2 mRNA vaccine doses§§ 1,634 86 (5.3) 74 (62–83)
Vaccinated with 2 Moderna vaccine doses§§ 660 26 (3.9) 85 (74–92)
Vaccinated with 2 Pfizer-BioNTech vaccine doses§§ 974 60 (6.2) 62 (42–75)
Rheumatologic or inflammatory disorder*** (5,024)
Unvaccinated 2,380 383 (16.1) Ref
Vaccinated with any 2 mRNA vaccine doses§§ 2,644 123 (4.6) 81 (75–86)
Vaccinated with 2 Moderna vaccine doses§§ 1,053 48 (4.6) 78 (65–86)
Vaccinated with 2 Pfizer-BioNTech vaccine doses§§ 1,591 75 (4.7) 78 (69–84)
Other intrinsic immune condition or immunodeficiency††† (6,380)
Unvaccinated 3,418 429 (12.6) Ref
Vaccinated with any 2 mRNA vaccine doses§§ 2,962 137 (4.6) 73 (66–80)
Vaccinated with 2 Moderna vaccine doses§§ 1,199 42 (3.5) 81 (71–87)
Vaccinated with 2 Pfizer-BioNTech vaccine doses§§ 1,763 95 (5.4) 64 (50–74)
Organ or stem cell transplant§§§ (1,416)
Unvaccinated 607 92 (15.2) Ref
Vaccinated with any 2 mRNA vaccine doses§§ 809 80 (9.9) 59 (38–73)
Vaccinated with 2 Moderna vaccine doses§§ 337 31 (9.2) 70 (46–83)
Vaccinated with 2 Pfizer-BioNTech vaccine doses§§ 472 49 (10.4) 45 (13–66)

Abbreviations: CI = confidence interval; “ICD-9 = International Classification of Diseases, Ninth Revision; ICD-10 = International Classification of Diseases, Tenth Revision; 
Ref = referent group; VE = vaccine effectiveness.
 * VE was estimated using a test-negative design, adjusted for age, geographic region, calendar time (days since January 1, 2021), and local virus circulation (percentage 

of SARS-CoV-2–positive results from testing within the counties surrounding the facility on the date of the hospitalization) and weighted for inverse propensity 
to be vaccinated or unvaccinated (calculated separately for each VE estimate) using sociodemographic characteristics, underlying medical conditions, known 
previous SARS-CoV-2 infection, and hospital characteristics, in addition to age, geographic region, calendar time, and local virus circulation.

 † Hospitalizations with a discharge code consistent with COVID-19–like illness were included, such as acute respiratory illness (e.g., COVID-19, respiratory failure, 
or pneumonia) or related signs or symptoms (cough, fever, dyspnea, vomiting, or diarrhea), using diagnosis codes from ICD-9 and ICD-10. Clinician-ordered 
molecular assays (e.g., real-time reverse transcription–polymerase chain reaction test) for SARS-CoV-2 occurring ≤14 days before to <72 hours after hospital 
admission were included.

 § Immunocompromising condition subgroups were not mutually exclusive, and patients could be represented in more than one of the five subgroups (i.e., solid malignancy, 
hematologic malignancy, rheumatologic or inflammatory disorder, other intrinsic immune condition or immunodeficiency, and organ or stem cell transplant).

 ¶ Partners contributing data on hospitalizations were in California (range of earliest to latest hospitalization: March 1–September 5), Colorado (January 22–August 31), 
Indiana (January 22–September 5), Minnesota and Wisconsin (January 17–August 18), New York (January 22–September 5), Oregon and Washington (February 1–
August 20), and Utah (February 1–September 5).

 ** VE was calculated as [1−odds ratio]x100%.
 †† Solid malignancy was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes included C00–C80, C7A, 

C7B, D3A, Z51.0, and Z51.1.
 §§ Vaccination was defined as having received exactly 2 doses of an mRNA-based COVID-19 vaccine ≥14 days before the hospitalization index date, which was the 

date of respiratory specimen collection associated with the most recent positive or negative SARS-CoV-2 test result before the hospitalization or the hospitalization 
date if testing only occurred after the admission.

 ¶¶ Hematologic malignancy was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes included C81–C86, 
C88, C90–C96, D46, D61.0, D70.0, D61.2, D61.9, and D71.

 *** Rheumatologic or inflammatory disorder was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes 
included D86, E85 (except E85.0), G35, J67.9, L40.54, L40.59, L93.0, L93.2, L94, M05–M08, M30, M31.3, M31.5, M32–M34, M35.3, M35.8, M35.9, M46, and T78.40.

 ††† Other intrinsic immune condition or immunodeficiency was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. 
ICD-10 codes included D27.9, D61.09, D72.89, D80, D81 (except D81.3), D82–D84, D89 (except D89.2), K70.3, K70.4, K72, K74.3–K74.6 (except K74.60 and K74.69), 
N04, and R18.

 §§§ Organ or stem cell transplant was defined as the presence of at least one discharge diagnosis using ICD-9 and ICD-10 diagnosis codes. ICD-10 codes included T86 
(except T86.82–T86.84, T86.89, and T86.9), D47.Z1, Z48.2, Z94, and Z98.85.
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who are immunocompromised while 
SARS-CoV-2 transmission remains 
high globally. Many people who are 
immunocompromised with severe 
immunosuppression are likely to 
remain susceptible to COVID-19 even 
after an additional dose. Indeed, 
cumulative antibody response rates 
after the additional dose in people who 
are immunocompromised typically 
fall some way short of the response 
rates observed after a standard 
primary series in people who are not 
immunocompromised. Accordingly, 
additional protective measures within 
the households and care facilities of 
people who are immunocompromised, 
including vaccination of close contacts 
as well as other public health and social 
measures, will be crucial to reduce the 
risk of transmission to this susceptible 
population.
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the primary vaccination series but is 
capable of inducing a de novo response 
in at least a portion of people who are 
immunocompromised who did not 
mount a detectable antibody response 
after the standard primary series.

These findings must be interpreted 
with caution given the absence of 
an established correlate of initial 
protection or duration of protection. 
The significant methodological 
variation among studies (especially 
with respect to antibody response 
criteria and characteristics of the 
patient population; appendix 
pp 3–5) also represents a notable 
limitation of the present review, and 
probably contributes to the wide 
variation in response rates observed. 
Nonetheless, the benefits of an 
additional dose as part of an extended 
primary series among people who are 
immunocompromised are likely to 
outweigh the risks on the basis of the 
available data. Despite the imbalance 
in the evidence base towards mRNA 
vaccines, it is reasonable to expect 
this relative benefit to apply across 
other COVID-19 vaccines and vaccine 
platforms. However, key evidence 
gaps must be urgently addressed, 
including the safety, effectiveness, 
and duration of protection provided 
by one or more additional doses in 
an extended primary series in people 
who are immunocompromised 
( i n c l u d i n g  s p e c i f i c  p a t i e n t 
subgroups), especially for vectored, 
inactivated, and subunit vaccines 
for which extensive data are lacking; 
the relative benefits of heterologous 
versus homologous additional 
doses among people who are 
immunocompromised; the optimal 
timing of the additional dose; and 
the effectiveness of standard and 
extended primary vaccine series 
among subgroups of people who 
are immunocompromised that are 
under-represented in the existing 
literature, including people living 
with HIV that is not well-controlled.

Our findings also highlight the need 
for continued caution among people 

individuals with a low or undetectable 
antibody response after the standard 
primary series (an eligibility criterion 
for several of the included studies), the 
additional dose was associated with a 
median antibody response rate of 44% 
(IQR 32–55; figure B). Crucially, these 
data suggest that an additional dose 
in an extended primary series does not 
simply increase an existing antibody 
response in those who responded to 

Figure: Antibody response rate following an additional COVID-19 vaccine dose in 
people who are immunocompromised
(A) Cumulative antibody response rates before and after an additional dose in 
different patient subgroups across 13 studies with paired data. Lines link estimates 
from individual study populations. The same participants were measured before and 
after the additional dose. (B) Antibody response rates following an additional dose 
among patients with low or no detectable antibodies after the standard primary series 
(19 estimates from 17 studies). Note that antibody response criteria and patient 
characteristics varied among studies, restricting comparability (see appendix pp 3–5 
for details). Estimates for subgroups receiving mRNA and vectored vaccines were 
extracted separately where possible. *Denominator includes patients who did not 
receive an additional dose but responded after the primary vaccine series. †Post-
vaccination data available for a subset of the cohort.
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Réponse immunologique 3ème dose hétérologue

Reindl-Schwaighofer R et al. JAMA Intern Med. 2022 (PMID 34928302)

197 TOS (Rein), Autriche, RCT
Non répondeurs à 2 doses ARNm

3eme dose d’ARNm vs 3eme dose Ad26COVS (2.5 mois 2ème)
Titre Ac anti-RBD (Roche) 4 semaines

TTV levels were associated with response to the vaccine (OR,
0.92; 95% CI, 0.88-0.96; P < .001 per doubling of TTV copies [co]
/mL). Furthermore, longer time since last kidney transplant was
also associated with a higher chance of developing an antibody
response after the third dose (OR, 1.44; 95% CI, 1.15-1.83; P = .002
per doubling of years). Recipient age, sex, donor type, number
of transplants, and time between second and third vaccinations
did not show a statistically significant association.

