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Abstract

Data on cross‐neutralization of the SARS‐CoV‐2 omicron variant more than

1 year after SARS‐CoV‐2 infection are urgently needed, especially in children,

to predict the likelihood of reinfection and to guide vaccination strategies. In a

prospective observational cohort study, we evaluated live‐virus neutralization

of the SARS‐CoV‐2 omicron (BA.1) variant in children compared with adults

14 months after mild or asymptomatic wild‐type SARS‐CoV‐2 infection. We

also evaluated immunity to reinfection conferred by previous infection plus

COVID‐19 mRNA vaccination. We studied 36 adults and 34 children 14 months

after acute SARS‐CoV‐2 infection. While 94% of unvaccinated adults (16/17)

and children (32/34) neutralized the delta (B.1.617.2) variant, only 1/17 (5.9%)

unvaccinated adults, 0/16 (0%) adolescents and 5/18 (27.8%) children <12

years of age had neutralizing activity against omicron (BA.1). In convalescent

adults, one or two doses of mRNA vaccine increased delta and omicron

neutralization 32‐fold, similar to a third mRNA vaccination in uninfected adults.
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Neutralization of omicron was 8‐fold lower than that of delta in both groups.

In conclusion, our data indicate that humoral immunity induced by previous

SARS‐CoV‐2 wild‐type infection more than 1 year ago is insufficient to

neutralize the current immune escape omicron variant.

K E YWORD S

children, COVID‐19, immune escape, live‐virus neutralization, omicron variant, SARS‐CoV‐2,
vaccination

1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus type 2 (SARS‐

CoV‐2) has infected more than 750 million people worldwide in

the past 3 years.1 Infections in children are frequently asympto-

matic or mild.2–4 Data on long‐term vaccine‐acquired versus

infection‐acquired immunity are scarce in this age group. Vaccine

efficacy of wild‐type vaccines against the immune‐evading

omicron variant is reduced.5,6 Therefore, there is a higher

reluctance to recommend and administer COVID‐19 vaccines to

children despite regulatory approval.7,8

Due to high SARS‐CoV‐2 infection rates and low vaccination

coverage in children under the age of 12 years, especially in

countries with poor vaccine availability, their first SARS‐CoV‐2

antigen contact is frequently the natural infection rather than

the vaccination. Previous studies on the humoral immune

response to infection observed that neutralizing antibodies peak

at 1 month postinfection and decrease thereafter with a more

rapid waning of immunity in the first 2–3 months.9 Despite

humoral waning, immunity was observed in most children with

equal10–13 or higher14,15 neutralization activity compared to

adults several months after mild or asymptomatic SARS‐CoV‐2

infection. However, data on virus neutralizing activity with a

follow‐up of more than 1 year are scarce10,13 and currently

missing for the predominant omicron variant. Live‐virus neutrali-

zation against the omicron variant is of particular interest in this

context, because serological assays are designed to detect

SARS‐CoV‐2 wild‐type virus and neutralization of previous

variants overestimate neutralization of the immune‐evading

omicron variant.16

Therefore, the aim of this study was to investigate live‐virus

neutralization of the omicron variant in children compared

with adults more than 1 year after mostly mild or asymptomatic

wild‐type SARS‐CoV‐2 infection to predict their level of

humoral protection. Live‐virus neutralization was investigated

as a surrogate readout for the risk of SARS‐CoV‐2 (re‐)infection,

because it has a high predictive value for protection against

SARS‐CoV‐2 infection.17,18 We also examined immunity

to reinfection mediated by prior infection and COVID‐19

vaccination.

