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Objective: People with Down syndrome (DS) are particularly vulnerable to coronavirus disease 2019
(COVID-19) and show altered immune response to vaccination. We aimed to evaluate the immune
response of a group of adults with DS treated with standard regimens of SARS-CoV-2 vaccine as
compared with an age- and sex-matched group of persons without DS.

Methods: We compared antibody responses between 42 subjects with DS (41.6 + 10.8 years, 57% male),
and an age- and sex-matched comparison group of healthy health care workers (HCW) (41.4 + 8.8 years,
54.8% male) after SARS-CoV-2 vaccination with the standard regimen of BNT162b2 mRNA COVID-19.
Receptor binding domain (RBD) IgG antibodies were assessed at 4 time points (baseline, 21 days after

Editor: J. Bielicki

Keywords: the first dose, 21 days after the second dose, and 6 months after the first dose) with Siemens SARS-CoV-2
COVID-19 IgG (COV2G) antibody test.
Down syndrome Results: We observed significantly different antibody responses at all time points after vaccination (HCW
Efficacy vs. DS: 7.9 + 3.9 vs. 1.4 + 3.6 IU/mL at 21 days after first dose; 358.5 + 3.8 vs. 38.1 + 3.0 [U/mL at 21 days
\S//;x\ScSi;]Ca?gr? after second dose; 34.6 + 2.4 vs. 7.9 + 3.1 IU/mL at 6 months after vaccination) and a significantly
different time course of decline in antibody titers between the two groups.
Discussion: Subjects with DS have a valid antibody response to SARS-CoV-2 vaccination. However, this
response is lower than that of subjects in the HCW group. This finding could indicate a more rapid
decline in the protective effects of the vaccination in subjects with DS and could suggest that people with
DS may benefit from a booster dose of vaccine. Michela Sali, Clin Microbiol Infect 2022;28:1155.e1
—1155.e4
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
Introduction several factors, including the impaired inflammatory profile in DS

People with Down syndrome (DS) have shown a particular
vulnerability when affected by COVID-19 and therefore in many
countries they have been prioritized to receive anti-SARS-CoV-2
vaccination [1]. It is thought that the causes of this increased risk
of adverse events in DS can be ascribed to the contribution of
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[2], the not fully elucidated interactions between the SARS-CoV-2
genome and the genetic alterations of DS [3,4], and the inherent
complexity of clinical management of these individuals [5,6].
Moreover, due to altered immune responses, introduction of
additional booster doses is known to be required for other standard
vaccines in people with DS [7]. Although available data so far
indicate good efficacy, safety, and tolerability of SARS-CoV-2 vac-
cines in the general population, there is no data available on the
effects in persons with DS.

We aimed to evaluate the immune response of a group of
adults with DS treated with standard regimens of SARS-CoV-2

1198-743X/© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All rights reserved.


mailto:angelo.carfi@policlinicogemelli.it
www.sciencedirect.com/science/journal/1198743X
http://www.clinicalmicrobiologyandinfection.com
https://doi.org/10.1016/j.cmi.2022.04.008
https://doi.org/10.1016/j.cmi.2022.04.008
https://doi.org/10.1016/j.cmi.2022.04.008

1155.e2

vaccine as compared with an age- and sex-matched group of
persons without DS.

Methods

This prospective study took place in the Day Hospital of
Health Care Continuity of Fondazione Policlinico Universitario A.
Gemelli IRCCS between March and December 2021. We randomly
selected adults with DS in clinical follow-up (FU) at the Day
Hospital who received the SARS-CoV-2 vaccination. No particular
inclusion criteria were applied except not having contracted
COVID-19, being eligible for vaccination, and being willing to
participate. Data were compared with those obtained from
healthy health care workers (HCW) of our institution since
January 2021 and meeting the same inclusion criteria. The two
groups were matched for age and sex by the cardinality method
provided by the Matchlt package in R with the optimization
performed by GLPK [8].

All participants received two doses of BNT162b2 mRNA COVID-
19 vaccine (Comirnaty) 21 days apart and were assessed for the
detection of receptor binding domain (RBD) IgG antibodies using
Siemens SARS-CoV-2 IgG (COV2G) antibody tests [9], at 4 time
points:

1. TO — Baseline assessment at day O in the same morning before
the first vaccine dose.

2. T1 —1st FU visit at day 21, that is, 21 days after the first dose, in
the same morning before the second vaccine dose.

3. T2 — 2nd FU visit at day 42, that is, 21 days after completing the
vaccination schedule.

4, T3 — 3rd FU visit at day 180, that is, 6 months after the first dose.