Adverse Events and Reactogenicity
Five serious adverse events occurred in the 4-week follow-up
period after vaccination: 1 patient died of a myocardial infarc-
tion (vector group); 2 patients were hospitalized for urinary
tract infections (1 in each group); 1 patient developed throm-
bophlebitis 3 weeks after vaccination (vector group) and re-
quired systemic anticoagulation (laboratory work-up results
showed no signs of thrombocytopenia and platelet factor 4
antibodies were negative)23; and 1 patient was hospitalized
for treatment of symptomatic hypokalemia (mRNA group).

The third vaccination was tolerated well, with 1% to 2%
of patients reporting severe fatigue, fever, myalgia, or pain. Re-
actogenicity was widely similar between vector and mRNA
groups; however, more patients in the mRNA vaccination group
reported pain at the injection site (Cramér V, 0.22; 95% CI,
0.12-0.36; P = .01; eFigure 3 in the Supplement 2).

Discussion
The study findings show that a third dose of vaccine induced
a SARS-CoV-2 antibody response in 39% of KTRs who had
no seroconversion after 2 doses of mRNA vaccines. The ob-
served difference in the antibody response rate at 4 weeks
after the third dose—35% vs 42% for mRNA and vector, respec-
tively—was not statistically significant. Quantitative analysis
of antibody levels, as well as evaluation of the cellular
immune response, also showed no statistically significant
difference between groups.

The antibody levels found in KTRs who developed an im-
mune response were considerably lower compared with lev-
els observed in the general population.14 When we applied the
higher cutoff levels used in the literature19-21 —shown to be
highly correlated with neutralizing antibody as a surrogate for
protective immunity—the success rate of the third dose was
much lower. These patients with low-level antibody re-
sponses may remain at risk for SARS-CoV-2 infection. Accord-
ingly, only 22% of the participants demonstrating seroconver-
sion had antibodies with neutralizing capacity; none had a
positive test result for SARS-CoV-2 nucleocapsid antibodies
at 4 weeks after the third dose. Importantly, 1 participant with
a low-level antibody response (5.91 U/mL) and 1 participant
without any antibody response later died of COVID-19. Lon-
ger follow-up of this study’s participants may reveal differ-
ences in the trajectories of antibody levels among those who

Figure 3. Forest Plot of Predictors for Vaccine Response
After the Third Dose of SARS-CoV-2 vaccines
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a Time since KTX, nontriple IS, and TTV levels showed a significant association
with response to third dose. Co denotes copies; IS, immunosuppression;
KTX denotes kidney transplant; and TTV, torque teno virus.

Figure 2. Antibody Levels and Results of Interferon-γ Release Assays (IGRA), 4 Weeks After Third SARS-CoV-2 Vaccination, by Vaccine Type
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ger follow-up of this study’s participants may reveal differ-
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Réponse humorale = 39% répondeurs
35% répondeurs groupe ARNm

42% répondeurs groupe Ad26COVS 
(p=0.38)

Réponse cellulaire = 9% répondeurs
9% répondeurs groupe ARNm

8% répondeurs groupe Ad26COVS 
(p=0.80)
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Cas 2
• Femme, 42 ans
• SEP primaire progressive sévère découverte il y a 1 mois
• Vaccinée par 2 + 1 doses de vaccin BNT162b2 

§ 1ère dose il y a 10 mois
§ 2ème dose il y a 9 mois
§ Rappel il y a 4 mois

• Traitement par ocrelizumab (anti-CD20) envisagé dans le mois
• Adressé par Neurologue avis
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Quelles sont les propositions exactes concernant la 
conduite à tenir ? 

A. Réalisation d’une sérologie 

B. Rappel vaccin covid-19 immédiat

C. Rappel vaccin covid-19 tous les 6 mois

D. Utilisation prophylaxie par Anticorps monoclonaux 

E. Contre-indication à la vaccination covid-19

0 0

Fermé

La question 
s'ouvrira lorsque 
vous démarrerez 
votre session et 

votre présentation.
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Avis COSV 28-03-22
• Rappel vaccinal tous les 6 mois (+ entourage)
• Supprimer le seuil « forte réponse » de 264 BAU/mL
• Elargir utilisation des mAbs en prophylaxie pré-exposition
• Combiner vaccination et mAbs

26
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53 Même dans le cas où le sujet a déjà reçu un ou plusieurs rappel(s) 

Situation de protection du patient Stratégie vaccinale Stratégie de prévention par anticorps 
monoclonaux 

 
 
 
Patients vaccinés non 
traités par anticorps 
monoclonaux 

 
භ�anticorps anti-S inférieurs au 
seuil de détection du test  

 

 

-Ne pas poursuivre la vaccination. 

 
 

Débuter le traitement pas anticorps 

monoclonaux. 

භ�anticorps anti-S supérieurs au 
seuil de détection, et taux 
Ě͛ĂŶƚŝĐŽƌƉs inconnu 

-Rappels espacés de 6 mois.  

-Prévoir de coupůĞƌ� ă� ů͛ĂƵƚŽŵŶĞ� ĂǀĞĐ� ůĂ� ǀĂĐĐŝŶĂƚŝŽŶ� ĂŶƚŝŐƌŝƉƉĂůĞ͘� 
 

/ŶĚŝĐĂƚŝŽŶ�Ě͛ĂŶƚŝĐŽƌƉƐ�ŵŽŶŽĐůŽŶĂƵǆ�ĞŶ�
fonction des facteurs de risque 

Ě͛ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ� ;ϭϱ� ũŽƵƌƐ� ĂƉƌğƐ 

le rappel) 
 
Patients sous 
traitement par 
anticorps monoclonaux 

භ�ĂƵĐƵŶĞ�ĂŵĠůŝŽƌĂƚŝŽŶ�ĚĞ�ů͛ĠƚĂƚ�
Ě͛immunosuppression 
envisageable 

 
 -Patients non-éligibles à la vaccination 

 

Poursuivre le traitement par anticorps 

monoclonaux 
භ� ƌĠŐƌĞƐƐŝŽŶ� ĚĞ� ů͛ĠƚĂƚ�
Ě͛ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ 
envisageable 

-Reprendre un schéma de primo-vaccination à 2 doses, puis effectuer une 

sérologie ͖�ĞŶ�ĨŽŶĐƚŝŽŶ�ĚĞƐ�ƌĠƐƵůƚĂƚƐ͕�ŝŶĚŝĐĂƚŝŽŶ�Ě͛ƵŶĞ�3e dose.  

-Effectuer un rappel vaccinal à partir de trois mois après la fin de la primo-

vaccination, puis une sérologie 1 mois après.  

Si le sujet ne répond pas à la 

vaccination, reprendre la prophylaxie 

pas anticorps monoclonaux. 

 
 
 
Patients nouvellement 
immunodéprimés 

 
 
භ�Patients non-vaccinés 

-WƌŝǀŝůĠŐŝĞƌ� ůŽƌƐƋƵĞ� ƉŽƐƐŝďůĞ� ů͛ŝŵŵƵŶŝƐĂƚŝŽŶ� ĂǀĂŶƚ� ů͛ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ 

-Effectuer une primo-ǀĂĐĐŝŶĂƚŝŽŶ�ă�ƚƌŽŝƐ�ĚŽƐĞƐ�ĂŝŶƐŝ�ƋƵ͛ƵŶ�ƌĂƉƉĞů�ă� ƚƌŽŝƐ�
mois 

- Envisager par la suite un rappel vaccinal tous les 6 mois. 
 

Indication de traitement 

prophylactique par anticorps 

monoclonaux, à débuter 15 jours après 

la fin de la primo-vaccination 

 
භ Patients ayant déjà reçu une 
primo-vaccination/un rappel 

-WƌŝǀŝůĠŐŝĞƌ�ůŽƌƐƋƵĞ�ƉŽƐƐŝďůĞ�ů͛ŝŵŵƵŶŝƐĂƚŝŽŶ�ĂǀĂŶƚ�ů͛ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝŽŶ�ĞŶ�
effectuant un rappel53 

-Sinon, effectuer un rappel 3 mois après la dernière dose réalisée, ou le 

plus rapidement possible si ce délai est passé. 

- Envisager par la suite un rappel vaccinal tous les 6 mois. 

Combiner la vaccination à la 

prophylaxie par anticorps 

monoclonaux. Débuter le traitement 

15 jours après le rappel. 
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Quelles sont les propositions exactes concernant la 
vaccination covid-19 chez les patients traités par anti-CD20 ? 

A. La probabilité de séroconversion est basse
B. L’activité neutralisante est basse
C. La réponse cellulaire est diminuée

D. Une 3eme dose de primovaccination n’a pas d’effet sur la 
réponse humorale

E. Une 3eme dose de primovaccination peut avoir un effet sur la 
réponse cellulaire

0 0

Fermé

La question 
s'ouvrira lorsque 
vous démarrerez 
votre session et 

votre présentation.

Intern
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sur la réponse cellulaire

0,0%

0,0%

0,0%

0,0%

0,0%

Fermé



23es JNI, Bordeaux du 15 au 17/06/2022

Réponse humorale et cellulaire après 2 doses ARNm

31

120 patients, Israël
49 SEP + AntiCD20 ; 23 SEP non traitées, 40 contrôles

2 doses BNT162b2
Réponse cellulaire et humorale à M1

Brill L et al R et al. JAMA Neurol. 2021 (PMID 34554197)

We observed a positive association between SARS-CoV-2
IgG levels and time from last ocrelizumab treatment to vacci-
nation (S1/S2: r = 0.7, P < .001; RBD: r = 0.4, P = .04; eFig-
ure 1 in the Supplement). Patients who were vaccinated 5
months or more following the last ocrelizumab dose had a sig-
nificantly increased likelihood for a positive serologic re-
sponse compared with patients who were vaccinated earlier
(14 of 23 [60.9%] vs 6 of 26 [23.1%]; χ2 = 7.2; P = .007).