2 | METHODS

2.1 | Study design and conduct

This study is part of a multicenter noninterventional, prospective

observational cohort study on the seroprevalence and humoral

immune response after SARS‐CoV‐2 wild‐type infection in house-

holds with at least one RT‐PCR confirmed index case and at least one

child in the Federal State of Baden‐Württemberg, Germany (German

Registry for Clinical Studies (DRKS), study ID 00021521). It was

initiated by the University Children's Hospitals in Heidelberg,

Freiburg, Tübingen and Ulm. Results on household transmissions19

and humoral immune dynamics13 including neutralization of the

B.1.617.2 (delta) variant in convalescent unvaccinated adults and

children have been published previously. Blood samples and data for

this substudy were collected at the study site in Heidelberg. 395

households who met the eligibility criteria were invited via the

respective local health authorities of the districts Heidelberg/Rhein‐

Neckar, Mannheim, Karlsruhe, and Neckar‐Odenwald; 143 of 395

households (36.2%) voluntarily participated. Households that met all

of the following inclusion criteria were eligible for enrollment at T1: (i)

≥1 household member with a reverse transcriptase polymerase chain

reaction (RT‐PCR)‐proven SARS‐CoV‐2 infection from a naso-

pharyngeal or oropharyngeal swab specimen taken ≥4 weeks before

the study visit, (ii) ≥1 household member <18 years of age, (iii)

residency in the state of Baden‐Württemberg, and (iv) all household

members were officially released from quarantine. Key exclusion

criteria were: (i) missing written consent, and (ii) missing knowledge

of the German language. Study participants were investigated at the

first time point (T1) from May 11 to June 20, 2020. They were asked

to answer a questionnaire on age, sex, on the result of their SARS‐

CoV‐2 RT‐PCR test including test date, on COVID‐19‐associated

symptoms and on the requirement for hospitalization.

A subset of children and their parents who were seropositive at

T1 were invited for follow‐up (T2) from May 20–28, 2021, 362 ± 8

days after T1. Children and their parents or guardians who were

seropositive at T1 and had no laboratory‐confirmed reinfection since

T1 were eligible for follow‐up at T2. They answered additional

questions on SARS‐CoV‐2 vaccines since T1 including details on the

number, manufacturers, and dates of the respective vaccinations.

2 of 11 | STICH ET AL.

 10969071, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jm

v.28582 by A
lbert-L

udw
igs-U

niversität, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Because booster vaccination after SARS‐CoV‐2 infection was not

recommended in children during the study period, we determined the

effect of mRNA vaccination on neutralizing live‐virus 14 months after

wild‐type infection in adults. Only vaccinated participants who (i) had

received BNT162b2 by BioNTech or mRNA‐1273 by Moderna and

(ii) were vaccinated 7 to 45 days before blood collection were

included. An age‐matched and delta neutralization titer‐matched

healthy control group of mRNA vaccinated adults without prior

SARS‐CoV‐2 infection (negative antinucleocapsid pan‐Ig) from a

previously published cohort20 was analyzed for comparison.

The study was designed, analyzed and reported according to the

STROBE guidelines (https://www.strobe‐statement.org).

2.2 | Detection of SARS‐CoV‐2‐reactive antibodies

We analyzed samples for the presence of antibodies reactive against

Sars‐CoV‐2 proteins with commercially available immunoassays. The

following tests were performed: (i) Elecsys® Anti‐SARS‐CoV‐2 test kit

detecting pan‐Ig against the N protein (09 203 095 190; Roche) run on

a Roche Cobas 601 module, (ii) a test kit detecting antibodies reactive

against the receptor binding domain (RBD) of the S1 glycoprotein

(ADVIA Centaur sCOVG; 11207377; Siemens) run on a Siemens

ADVIA Centaur. To convert measured indices to the WHO interna-

tional standard Binding Antibody Units per milliliter (BAU/mL), we

used a factor of 21.8. Sera that tested positive in at least one of these

two assays were further subjected to enzyme‐linked immunosorbent

assay (ELISA) measurements of the S1 domain of the viral spike protein

(Euroimmun Anti‐SARS‐CoV‐2‐ELISA [IgG] test kit; Euroimmun AG,

Lübeck, Germany, EI 2606‐9601 G) on a Euroimmun Analyzer I. Sera

that were positive in at least two assays were considered positive.