Immune response was normalized according to World Health
Organization standards [10] and expressed in international units
(IU/mL). Besides the peripheral blood draw for antibody detection,
a comprehensive medical assessment and a detailed history on
possible SARS-CoV-2 exposure, contagion and clinical course were
obtained at each visit.

Comparisons were performed with 72 test for categorical vari-
ables. Because of their extreme scatter and skewness, antibody ti-
tres were analysed after logarithmic transformation. Results were
presented as geometric mean and standard deviation factor. For
each timepoint, comparisons of treatment effect were performed
by t-test of the ratio of the logarithm of the antibody titre. A linear
mixed-effects model for repeated measurements was used to study
the time course of antibody responses in the two groups under
study. Data were analysed with R v4.03.
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The study received approval from the national ethical commit-
tee (3/31/2021) and informed consent was collected for each study
subject.

Results

As shown in Table 1, 42 subjects with DS (mean age
41.6 + 10.8 years, 57% male) were enrolled. RBD-IgG antibodies,
determined at different times from the administration of the first
two doses of vaccine, were compared with those of 42 HCWs
(mean age 414 + 8.8 years, 54.8% male) with significantly
different antibody responses at all the time points after vacci-
nation (Table 1 and Fig. 1, upper panel). The model compared rate
of change of the logarithm of the antibody titre of the two groups
at different timepoints using HCW group values at time TO as a
reference point. Statistically significant interactions between
group and timepoint emerged: at all timepoints, the DS group
presented a significantly lower trend indicating a lower treat-
ment effect (Fig. 1, bottom panel, details in the supplemental
materials). However, it is worth noting that between timepoints
T2 and T3, the decrease in antibody titre in the DS group was
smaller.

Discussion

This study reports a first evidence of antibody response to SARS-
CoV-2 vaccination in a sample of people with DS. A significant
difference is seen both at time T2 and at time T3. Importantly, the
DS group has appreciable responses even if evidently lower
compared to the ones in the comparison group. However, the fact
that antibody levels decline to a lower level could reflect the risk of
no longer being protected by the effects of vaccination at an earlier
time than the general population.

These findings appear to be in line with previous research
highlighting an altered immune response against various microbial
species and after vaccine administration [11]. A similar pattern of
response resembles that observed also in other conditions of
immunosuppression [12].

The study has several limitations as it assesses only the effect of
a single type of vaccine, it compares two groups of subjects con-
sisting of convenience samples, it only measured IgG titres and no
other immunoglobulins, and most of all it lacks analyses of the cell-
mediated immune response. Nonetheless, these preliminary results
raise the question on how to properly manage large-scale vacci-
nation in this vulnerable population.

While further research in the field is certainly recommended,
we believe that in view of our findings, of the increased risk of

Table 1
Study population and antibody titres
HCW (n = 42) DS (n = 42) p
Age, y (SD) 414 (8.8) 41.6 (10.8) 0.91
Male sex, n (%) 23 (54.8) 24 (57.1) 1
RBD IgG antibodies, I[U/mL (geometric mean and SD factor)
TO — day 0, first vaccine dose 0.0 0.0 —
T1 — day 21, second vaccine dose 7.9 (3.9) 1.4 (3.6) <0.001
T2 — day 42, 21 d after second dose 358.5 (3.8) 38.1(3.0) <0.001
T3 — 6 mo 34.6 (2.4) 7.9 (3.1) <0.001

DS, Down syndrome, HCW, health care workers; IU, international units; RBD, receptor binding domain.
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Fig. 1. Upper panel: Boxplots of the antibody responses at different time points after vaccination. Lower panel: Rate of change of the logarithm of the antibody titre at different time
points after vaccination. DS, Down syndrome; HCW, health care workers; IU, international units; RBD, receptor binding domain.

adverse events from COVID-19 in these individuals, and of the
worryingly different accessibility to care these people received
during the pandemic [13], it would be important to encourage their
prioritization to receive a third booster dose.

Funding
No external funding was received.
Author’'s contributions

MS - conceptualization, methodology, validation, resources,
data curation, writing review/editing, supervision; AC - conceptu-
alization, methodology, software, formal analysis, data curation,
writing original draft, visualization, supervision; ADP - investiga-
tion, data curation, project administration; MPB - investigation,
data curation; GZ - conceptualization, methodology, supervision;

MS - conceptualization, methodology, resources, supervision; FL -
conceptualization, methodology, resources, supervision; GO -
conceptualization, methodology, validation, resources, data cura-
tion, writing review/editing.