No correlation was found between antibody levels (S1/S2
and RBD) and lymphocyte counts (r = 0.11 and r = 0.31, re-
spectively; P ≥ .06), disease duration (r = 0.13 and r = 0.14, re-
spectively; P ≥ .30), and number of ocrelizumab infusions
(r = 0.007 and r = −0.22, respectively; P ≥ .10). In the entire co-
hort, there was a correlation between age and antibody levels
(r = −0.3 and r = −0.12 for S1/S2 and RBD, respectively; P ≤ .04)
(eFigure 2 in the Supplement).

SARS-CoV-2–Specific T-Cell Responses
Following Vaccination
We evaluated T-cell responses 2 to 8 weeks following the sec-
ond dose of vaccine using direct ex-vivo interferon γ enzyme-
linked immunospot. Freshly isolated peripheral blood mono-
nuclear cells of 29 patients treated with ocrelizumab and 15
healthy controls were stimulated with a panel of SARS-CoV-2
spike and nucleocapsid peptides and the magnitude of spe-
cific T-cell responses was determined. We detected positive
SARS-CoV-2–specific T-cell responses in 26 of 29 patients
treated with ocrelizumab (89.7%), in all the 15 vaccinated
healthy controls, and in none of the unvaccinated controls
(Figure 2A). The mean number of responding T cells in vacci-
nated patients with MS treated with ocrelizumab was similar
to healthy controls (mean [SD], 15.36 [7.6] vs 14.33 [6.25] SFCs;
95% CI, −3.5 to 5.6; P = .65). No difference was detected

Figure 1. SARS-CoV-2 Messenger RNA Vaccine Antibody Response in Patients With Multiple Sclerosis Treated With Ocrelizumab
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Serology response to SARS-CoV-2 messenger RNA vaccine. A, SARS-CoV-2
anti-S1/S2 IgG titers 2 to 4 weeks postvaccine in healthy controls (n = 40): mean
(SD), 283 (100) AU/mL; patients with multiple sclerosis (MS) not treated
(n = 23): mean (SD), 288.3 (113.8) AU/mL; patients with MS treated with
ocrelizumab (OCR) (n = 40): mean (SD), 26.2 (49.2) AU/mL (P < .001).
B, SARS-CoV-2 anti–receptor-binding domain (RBD) IgG titers 2 to 4 weeks after
vaccination in healthy controls (n = 35): mean (SD), 12 712 (9114) AU/mL;
patients with MS not treated (n = 20): mean (SD), 10 877 (9476); and patients

treated with OCR (n = 49): mean (SD), 376.5 (907.6) AU/mL. The dotted line
indicates positive threshold (!19 and !50 AU/mL in the Liaison and Architect
assay, respectively). Horizontal bars indicate the mean. C, SARS-CoV-2
anti-S1/S2 antibody titers of patients with MS treated with OCR (n = 8) at 2 time
points (3 and 8 weeks after vaccination). AU indicates arbitrary units.
a Values were significant (P < .001).

Research Brief Report Humoral and T-Cell Response to SARS-CoV-2 Vaccination in Patients With Multiple Sclerosis Treated With Ocrelizumab

1512 JAMA Neurology December 2021 Volume 78, Number 12 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 04/07/2022

between patients treated with ocrelizumab with positive and
negative serology response (mean [SD], 14.5 [7.4] and 15.9 [7.9]
SFCs; 95% CI, −4.6 to 7.4; P = .64; Figure 2B). No correlation
was found between T cells and antibody levels (S1/S2: r = −0.08,
P = .60; RBD: r = −0.03, P = .80). No response to the nucleo-
capsid peptides was seen in any of the participants, indicat-
ing absence of previous SARS-CoV-2 infection.

Discussion
In this study, we found that most patients treated with ocreli-
zumab developed SARS-CoV-2–specific T-cell responses follow-
ing BNT162b2 vaccination, with similar levels to healthy controls
and independent of SARS-CoV-2 IgG titers. A lower percentage
of positive SARS-CoV-2 antibody response and lower IgG titers
were detected in patients with MS treated with ocrelizumab com-
pared with healthy controls and untreated patients.

Antibodies are believed to be a key component for an ef-
fective vaccine to provide protection.4 However, other arms
of the immune system may contribute to vaccine efficacy.
T cells are critical to generate antibody-producing plasma cells,
long-lived memory cells, and for elimination of virus-
infected cells. Early and robust T-cell responses have been as-
sociated with mild/asymptomatic COVID-19 infection even in
the absence of antibodies.5-9 T cells could provide protection
from severe disease by limiting viral replication to the upper
respiratory tract.10

Robust SARS-CoV-2 T-cell responses and attenuated anti-
body responses have been reported following COVID-19 in-
fection in patients treated with ocrelizumab.11-13 Similarly, we
found that most vaccinated patients treated with ocreli-

zumab developed interferon γ–producing SARS-CoV-2–
specific T cells, with levels comparable with healthy con-
trols. Three patients had a T-cell response below the positive
cutoff but did not have negative response as the nonvacci-
nated controls. Possibly, with a more sensitive assay, these
patients might show a positive response.

Ocrelizumab depletes circulating B cells within 2 weeks of
treatment but spares CD20-negative plasma cells, stem cells,
and pro-B cells. As a result, an impairment in the antibody re-
sponse to nonlive vaccines has been documented14 including
for SARS-CoV-2 vaccines,15 similar to our findings. An opti-
mized time for vaccine administration could potentially lead
to stronger antibody responses. We found that patients vac-
cinated 5 or more months after the last dose had a higher prob-
ability for positive serology response. The individual serol-
ogy response might depend on a combination of factors.

Limitations
Limitations of our study include small sample size and short
study duration. It is still unclear to what extent individuals who
have a negative serology response but do produce vaccine-
specific T cells are protected. As vaccine-induced immunity
can wane over time, it is important to study the persistence
of antibody and T-cells responses.

Conclusions
This single-center study found a preserved vaccine-specific
T-cell and decreased humoral response in patients with MS
treated with ocrelizumab. T-cell responses were detected in
patients with either positive or negative humoral response.

Figure 2. SARS-CoV-2 Spike-Specific T-Cell Response Following Vaccination
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(SFCs) per 250 000 cells for each participant represent the number of T cells
specific to spike SARS-CoV-2. B, T-cell response postvaccination of patients with
MS treated with OCR who had positive SARS-CoV-2 IgG (IgG+) or negative
SARS-CoV-2 (IgG−). Ten of 11 patients with MS treated with OCR who had
positive serology response were also positive for T-cell response (mean [SD]
SFC, 14.5 [7.4]). Sixteen of 18 patients with negative serology response had
positive specific T-cell response (mean [SD], 15.9 [7.9]). The dotted line
indicates positive threshold (SFC, !6). Horizontal bars indicate the mean.
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Réponse humorale et neutralisation après 2 doses ARNm

Hadjadj J et al. Ann Rheum Dis 2022 (PMID 35022159)

MAI (n=64) vs. Contrôles (n=21), France
2 doses BNT161b2

Réponse humorale (Abbott & Beckman) et cellulaire à M2
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Réponse humorale après 3 doses ARNm

König M et al. JAMA Neurol. 2022 (PMID 35072702)

130 SEP (Anti-CD20 (78%) ou Fingolimob (22%)), Norvège
3eme dose ARNm (3 mois 2ème)
Titre Ac anti-RBD 3-5 semaines

25% répondeurs (25/101) Anti-CD20
7% répondeurs (2/29) Fingolimob

COVID-196; therefore, our study results suggest that revacci-
nation of these patients should be considered.

The primary limitation of this study was that it only in-
cluded assessments of IgG response as a measure of presumed
humoral immunity. It is important to note, however, that anti-
body levels are not fully predictive of protection against infec-
tion and that levels lower than the applied cutoff may also be
protective. Furthermore, the protective immune response to
SARS-CoV-2 also probably depends on T-cell responses.
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Réponse cellulaire après 3 doses ARNm

8 Hadjadj J, et al. Ann Rheum Dis 2022;0:1–9. doi:10.1136/annrheumdis-2021-221508

Epidemiology

used. We analysed patients after the first and the second doses of 
the BNT162b2 vaccine. We report a delayed and lower induc-
tion of anti- spike IgG compared with controls, much more 
pronounced with rituximab. While two doses of BNT162b2 
generated a neutralising response against Alpha and Delta vari-
ants in 100% of controls, 95% of sera from patients treated 
with rituximab did not neutralise these two variants. Of note, 
we observed that 50% of RTX- treated individuals have sero-
converted despite an almost complete lack of neutralisation in 
this group. It is likely explained by our serological assay, which 
measures total anti- S antibodies (ie, targeting RBD and non- RBD 
epitopes). The hypothesis that RTX- treated seroconverters have 
an antibody response biased towards non- neutralising epitopes 
deserves further investigation. In contrast, SARS- CoV- 2- specific 

T- cell response was similarly measured in controls and cases 
with the exception of methotrexate- treated patients. This differ-
ential impairment of immunogenicity after BNT162b2 vaccine 
according to the treatments received, mainly for rituximab and 
methotrexate, is critical to identify patients in which optimisa-
tion of vaccine strategies should be evaluated.