2.3 | Neutralization capacity against the
SARS‐CoV‐2 variants B.1.617.2 (delta) and BA.1
(omicron)

The neutralization capacity of sera was determined in titration

experiments as described previously.21,22 The SARS‐CoV‐2 variants

of concern B.1.617.2 (delta) and BA.1 (omicron) were isolated from

nasopharyngeal swabs of respective RT‐PCR‐ and sequencing‐

confirmed SARS‐CoV‐2‐positive patients. B.1.617.2 variant was

amplified in VeroE6 cells. Stocks of B.1.1.529 were produced in

Calu‐3 cells to avoid rapid cell culture adaptation. Virus stocks were

validated by genome sequencing and titers were determined by a

MedianTissue Culture Infectious Dose (TCID50) assay. To determine

neutralization capacity, two‐fold serial dilutions of sera were

prepared in OptiMEM medium and incubated with 6 × 104 TCID50

of SARS‐CoV‐2 variants B.1.617.2 or BA.1 for 1 h at 37°C. The

mixture was then inoculated to VeroE6 cells to detect whether

SARS‐CoV‐2 were neutralized by serum neutralizing antibodies or

still active to infect the cells. Virus replication was measured after

cells were fixed with 5% formaldehyde at 24 h postinfection using

immunostaining for the viral nucleocapsid with rabbit monoclonal

antibody (Sinobiological) and antirabbit HRP‐conjugated antibody

(Merck). The signal was developed with KPL SureBlueTM 3,3ʹ,5,

5ʹ‐tetramethylbenzidine peroxidase substrate (Seracare) for 5min

and stopped by the addition of 0.5M sulfuric acid. Absorbance was

measured on a Tecan Sunrise plate reader (Tecan) at 450 nm with a

reference wavelength of 620 nm. Values were normalized to those

obtained with cells infected in the absence of patient serum (100%

infection) and noninfected cells (0% infection = assay background).

Inhibition capacity is given as ID50 (serum dilution that reduces the

virus‐specific signal by 50%). A neutralization titer of 1:10 represents

the cut‐off for detection of this neutralization assay.

2.4 | Statistical analysis

Analyses were performed using R version 4.1.1 (R Core Team, 2021)

and GraphPad Prism Version 9. Results for normally distributed

symmetrical variables are presented as mean (standard deviation,

SD), results for skewed variables are presented as median (inter-

quartile range, IQR). Results from live‐virus neutralization experi-

ments were not normally distributed and skewed towards zero

especially for the BA.1 variant. We therefore applied Mann–Whitney

U test for comparison of two and Kruskal–Wallis with Conover test

(pairwise comparisons) for comparison of more than two independent

groups. We used the Wilcoxon matched‐pairs signed rank test for

comparison of paired groups.

We used linear regression models (least square regression [LS],

robust regression [RR] and least trimmed square regression [LTS])

to examine whether commercially available assays detecting anti‐

SARS‐CoV‐2 antibodies (anti‐S1 IgG, anti‐S1‐RBD IgG and anti‐N

pan‐Ig) were able to predict neutralization capacity against the

B.1.617.2 (delta) variant of concern. Receiver operating character-

istic (ROC) curve analysis was performed to compare assays

detecting anti‐SARS‐CoV‐2 antibodies and define a cut‐off anti-

body value to predict neutralization of BA.1 (omicron) (ID50 ≥

1:10) with a sensitivity of at least 80% and highest possible

specificity. No a priori hypotheses were tested; therefore, all

p values are reported as descriptive measures.

3 | RESULTS

3.1 | Participants and characteristics

A total of 554 participants, 312 adults and 242 children, from 143

households were available for analysis 1 to 3 months after acute

SARS‐CoV‐2 infection (Figure 1). A total of 222 participants, 50

children and 172 adults, were classified as seropositive 1 to 3 months

after acute SARS‐CoV‐2 infection. All 50 seropositive children

together with their 59 seropositive parents or guardians were invited

for a follow‐up investigation approximately 1 year after T1. 36

children (response rate, 72%) and 45 parents (response rate, 76%)

STICH ET AL. | 3 of 11
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responded; one child with a SARS‐CoV‐2 reinfection and one child

with insufficient blood sample volume were excluded (Figure 1).