Transparency declaration

The authors declare no conflict of interest. This research has
been partially supported by public funds derived from the “5 per
mille” system.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2022.04.008.


https://doi.org/10.1016/j.cmi.2022.04.008

1155.e4 M. Sali et al. / Clinical Microbiology and Infection 28 (2022) 1155.e1—1155.e4

References [7] Valentini D, Marcellini V, Bianchi S, Villani A, Facchini M, Donatelli 1, et al.
Generation of switched memory B cells in response to vaccination in Down

[1] Hiils A, Costa ACS, Dierssen M, Baksh RA, Bargagna S, Baumer N, et al. Medical syndrome chlldrgn and their siblings, Vaccine 2015:33:6689_96' .
vulnerability of individuals with Down syndrome to severe COVID-19-data [8] Ho DE, “F‘a‘ K K”?g G, Stuart EA, Matchit: nonparametric preprocessing for
from the Trisomy 21 Research Society and the UK ISARIC4C survey. EClini- Paf%met“c causal inference. ] Stat Softw 2011;42:1-28.
calMedicine 2021:33:100769. [9] Florin L Maeleghegr K, Vandewal W, Bernard D Robbrecht J. Pe}'formance

[2] Espinosa JM. Down syndrome and COVID-19: a perfect storm? Cell Rep Med evaluation of the Siemens SARS-CoV-2 total antibody and IgG antibody test.
2020:1:100019 Lab Med 2021;52:e147-53.

13] lllou£ T Biraggm A, Frenkel-Morgenstern M, Weissberg O, Gorohovski A [10] Kristiansen PA, Page M, Bernasconi V, Mattiuzzo G, Dull P, Makar K, et al. WHO
Merzon E, et al. Specific susceptibility to COVID-19 in adults with Down 12r:)t2e;r.13a;170'ria;475t8andard for ~anti-SARS-CoV-2  immunoglobulin.  Lancet
syndrome. Neuromolecular Med 2021;23:561-71. ¥ . o A N

[4] De Toma 1, Dierssen M. Network analysis of Down syndrome and SARS- [11] Verstegen RHJ,' Kusters MAA. Inborn errors of adaptive immunity in Down
CoV-2 identifies risk and protective factors for COVID-19. Sci Rep syndrt_)me.] Clin lmmunol 2020:40:79]_.806' . . .
2021:11:1-12 [12] Venerito V, Stefanizzi P, Fornaro M, Cacciapaglia F, Tafuri S, Perniola S, et al.

[5] Carfi A, Vetrano DL, Mascia D, Meloni E, Villani ER, Acampora N, et al. Adults Imrrlllun.ogenilclff)‘/ of B_II:IN1'1:16132325ml.{NQNSISRS—C0\12-(2)2\2/£j1§?1r66(3)1134[7)atlent5 with
with Down syndrome: a comprehensive approach to manage complexity. psoriatic arthritis on T Inh 160rs. pen 20z2;5:€ L
] Intellect Disabil Res 2019:63:624—9, [13] Baksh RA, Pape SE, Smlth 1, Strydom A. Qnderstandlng mequa!meg in COVID-

[6] Carfi A, Romano A, Zaccaria G, Villani ER, Manes Gravina E, Vetrano DL, et al. 19 outcomes following hospital admission for people with intellectual

The burden of chronic disease, multimorbidity, and polypharmacy in adults disability compared .to Fhe general population: a matched cohort study in the
with Down syndrome. Am ] Med Genet A 2020;182:1735—43. UK. BMJ Open 2021;11:e052482.


http://refhub.elsevier.com/S1198-743X(22)00213-0/sref1
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref1
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref1
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref1
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref2
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref2
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref3
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref3
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref3
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref3
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref4
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref4
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref4
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref4
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref5
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref5
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref5
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref5
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref6
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref6
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref6
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref6
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref7
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref7
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref7
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref7
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref8
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref8
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref8
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref9
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref9
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref9
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref9
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref10
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref10
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref10
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref10
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref11
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref11
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref11
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref12
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref12
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref12
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref13
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref13
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref13
http://refhub.elsevier.com/S1198-743X(22)00213-0/sref13

	SARS-CoV-2 vaccine humoral response in adults with Down syndrome
	Introduction
	Methods
	Results
	Discussion
	Funding
	Author's contributions
	Transparency declaration
	Appendix A. Supplementary data
	References