To counteract this impaired immunogenicity, the administra-
tion of a third dose of mRNA- based vaccine has been proposed. 
Recent data in solid- organ transplant recipients showed that a 
third dose of BNT162b2 vaccine increased the prevalence of 
seroconversion and antibody titres, without serious adverse 
events.25–27 A third dose also increased specific cellular response 
even in patients who remained seronegative, but the impact of 
this cellular response remains to be determined.27 We analysed 
B- cell and T- cell responses at 6 months in 40% of our immuno-
compromised patients having received a third dose of vaccine. A 
third dose of vaccine had no effect on B- cell response in patients 
treated with rituximab but it significantly increased anti- spike 
IgG levels and neutralisation activity against both variants in 
patients with methotrexate and cDMARDs compared with those 
receiving only two doses. In a cohort of 33 patients treated with 
rituximab who did not respond to two injection, only 21% 
harbour neutralising antibodies after a booster vaccination.28 
The discrepancy in response is most likely due to variation in the 
extent of B- cell depletion as suggested by other studies.20 29 30 
Our results are in line with these observations, and suggest that 
a third dose is needed, mainly in patients with low responses 
after two doses, but not sufficient, in most RTX- treated individ-
uals. Finally, a third dose increased levels of specific T- cells in 
the ‘rituximab group’, whereas methotrexate still dramatically 
impaired T- cell responses after three doses.

Our study has several limitations. The findings are observa-
tional and based on small numbers and should be interpreted 
with caution. Differences in treatment groups were highly asso-
ciated with the type of underlying inflammatory disease, and 
there may be differences among the populations. Especially, 
82% of patients on rituximab were patients with antineutrophil 
cytoplasmic antibodies (ANCA)- associated vasculitis, limiting 
the generalisation of the findings to patients with rheumatoid 
arthritis. However, except for more frequent renal involvement 
at diagnosis in the ‘rituximab’ group and younger age in the 
‘immunosuppressive drugs’ group, patients’ characteristics were 
comparable between treatment groups. Lastly, ELISpot is a less 
sensitive assay than intracellular staining and could have played 
a role if in the detection of T- cell response.

Overall, we found that rituximab and methotrexate differ-
entially impact the immunogenicity of BNT162b2 vaccine, by 
impairing B- cell and T- cell responses, respectively. The Delta 
variant fully escapes the suboptimal humoral response of indi-
viduals treated with rituximab. Our findings support efforts to 
improve effectiveness of mRNA vaccines in this immunocom-
promised population.
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Figure 4 Impact of booster vaccination on immune response at 6 
Months. (A) Levels of anti- S IgG antibodies in the indicated groups 
at 3 and 6 months (M3/M6) as determined by the S- Flow assay. 
(B) Neutralising titres of sera against Alpha and Delta variants at 
M3 and M6 are expressed as ED50 values, in a log scale. Dotted line 
indicates the limit of detection (ED50=30). Data are mean of two 
independent experiments. (C) Quantification of SARS- CoV- 2- specific 
T- cells responses using ELISpot at M3 and M6 in the indicated groups. 
Results were expressed as spot forming unit (SFU)/106 CD3+ T cells. CTL, 
controls; MTX, methotrexate; RTX, rituximab; IS, immunosuppressive.
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APPENDIX  

Appendix Figure 1. Humoral and cellular response before and one month after a third vaccine dose 

 

BAU: binding antibody units; IFN: Interferon; IgG: immunoglobulin G; D0: day of third of vaccine; M1: one month after third dose of vaccine; 

P#1: Patient #1; PBMCs: peripheral blood mononuclear cells.  
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Messages vaccination covid-19 des ID
• Bonne tolérance de la vaccination chez les ID

• Efficacité immunologique/clinique hétérogène entre les ID mais plus 
basses que chez les non ID. Durée de protection encore mal connue.
§ Privilégier vaccins à ARNm
§ Intérêt d’un schéma de primo-vaccination à 3 ou 4 doses et des doses de 

rappel (réponse humorale et cellulaire)

• Associer immunisation passive (mAbs)

• Vaccination de l’entourage
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Cas 3

• Femme de 26 ans enceinte de 24 SA
• Jamais vaccinée contre la Covid-19
• Adressée par sa Sage-Femme 
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Quelles sont les affirmations exactes ?

A. La grossesse augmente le risque d’hospitalisation/forme grave de covid-
19 

B. La vaccination covid-19 induit un risque de fausse-couche au 1er 
trimestre de grossesse

C. L’efficacité du vaccin covid-19 chez la femme enceinte est plus basse que 
chez la femme non enceinte

D. La vaccination covid-19 pendant la grossesse peut protéger le nouveau-
né

E. La vaccination covid-19 est contre-indiquée pendant l’allaitement 

0 0

Fermé

La question 
s'ouvrira lorsque 
vous démarrerez 
votre session et 

votre présentation.

Intern
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Quelles sont les affirmations exactes ?

A.

B.

C.

D.

E.

La grossesse augmente le risque d’hospitalisation/forme 
grave de covid-19 

La vaccination covid-19 induit un risque de fausse-couche 
au 1er trimestre de grossesse

L’efficacité du vaccin covid-19 chez la femme enceinte est 
plus basse que chez la femme non enceinte

La vaccination covid-19 pendant la grossesse peut 
protéger le nouveau-né

La vaccination covid-19 est contre-indiquée pendant 
l’allaitement 
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Nous initialiserons ces 
exemples de résultats au 0 une 

fois la session et la 
présentation démarrées.

En attendant, vous pouvez 
modifier à votre guise 

l’apparence des résultats (ex. 
les couleurs).
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Covid-19 et grossesse

41

RESEARCH

10 doi: 10.1136/bmj.m3320 | BMJ 2020;370:m3320 | the bmj

Strengths and limitations of this review
In this unprecedented pandemic situation, where 
evidence is rapidly produced and published in various 
formats, our living systematic review underpinned by 
robust methods and continually updated at regular 
intervals is relevant for several reasons. Firstly, it 
addresses important research questions relevant 
to clinical decision making and policies. Secondly, 
uncertainties remain for key outcomes that require 
further evidence. Thirdly, the rapid turnover of 
evidence in various formats requires assessments of 
study quality and regular updating of the findings. 
Finally, our living systematic review is producing 
strong evidence base for living guidelines on covid-19 
and pregnancy.

We undertook a comprehensive search and 
coordinated our efforts with key organisations and 
research groups, such as WHO, the Cochrane Centre, 
and EPPI-Centre. To minimise risk of bias we restricted 
our meta-analysis to cohort studies, and we reported 
the quality of the included studies. By contacting 
the authors and obtaining reports not published in 
PubMed, we minimised the risk of missing relevant 
studies. Our systematic review has a large sample size 
and it is continuously increasing. Our living meta-
analyses framework will enable us to rapidly update 
the findings as new data emerge. We undertook 
extensive work to ensure that duplicate data are 
not included. Our various comparative analyses 
allowed us to comprehensively assess the association 
between pregnancy and covid-19 related outcomes, 
covid-19 and pregnancy outcomes, risk factors for 
SARS-CoV-2 infection, and complications. Our review 
helps to understand the variations in estimates 
through sensitivity analyses by sampling strategies, 
population characteristics, and risk factors, and it 

provides confidence in the rates of reported outcomes. 
The update has allowed us to seamlessly incorporate 
new evidence from 115 studies and more than half a 
million women, published since our original review in 
June 2020.

Our systematic review also has limitations. The 
primary studies used varied sampling frames to 
identify women with covid-19, comprised women 
with suspected and confirmed covid-19, and primarily 
reported on pregnant women who required visits to 
hospital, including for childbirth, thereby affecting 
the generalisability of the estimates. Although our 
sensitivity analyses aimed to tackle some of these 
problems, the numbers and sample sizes of the 
individual studies were too small to identify differences 
between the subgroups. The timing of assessment of 
the clinical manifestations of disease was generally 
not available. The definitions of symptoms, tests, 
and outcomes were heterogeneous. Furthermore, 
poor reporting of the criteria for caesarean section, 
admissions to the neonatal unit, and the causes 
of preterm birth, made it difficult to disentangle 
iatrogenic effect from the true impact of the disease. 
There continues to be a paucity of comparative data 
to assess the risk of pregnancy complications in 
women with and without covid-19. Studies comparing 
maternal and perinatal outcomes in pregnant women 
with covid-19 against historical cohorts of pregnant 
women, could be biased owing to differences in the 
environment in which deliveries occur. During the 
pandemic, healthcare systems have faced increased 
pressure and strain on services, with resulting effects 
on service delivery and quality of care.96 97 Lockdown 
measures, social distancing, and changes to livelihood 
have led to increased depression and anxiety, and 
reduction in physical activity and access or attendance 

Table 1 | Outcomes in pregnant and recently pregnant women with coronavirus disease 2019 (covid-19)

Outcomes No of studies
Women (No with event/No in group (%))

Odds ratio (95% CI) I2 (%)Pregnant women with covid-19 Comparison group
Comparison group: non-pregnant women of reproductive age with covid-19
All cause mortality 8 103/34 047 (0.3) 3388/567 075 (0.6) 0.96 (0.79 to 1.18) 0
ICU admission 7 616/34 035 (1.8) 9568/567 073 (1.7) 2.13 (1.54 to 2.95) 71.2
Invasive ventilation 6 270/34 001 (0.8) 3280/567 043 (0.6) 2.59 (2.28 to 2.94) 0
ECMO 2 17/30 446 (0.1) 120/431 490 (0.0) 2.02 (1.22 to 3.34) 0
Oxygen through nasal cannula 2 8/48 (16.7) 49/106 (46.2) 0.21 (0.04 to 1.13) 65.7
ARDS 1 0/17 (0) 0/26 (0) 1.51 (0.03 to 79.93) NE
Major organ failure 1 0/17 (0) 0/26 (0) 1.51 (0.03 to 79.93) NE
Comparison group: pregnant women without covid-19
Maternal outcomes:
 All cause mortality 8* 8/1195 (0.7) 8/3625 (0.2) 2.85 (1.08 to 7.52) 0
 ICU admission 7* 64/1508 (4.2) 4/3482 (0.1) 18.58 (7.53 to 45.82) 0
 Preterm birth <37 weeks 18 147/1184 (12.4) 572/7365 (7.8) 1.47 (1.14 to 1.91) 18.6
 Caesarean section 21*† 669/1854 (36.1) 4221/11842 (35.6) 1.12 (0.91 to 1.38) 57.6
Perinatal outcomes:
 Stillbirth 9* 9/1039 (0.9) 26/4755 (0.5) 2.84 (1.25 to 6.45) 0
 Neonatal death 8* 4/970 (0.4) 5/3316 (0.2) 2.77 (0.92 to 8.37) 0
 Admission to neonatal unit 10* 329/1285 (25.6) 519/4588 (11.3) 4.89 (1.87 to 12.81) 96.2
 Abnormal Apgar score at 5 minutes 6 13/662 (2.0) 46/2823 (1.6) 1.38 (0.71 to 2.70) 0
 Fetal distress 2 11/77 (14.3) 13/263 (4.9) 2.37 (0.77 to 7.31) 0
ICU=intensive care unit; ECMO=extracorporeal membrane oxygenation; ARDS=acute respiratory distress syndrome; NE=not estimable.
The denominator is number of pregnancies for all outcomes.
*Includes UK Obstetric Surveillance System44 study with historical comparative cohort (694 women). 
†Includes Gulersen et al 202060 with historical comparative cohort (50 women).
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Association of SARS-CoV-2 Vaccination During Pregnancy
With Pregnancy Outcomes
Maria C. Magnus, PhD; Anne K. Örtqvist, MD, PhD; Elisabeth Dahlqwist, PhD; Rickard Ljung, MD, PhD;
Fredrik Skår, MD; Laura Oakley, PhD; Ferenc Macsali, MD, PhD; Björn Pasternak, MD, PhD; Håkon K. Gjessing, PhD;
Siri E. Håberg, MD, PhD; Olof Stephansson, MD, PhD

IMPORTANCE Data about the safety of vaccines against SARS-CoV-2 during pregnancy
are limited.

OBJECTIVE To examine the risk of adverse pregnancy outcomes after vaccination against
SARS-CoV-2 during pregnancy.

DESIGN, SETTING, AND PARTICIPANTS This registry-based retrospective cohort study included
157 521 singleton pregnancies ending after 22 gestational weeks from January 1, 2021, until
January 12, 2022 (Sweden), or January 15, 2022 (Norway). The Pregnancy Register in Sweden
and the Medical Birth Registry of Norway were linked to vaccination and other registries for
identification of exposure and background characteristics.

EXPOSURES Data on mRNA vaccines—BNT162b2 (Pfizer-BioNTech) and mRNA-1273
(Moderna)—and 1 viral vector vaccine—AZD1222 (AstraZeneca)—were collected from national
vaccination registries.

MAIN OUTCOMES AND MEASURES The risk of preterm birth and stillbirth was evaluated using
Cox regression models, with gestational day as the time metric and vaccination as a
time-dependent exposure variable. The risk of small for gestational age, low Apgar score, and
neonatal care admission was evaluated using logistic regression. Random-effects
meta-analysis was used to combine results between countries.

RESULTS Among the 157 521 singleton births included in the study (103 409 in Sweden and
54 112 in Norway), the mean maternal age at the time of delivery was 31 years, and 28 506
(18%) were vaccinated against SARS-CoV-2 (12.9% with BNT162b2, 4.8% with mRNA-1273,
and 0.3% with AZD1222) while pregnant. A total of 0.7%, 8.3%, and 9.1% of individuals
delivering were vaccinated during the first, second, and third trimester, respectively.
Vaccination against SARS-CoV-2 was not significantly associated with increased risk of
preterm birth (6.2 vs 4.9 per 10 000 pregnancy days; adjusted hazard ratio [aHR], 0.98
[95% CI, 0.91 to 1.05]; I2 = 0%; P for heterogeneity = .60), stillbirth (2.1 vs 2.4 per 100 000
pregnancy days; aHR, 0.86 [95% CI, 0.63 to 1.17]), small for gestational age (7.8% vs 8.5%;
difference, –0.6% [95% CI, –1.3% to 0.2%]; adjusted OR [aOR], 0.97 [95% CI, 0.90 to 1.04]),
low Apgar score (1.5% vs 1.6%; difference, –0.05% [95% CI, –0.3% to 0.1%]; aOR, 0.97
[95% CI, 0.87 to 1.08]), or neonatal care admission (8.5% vs 8.5%; difference, 0.003%
[95% CI, –0.9% to 0.9%]; aOR, 0.97 [95% CI, 0.86 to 1.10]).

CONCLUSIONS AND RELEVANCE In this population-based study conducted in Sweden and
Norway, vaccination against SARS-CoV-2 during pregnancy, compared with no SARS-CoV-2
vaccination during pregnancy, was not significantly associated with an increased risk of
adverse pregnancy outcomes. The majority of the vaccinations were with mRNA vaccines
during the second and third trimesters of pregnancy, which should be considered in
interpreting the findings.

JAMA. doi:10.1001/jama.2022.3271
Published online March 24, 2022.
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Association of COVID-19 Vaccination in Pregnancy
With Adverse Peripartum Outcomes
Deshayne B. Fell, PhD; Tavleen Dhinsa, MSc; Gillian D. Alton, PhD; Eszter Török, PhD; Sheryll Dimanlig-Cruz, MSc;
Annette K. Regan, PhD; Ann E. Sprague, PhD; Sarah A. Buchan, PhD; Jeffrey C. Kwong, MD; Sarah E. Wilson, MD;
Siri E. Håberg, MD, PhD; Christopher A. Gravel, PhD; Kumanan Wilson, MD; Darine El-Chaâr, MD;
Mark C. Walker, MD; Jon Barrett, MD; Shannon E. MacDonald, PhD; Nannette Okun, MD; Prakesh S. Shah, MD;
Shelley D. Dougan, MSc; Sandra Dunn, PhD; Lise Bisnaire, PhD

IMPORTANCE There is limited comparative epidemiological evidence on outcomes associated
with COVID-19 vaccination during pregnancy; monitoring pregnancy outcomes in large
populations is required.

OBJECTIVE To evaluate peripartum outcomes following COVID-19 vaccination during pregnancy.

DESIGN, SETTING, AND PARTICIPANTS Population-based retrospective cohort study in Ontario,
Canada, using a birth registry linked with the provincial COVID-19 immunization database. All
births between December 14, 2020, and September 30, 2021, were included.

EXPOSURES COVID-19 vaccination during pregnancy, COVID-19 vaccination after pregnancy,
and no vaccination.

MAIN OUTCOMES AND MEASURES Postpartum hemorrhage, chorioamnionitis, cesarean
delivery (overall and emergency cesarean delivery), admission to neonatal intensive care unit
(NICU), and low newborn 5-minute Apgar score (<7). Linear and robust Poisson regression
was used to generate adjusted risk differences (aRDs) and risk ratios (aRRs), respectively,
comparing cumulative incidence of outcomes in those who received COVID-19 vaccination
during pregnancy with those vaccinated after pregnancy and those with no record of
COVID-19 vaccination at any point. Inverse probability of treatment weights were used to
adjust for confounding.

RESULTS Among 97 590 individuals (mean [SD] age, 31.9 [4.9] years), 22 660 (23%) received
at least 1 dose of COVID-19 vaccine during pregnancy (63.6% received dose 1 in the third
trimester; 99.8% received an mRNA vaccine). Comparing those vaccinated during vs after
pregnancy (n = 44 815), there were no significantly increased risks of postpartum
hemorrhage (incidence: 3.0% vs 3.0%; aRD, −0.28 per 100 individuals [95% CI, −0.59 to
0.03]; aRR, 0.91 [95% CI, 0.82-1.02]), chorioamnionitis (0.5% vs 0.5%; aRD, −0.04 per 100
individuals [95% CI, −0.17 to 0.09]; aRR, 0.92 [95% CI, 0.70-1.21]), cesarean delivery (30.8%
vs 32.2%; aRD, −2.73 per 100 individuals [95% CI, −3.59 to −1.88]; aRR, 0.92 [95% CI,
0.89-0.95]), NICU admission (11.0% vs 13.3%; aRD, −1.89 per 100 newborns [95% CI, −2.49
to −1.30]; aRR, 0.85 [95% CI, 0.80-0.90]), or low Apgar score (1.8% vs 2.0%; aRD, −0.31 per
100 newborns [95% CI, −0.56 to −0.06]; aRR, 0.84 [95% CI, 0.73-0.97]). Findings were
qualitatively similar when compared with individuals who did not receive COVID-19
vaccination at any point (n = 30 115).

CONCLUSIONS AND RELEVANCE In this population-based cohort study in Ontario, Canada,
COVID-19 vaccination during pregnancy, compared with vaccination after pregnancy and with
no vaccination, was not significantly associated with increased risk of adverse peripartum
outcomes. Study interpretation should consider that the vaccinations received during
pregnancy were primarily mRNA vaccines administered in the second and third trimester.

JAMA. doi:10.1001/jama.2022.4255
Published online March 24, 2022.
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13 000 FCS

Exposition à vaccin Covid-19 dans les 28 jours précédents ?

Results | Of 105 446 unique pregnancies, 13 160 spontane-
ous abortions and 92 286 ongoing pregnancies were identi-
fied. Overall, 7.8% of women received 1 or more BNT162b2

(Pfizer-BioNTech) vaccines; 6.0% received 1 or more mRNA-
1273 (Moderna) vaccines; and 0.5% received an Ad26.COV.2.S
(Janssen) vaccine during pregnancy and before 20 weeks’ ges-
tation. The proportion of women aged 35 through 49 years with
spontaneous abortions was higher (38.7%) than with ongoing
pregnancies (22.3%). A COVID-19 vaccine was received within
28 days prior to an index date among 8.0% of ongoing preg-
nancy periods vs 8.6% of spontaneous abortions (Table 1).
Spontaneous abortions did not have an increased odds of ex-
posure to a COVID-19 vaccination in the prior 28 days com-
pared with ongoing pregnancies (adjusted odds ratio, 1.02; 95%
CI, 0.96-1.08). Results were consistent for mRNA-1273 and
BNT162b2 and by gestational age group (Table 2).

Discussion | Among women with spontaneous abortions, the
odds of COVID-19 vaccine exposure were not increased in
the prior 28 days compared with women with ongoing preg-
nancies. Strengths of this surveillance include the availability
of a multisite diverse population with robust data capture.
Several limitations should be noted. First, gestational age of
spontaneous abortions and ongoing pregnancies were not
chart confirmed; pregnancy dating may be inaccurate early
in pregnancy. Second, although vaccination status was iden-
tified using multiple data sources, the COVID-19 vaccine

Table 2. Adjusted Odds Ratios for Receipt of COVID-19 Vaccine
Within 28 Days Prior to a Spontaneous Abortion, December 15, 2020,
Through June 28, 2021, Across 8 Vaccine Safety Datalink Sites
and Among 264 104 Pregnancy Periodsa

Adjusted odds ratio (95% CI)b

Full population 1.02 (0.96-1.08)

By gestational age, wk

6-8 0.94 (0.86-1.03)

9-13 1.07 (0.99-1.17)

14-19 1.08 (0.89-1.29)

By vaccine typec

mRNA-1273 (Moderna) 1.03 (0.94-1.11)

BNT162b2 (Pfizer-BioNTech) 1.03 (0.95-1.11)

a See Table 1 footnote a for 4-week pregnancy periods. Unique ongoing
pregnancies may be counted in more than 1 surveillance period.

b Generalized estimating equation models included gestational age group,
surveillance period, maternal age group, number of antenatal visits, site, and
race and ethnicity factors and accounted for repeated ongoing pregnancies
across surveillance periods.

c The Ad26.COV.2.S vaccine is not included due to the small number of exposures.

Table 1. Receipt of COVID-19 Vaccine in Prior 28-Day Window, by Baseline Characteristics
and Surveillance Period, December 15, 2020, Through June 28, 2021

Ongoing pregnancy periodsa Spontaneous abortions

No.

COVID-19
vaccine,
No. (%) No.

COVID-19
vaccine,
No. (%)

All 250 944 20 139 (8.0) 13 160 1128 (8.6)

Maternal age group, y

16-24 37 210 1325 (3.6) 1433 69 (4.8)

25-34 156 166 12 451 (8.0) 6640 493 (7.4)

35-49 57 568 6363 (11.1) 5087 566 (11.1)

Race and ethnicityb

Asian 35 938 4433 (12.3) 2028 262 (12.9)

Black, non-Hispanic 18 790 715 (3.8) 1079 48 (4.4)

Hispanic 86 108 5207 (6.0) 4346 322 (7.4)

White, non-Hispanic 81 834 7571 (9.3) 4272 373 (8.7)

Unknown/other 28 274 2213 (7.8) 1435 123 (8.6)

Gestational age group, wk

6-8 57 355 5196 (9.1) 5238 482 (9.2)

9-13 88 982 6067 (6.8) 6652 528 (7.9)

14-19 104 607 8876 (8.5) 1270 118 (9.3)

Antenatal visits

≥1 89 913 6850 (7.6) 3203 244 (7.6)

≥2 161 031 13 289 (8.3) 9957 884 (8.9)

Surveillance periods

December 15, 2020–January 11, 2021 36 964 711 (1.9) 1767 21 (1.2)

January 12–February 8, 2021 36 981 1696 (4.6) 2097 68 (3.2)

February 9–March 8, 2021 37 030 2322 (6.3) 1871 97 (5.2)

March 9–April 5, 2021 37 144 4934 (13.3) 1903 204 (10.7)

April 6–May 3, 2021 36 191 5654 (15.6) 1864 330 (17.7)

May 4–May 31, 2021 34 545 3485 (10.1) 1811 272 (15.0)

June 1–June 28, 2021 32 089 1337 (4.2) 1847 136 (7.4)

a Four-week surveillance periods
included December 15, 2020,
through January 11, 2021; January 12
through February 8, 2021; February
9 through March 8, 2021; March 9
through April 5, 2021; April 6
through May 3, 2021; May 4 through
May 31, 2021; and June 1 through
28, 2021. Unique ongoing
pregnancies may be counted in
more than one 4-week surveillance
period and were identified at the
last date of the 4-week period.

b Race and ethnicity came from
electronic health data, based on
self-report. Race and ethnicity are
included because both COVID-19
vaccine uptake and rates of
spontaneous abortion vary by race
and ethnicity.
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CMS should consider restricting coverage for adu-
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requiring additional evidence on clinical outcomes in groups
excluded from the trials.
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Spontaneous Abortion Following COVID-19
Vaccination During Pregnancy
COVID-19 infection during pregnancy can be associated with
severe maternal morbidity.1 In the United States, 1 COVID-19
vaccine has been approved and 2 have been authorized for use
for pregnant women. To date, data on maternal COVID-19 vac-

cine safety come primarily
from passive surveillance,
and studies lack an unvacci-

nated comparison group.2,3 Spontaneous abortion has been
identified as a priority outcome in studies of maternal vac-
cine safety,4 and concerns regarding risks of spontaneous abor-
tion may be a barrier to vaccination during pregnancy. We pre-
sent findings from case-control surveillance of COVID-19
vaccination during pregnancy and spontaneous abortion.

Methods | The Vaccine Safety Datalink is a collaboration
between the Centers for Disease Control and Prevention
and 9 health systems, representing approximately 3% of
the US population.5 We applied a validated pregnancy algo-
rithm, which incorporates diagnostic and procedure codes
and electronic health record (EHR) data, to identify and as-
sign gestational ages for spontaneous abortions and ongoing
pregnancies.6 Data from 8 health systems (Kaiser Permanente:
Washington, Northwest, Northern California, Southern
California, and Colorado; Denver Health; HealthPartners; and
Marshfield Clinic, Wisconsin) over seven 4-week surveillance
periods from December 15, 2020, through June 28, 2021, were
included. Ongoing pregnancies between 6 and 19 weeks’ ges-
tation were identified on the last day of each 4-week surveil-
lance period (index date) and contributed data to 1 or more sur-
veillance periods. Spontaneous abortions were assigned to a
4-week surveillance period based on their outcome date; these
spontaneous abortions could have been included in the on-
going pregnancy categories during prior periods (eFigure in the
Supplement). Vaccination data came from EHRs, medical and
pharmacy claims, and regional or state immunization infor-
mation systems.

We analyzed the odds of receiving a COVID-19 vaccine in
the 28 days prior to spontaneous abortion compared with the
odds of receiving a COVID-19 vaccine in the 28 days prior to
index dates for ongoing pregnancies. Both spontaneous abor-
tions and ongoing pregnancies were assigned to gestational
age groups (6-8, 9-13, and 14-19 weeks), surveillance periods,
site, maternal age groups (16-24, 25-34, and 35-49 years),
number of antenatal visits (≤1 or ≥2), and race and ethnicity.
Generalized estimating equations with binomial distribution
and logit link were used to account for repeated ongoing
pregnancies across surveillance periods. Analyses by manu-
facturer and gestational age group were also conducted.
Analysis was performed using SAS/STAT software version 9.4
(SAS Institute Inc).

This surveillance was approved by the institutional re-
view boards of all participating sites with a waiver of in-
formed consent.
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Of the matched individuals, 18% had at least 1 risk factor for severe 
COVID-19, the most common being obesity.

During a median follow-up of 77 d, 131 infections were docu-
mented in the vaccination group and 235 infections in the control 
group (Fig. 1). Event counts in each of the analysis periods (for 
individuals who were eligible to be included in the analysis for that 
period) are included in Supplementary Table 3. Cumulative inci-
dence curves from baseline (first vaccine dose for the vaccinated 
group) are shown in Fig. 1 for the documented infection outcome 
and in Extended Data Figs. 2–4 for the additional outcomes. The 
curves in the vaccinated and unvaccinated groups are similar 
until day 14, when incidence in the vaccinated group begins to  
decline sharply.

The estimated vaccine effectiveness for documented infections 
was 67% (95% confidence interval (CI) = 40–84%) in days 14–20 
after the first dose, 71% (33–94%) in days 21–27 after the first dose 

and 96% (89–100%) in days 7–56 after the second dose (Table 1). 
The estimated vaccine effectiveness for symptomatic infection was 
66% (95% CI = 32–86%) in days 14–20 after the first dose, 76% 
(30–100%) in days 21–27 after the first dose and 97% (91–100%)  
in days 7–56 after the second dose. Vaccine effectiveness for  
COVID-19-related hospitalization was 89% (43–100%) in days 7–56 
after the second dose. Vaccine effectiveness could not be meaning-
fully estimated for the other outcomes and time periods due to the 
small number of events.

Discussion
In this study, we estimated that the BNT162b2 mRNA COVID-19 
vaccine is as effective for pregnant women as previously reported for 
the general population during the same time period: 96% effective-
ness against documented infection and 97% effectiveness against 
symptomatic infection 7–56 d after receipt of the second vaccine 
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cumulative incidence and the shaded areas are the 95% CIs. The vertical lines at days 28 and 77 demarcate the period when an individual was considered 
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1 versus 0a

RRs and RDs (per 100,000 persons) of COVID-19 outcomes for vaccination versus no vaccination at several time points after vaccination in pregnant women who are members of the CHS,  
20 December 2020 through to 3 June 2021. The study population numbered 10,861 individuals in each arm and 1,529 individuals were first included as unvaccinated and then re-recruited as vaccinated.  
aEstimates were only calculated for cells with more than five events; otherwise, raw counts are reported.
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Of the matched individuals, 18% had at least 1 risk factor for severe 
COVID-19, the most common being obesity.

During a median follow-up of 77 d, 131 infections were docu-
mented in the vaccination group and 235 infections in the control 
group (Fig. 1). Event counts in each of the analysis periods (for 
individuals who were eligible to be included in the analysis for that 
period) are included in Supplementary Table 3. Cumulative inci-
dence curves from baseline (first vaccine dose for the vaccinated 
group) are shown in Fig. 1 for the documented infection outcome 
and in Extended Data Figs. 2–4 for the additional outcomes. The 
curves in the vaccinated and unvaccinated groups are similar 
until day 14, when incidence in the vaccinated group begins to  
decline sharply.

The estimated vaccine effectiveness for documented infections 
was 67% (95% confidence interval (CI) = 40–84%) in days 14–20 
after the first dose, 71% (33–94%) in days 21–27 after the first dose 

and 96% (89–100%) in days 7–56 after the second dose (Table 1). 
The estimated vaccine effectiveness for symptomatic infection was 
66% (95% CI = 32–86%) in days 14–20 after the first dose, 76% 
(30–100%) in days 21–27 after the first dose and 97% (91–100%)  
in days 7–56 after the second dose. Vaccine effectiveness for  
COVID-19-related hospitalization was 89% (43–100%) in days 7–56 
after the second dose. Vaccine effectiveness could not be meaning-
fully estimated for the other outcomes and time periods due to the 
small number of events.

Discussion
In this study, we estimated that the BNT162b2 mRNA COVID-19 
vaccine is as effective for pregnant women as previously reported for 
the general population during the same time period: 96% effective-
ness against documented infection and 97% effectiveness against 
symptomatic infection 7–56 d after receipt of the second vaccine 
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cumulative incidence and the shaded areas are the 95% CIs. The vertical lines at days 28 and 77 demarcate the period when an individual was considered 
‘fully vaccinated’ in the manuscript (7 through to 56!d after receipt of the second dose). The curve represents the numbers at risk at each time point, along 
with the cumulative number of events. Each individual was included only once in each study group but individuals could move from the unvaccinated to 
the vaccinated group after receipt of the vaccine.
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The estimated vaccine effectiveness for symptomatic infection was 
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in days 7–56 after the second dose. Vaccine effectiveness for  
COVID-19-related hospitalization was 89% (43–100%) in days 7–56 
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fully estimated for the other outcomes and time periods due to the 
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In this study, we estimated that the BNT162b2 mRNA COVID-19 
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the general population during the same time period: 96% effective-
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cumulative incidence and the shaded areas are the 95% CIs. The vertical lines at days 28 and 77 demarcate the period when an individual was considered 
‘fully vaccinated’ in the manuscript (7 through to 56!d after receipt of the second dose). The curve represents the numbers at risk at each time point, along 
with the cumulative number of events. Each individual was included only once in each study group but individuals could move from the unvaccinated to 
the vaccinated group after receipt of the vaccine.
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TABLE 2. Clinical outcomes and severity among case-infants aged 
<6 months hospitalized with COVID-19, by maternal vaccination 
status during pregnancy* — 20 pediatric hospitals, 17 states,† 
July 2021–January 2022

Characteristic (no. unknown)

Maternal vaccination status during 
pregnancy, n/N (%)

Total  
(N = 176)

Unvaccinated 
(n = 148)

Vaccinated (2-doses 
of mRNA COVID-19 

vaccine) (n = 28)

Intensive care unit admission 43/176 (24.4) 38/148 (25.7) 5/28 (17.9)
Critically ill infants on 

life support (4)
25/172 (14.5) 21/144 (14.6) 4/28 (14.3)

Invasive mechanical 
ventilation (4)

11/172 (6.4) 10/144 (6.9) 1/28 (3.6)

Noninvasive mechanical 
ventilation (4)

18/172 (10.5) 15/144 (10.4) 3/28 (10.7)

Vasoactive infusions (4) 6/172 (3.5) 5/144 (3.5) 1/28 (3.6)
Extracorporeal membrane 

oxygenation (4)
1/172 (0.6) 1/144 (0.7) 0/28 (—)

Infants with discharge 
data, n/total N (%)

170/176 (96.6) 142/148 (96.0) 28/28 (100)

Hospital length of stay, 
median days§ (IQR) (8)

2 (1–3) 2 (1–3) 2 (1–5)

Died before discharge (6) 1/170 (0.6) 1/142 (0.7) 0/28 (—)

* COVID-19 vaccination status included the following two categories: 
1) unvaccinated (mothers who did not receive COVID-19 vaccine doses before 
their infant’s hospitalization) or 2) vaccinated (mothers who completed their 
2-dose primary mRNA COVID-19 vaccination series during pregnancy and 
≥14 days before delivery).

† Infants were enrolled from 20 pediatric hospitals in 17 states. Northeast: Boston 
Children’s Hospital (Massachusetts), Cooperman Barnabas Medical Center 
(New Jersey), and Children’s Hospital of Philadelphia (Pennsylvania); Midwest: 
Akron Children’s Hospital (Ohio), Nationwide (Ohio), Children’s Mercy Kansas 
City (Missouri), Mayo Clinic (Minnesota), Riley Children’s (Indiana), Lurie 
Children’s Hospital (Illinois), Minnesota Masonic (Minnesota), and Children’s 
Hospital of Michigan (Michigan); South: Arkansas Children’s Hospital (Arkansas), 
University of North Carolina at Chapel Hill Children’s Hospital (North Carolina), 
Medical University of South Carolina Children’s Health (South Carolina), Texas 
Children’s Hospital (Texas), Children’s Hospital of New Orleans (Louisiana), and 
Children’s Healthcare of Atlanta, Emory (Georgia); West: Children’s Hospital 
Colorado (Colorado), Children’s Hospital Los Angeles (California), and University 
of California San Diego-Rady Children’s Hospital (California).

§ Hospital length of stay was missing for eight case-infants born to unvaccinated 
mothers.

confidence interval was wide and should be interpreted with 
caution, and later in pregnancy (21 weeks through 14 days 
before delivery) was 80% (95% CI = 55% to 91%).

Discussion

During July 2021–January 2022, maternal completion of a 
2-dose primary mRNA COVID-19 vaccination series during 
pregnancy was associated with reduced risk for COVID-19 
hospitalization among infants aged <6 months in a real-world 
evaluation at 20 U.S. pediatric hospitals during a period of 
Delta and Omicron variant circulation. Among 176 infants 
aged <6 months hospitalized with COVID-19, 148 (84%) were 
born to mothers who were not vaccinated during pregnancy. 
Although booster doses are recommended for pregnant women, 
VE of maternal booster doses received during pregnancy could 

TABLE 3. Effectiveness* of maternal 2-dose primary mRNA COVID-19 
vaccination against COVID-19-associated hospitalization in infants aged 
<6 months, by timing of maternal vaccination during pregnancy† — 
20 pediatric hospitals, 17 states,§ July 2021–January 2022

Timing of maternal vaccination 
during pregnancy†

No. vaccinated¶/Total (%)
Vaccine 

effectiveness,* 
% (95% CI)

Case-
infants

Control-
infants

Any time 28/176 (15.9) 65/203 (32.0) 61 (31 to 78)
Early (first 20 weeks) 17/165 (10.3) 26/164 (15.9) 32 (–43 to 68)
Late (21 weeks’ gestation through 

14 days before delivery)
9/157 (5.7) 38/176 (21.6) 80 (55 to 91)

* Vaccine effectiveness estimates were based on odds of antecedent maternal 
vaccination during pregnancy in case-infants versus control-infants, adjusted 
for U.S. Census region, admission date (biweekly intervals), continuous age, 
sex, and race/ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic 
other, Hispanic of any race, or unknown).

† Timing of vaccination is based on date of receipt of the second dose of a 2-dose 
primary mRNA COVID-19 vaccination series during pregnancy. Gestational 
age was missing for seven of 90 (7.8%) infants born to vaccinated mothers 
with known timing of the second dose, and for these infants classification of 
vaccination timing was based on gestational age of 40 weeks.

§ Infants were enrolled from 20 pediatric hospitals in 17 states. Northeast: Boston 
Children’s Hospital (Massachusetts), Cooperman Barnabas Medical Center 
(New Jersey), and Children’s Hospital of Philadelphia (Pennsylvania); Midwest: 
Akron Children’s Hospital (Ohio), Nationwide (Ohio), Children’s Mercy Kansas 
City (Missouri), Mayo Clinic (Minnesota), Riley Children’s (Indiana), Lurie 
Children’s Hospital (Illinois), Minnesota Masonic (Minnesota), and Children’s 
Hospital of Michigan (Michigan); South: Arkansas Children’s Hospital (Arkansas), 
University of North Carolina at Chapel Hill Children’s Hospital (North Carolina), 
Medical University of South Carolina Children’s Health (South Carolina), Texas 
Children’s Hospital (Texas), Children’s Hospital of New Orleans (Louisiana), and 
Children’s Healthcare of Atlanta, Emory (Georgia); West: Children’s Hospital 
Colorado (Colorado), Children’s Hospital Los Angeles (California), and University 
of California San Diego-Rady Children’s Hospital (California).

¶ COVID-19 vaccination status included the following two categories: 
1) unvaccinated (mothers who did not receive COVID-19 vaccine doses before 
their infant’s hospitalization) or 2) vaccinated (mothers who completed their 
2-dose primary mRNA COVID-19 vaccination series during pregnancy and 
≥14 days before delivery).

not be assessed because of small sample size, which likely under-
estimated VE. Overall, these findings indicate that maternal 
vaccination during pregnancy might help protect against 
COVID-19 hospitalization among infants aged <6 months.

COVID-19 during pregnancy is associated with severe ill-
ness and death (7), and pregnant women with COVID-19 are 
more likely to experience preterm birth, stillbirth, and other 
pregnancy complications (8). Vaccination is recommended 
for pregnant women to prevent COVID-19, including severe 
illness and death. COVID-19 vaccination is safe and effec-
tive when administered during pregnancy (9,10). Receipt of 
COVID-19 vaccination during pregnancy is associated with 
detectable maternal antibodies in maternal sera at delivery, 
breast milk, and infant sera indicating transfer of maternal 
antibodies (3–5). The higher VE point estimates among infants 
born to women vaccinated later in pregnancy are consistent 
with the possibility of transplacental transfer of SARS-CoV-2–
specific antibodies that might provide protection to infants. 
The optimal timing of maternal vaccination for the transfer 
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with the BNT162b2 mRNA vaccine
during pregnancy to their neonates,
with a positive correlation between the
maternal serum and cord blood anti-
body concentrations. Neonatal blood
spot and breast milk samples of vacci-
nated parturient women were also posi-
tive for SARS-CoV-2 IgG. Vaccine-
induced maternal serum and cord blood
antibody titers were higher than those
found in recovered COVID-19 patients.
The presence of neonatal SARS-CoV-

2 antibodies after maternal vaccination
indicates that in addition to maternal
protection against COVID-19, the
BNT162b2 mRNA vaccine may also
provide neonatal immunity while
humoral response is still inefficient.
Such findings may provide important
additional insight for deciding whether
to vaccinate pregnant women, especially
given the increased maternal morbidity
and mortality associated with COVID-
19 in pregnancy.

Results in the context of what is
known
In a previous study on parturient
women who had COVID-19 during
pregnancy, maternal SARS-CoV-2 IgG
antibodies were transferred across the
placenta in 87% of the patients. In addi-
tion, cord blood antibody levels were
correlated with maternal antibody con-
centrations and the duration between
onset of infection and delivery.9 In our
study, cord and neonatal blood spot lev-
els of antibodies were significantly
higher in infants of vaccinated parturi-
ent women than in those of women
recovered from COVID-19. In line with
our results, a recent study by Gray et
al22 also showed a greater response in
vaccinated women than in recovered
patients. Yet, it is unclear whether vacci-
nation confers better neonatal immu-
nity than maternal infection with
SARS-CoV-2 during pregnancy. Of
note, the time elapsed between disease
or vaccination and delivery was signifi-
cantly longer among the COVID-19-

FIGURE 1
Association between maternal and neonatal SARS-CoV-2 IgG

Association between maternal serum and (A) neonatal cord SARS-CoV-2 specific IgG; (B) neonatal
dried blood spot specific SARS-CoV-2 IgG; (C) breastmilk SARS-CoV-2 specific IgG.
IgG, immunoglobulin G.

Nir. Maternal-neonatal SARS-CoV-2 immunoglobulin G antibodies transfer following vaccination of pregnant women.
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recovered patients, which could also
explain the difference we found in cord
and neonatal blood antibody levels
between the 2 groups.
The optimal timing of maternal vac-

cination to achieve maximal protection
of the newborn is still unknown. Mithal
et al23 recently showed that the antibody
transfer ratio seems to increase with
latency from vaccination, suggesting
that earlier vaccination may produce
greater infant immunity. Studies on
other vaccinations found that placental
transfer ratios increased when the time
between maternal infection and delivery
was longer.24 Other vaccinations in
pregnancy such as tetanus toxoid,
reduced diphtheria toxoid, and acellular
pertussis (Tdap) immunization are
given between 27 and 36 weeks of gesta-
tion according to the American College
of Obstetricians and Gynecologists and
the US Centers for Disease Control and
Prevention recommendations.25 How-
ever, some studies have indicated that
the Tdap vaccine might be more effec-
tive when administered during the sec-
ond trimester of pregnancy.26 In the
current study, all participants were vac-
cinated in the third trimester at a mean
gestational age of 33.5 weeks, but no
correlation between time from vaccina-
tion and cord blood antibody levels was

demonstrated. However, a recent study
including 20 parturient women who
received the BNT162b2 mRNA
COVID-19 vaccine found cord blood
antibody concentrations to be corre-
lated with time since vaccination.27 The
placental transfer ratio reported in this
study was 0.34, which is lower than the
ratio of 0.77 found in our study. This
difference may be attributed to the lon-
ger interval between vaccination and
delivery in our cohort (21.7 vs 11 days).
Because transplacental transfer begins
at around 17 weeks of gestation,
increasing exponentially as gestation
advances, maternal vaccination in the
early second trimester might be optimal
for neonatal protection.28 Data derived
from other vaccine studies indicate that
transplacentally acquired antibodies
usually decline by the second month of
life, and the protective efficacy is
expected to be reduced at the age of 6 to
12 months.

Based on our study, we cannot esti-
mate the duration of the potential pro-
tection against COVID-19 among
infants. However, we demonstrated
SARS-CoV-2 IgG in breast milk sam-
ples of lactating women after delivery,
which may further enhance neonatal
immunity. Similarly, Gray et al showed
the presence of vaccine-generated

antibodies in breast milk samples of 31
lactating women who received the
COVID-19 mRNA vaccine.22 The role
and extent to which antibodies trans-
ferred through breast milk can protect
breastfed infants is still unresolved.

Clinical and research implications
The results of this study show that in
addition to maternal protection against
COVID-19 during pregnancy, the novel
BNT162b2 mRNA vaccine may also
potentially provide protection to new-
borns during the sensitive period in
which their humoral protection is inef-
fective. Further research is needed to
reinforce public health policy regarding
vaccination during pregnancy. Despite
the reassuring findings of the current
study, further research is also needed to
determine several unanswered ques-
tions. First, for how long does the
potential humoral protection from
COVID-19 lasts, and how clinically
effective is this protection during
infancy. Second, the optimal timing of
vaccination during pregnancy with
regard to neonatal protection remains
unresolved, and additional large-scale
research is required.

Strengths and limitations
This is a large study assessing maternal-
neonatal transfer of antibodies follow-
ing COVID-19 vaccination of pregnant
women. The strengths of our study
include: the prospective assessment of
several different markers of maternal-
neonatal transfer of antibodies in a
short period of time; sample collection
in close temporal proximity to the date
of vaccination; and the inclusion of a
relatively large cohort of vaccinated par-
turient women, an important group
which was not previously included in
clinical trials evaluating the effective-
ness of the BNT162b2 mRNA vaccine.
Moreover, a comparison group of
COVID-19-recovered parturient
women was also included using the
same methods. This study has several
limitations: first, lack of long-term fol-
low-up and serial sample collection.
Second, because all women were vacci-
nated during a short window of the
third trimester (33.5§3 weeks), we

FIGURE 1 CONTINUED.
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