All 34 children aged 11.2 ± 5.0 years (<12 years, n = 18;

12.0–17.9 years, n = 16) and 17 of 45 (38%) adults aged 44.2 ± 9.9

years were unvaccinated. 28 of 45 (62%) adults had been

vaccinated against SARS‐CoV‐2; 9 adults were excluded, because

they had received a non‐mRNA vaccine (n = 4) or samples were

collected less than 7 days after the last vaccination (n = 5).

Ninteen vaccinated adults aged 44.6 ± 10.9 years were included.

They were vaccinated once (BNT162b2 by BioNTech [n = 9] or

RNA‐1273 by Moderna [n = 4]) or twice (all BNT162b2 by

BioNTech [n = 6]) 21 ± 7 days before T2 and 13 to 14 months

after their respective SARS‐CoV‐2 wild‐type infection (Figure 1).

Live‐virus neutralization titer (ID50) against the SARS‐CoV‐2 BA.1

F IGURE 1 Study flow diagram.

4 of 11 | STICH ET AL.
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(omicron) variant were not significantly different between

vaccinated convalescents who had received one or two vaccine

doses (Supporting Information: Figure 1); therefore, we analyzed

both groups together. The sex distribution within the adult and

child groups was balanced (Table 1). The mean time elapsed since

infection in participants with a positive RT‐PCR test result was

423 ± 15 days in children and 425 ± 13 days in adults. Fifty‐one of

70 participants (72.9%) were symptomatic, only one participant

(48‐year‐old) required hospitalization. Adults were more often

symptomatic than children (88.9% vs. 55.9%). 19 vaccinated

healthy adults aged 47.2 ± 10.9 years without prior SARS‐CoV‐2

infection served as controls. They were investigated 15 ± 9 days

before and 22 ± 6 days after the third mRNA vaccination, which

was 7 to 8 months after the second vaccine dose.

3.2 | Neutralization of SARS‐CoV‐2 B.1.617.2
(delta) and BA.1 (omicron) variants 14 months after
wild‐type infection

We measured neutralizing antibodies against SARS‐CoV‐2 var-

iants B.1.617.2 (delta) and BA.1 (omicron) in 51 unvaccinated

participants (17 adults, 16 adolescents and 18 children <12 years

of age) by a live‐virus neutralization assay 14 months after SARS‐

CoV‐2 wild‐type infection (Figure 2). In all age groups, there was

significant immune escape for omicron compared with delta

(Figure 2A; all p < 0.001). Only one of 17 (5.9%) adults, none of 16

(0%) adolescents and 5 of 18 (27.8%) children <12 years of age

showed any neutralization activity against omicron (ID50 ≥ 1:10),

while there was detectable neutralization activity against delta in

most adults (16/17; 94%), all adolescents (16/16; 100%) and

most children <12 years of age (16/18; 88.9%). A Kruskal–Wallis

rank sum test comparing live‐virus neutralizing activity among

age groups showed no significant difference for delta (p = 0.78)

but for omicron (p = 0.033). Children <12 years of age had

higher neutralization activity against omicron than adolescents

(p = 0.033; Figure 2B).

Next, we investigated in linear regression models whether

commercially available assays detecting anti‐SARS‐CoV‐2 Ig were

able to predict live‐virus neutralization titer against delta. Anti‐S1

and anti‐S1‐RBD IgG correlated well with neutralizing activity

against the delta variant (both p < 0.001; Figure 3). Multiplying

anti‐S1 IgG (ratio) test results with the factor 14 or anti‐S1‐RBD

IgG (BAU/mL) test results with the factor 0.3 gave good estimates

of neutralizing activity (ID50) against delta (R2 = 0.93 and

0.86, respectively). Anti‐S1 IgG had the highest min–max

accuracy of 76% followed by anti‐S1‐RBD IgG of 63% to 65%.

Anti‐N pan‐Ig was weakest at predicting neutralizing activity

against delta (R2 = 0.40; p < 0.001) with a min–max accuracy of

36% to 48% (Figure 3). When testing whether the three assays

were able to discriminate samples with any (ID50 ≥ 1:10) neutrali-

zation activity against the omicron variant, anti‐N pan‐Ig

(ROC‐AUC, 0.91; 95% CI, 0.82–1.00, p = 0.001) was not worse

than anti‐S1‐RBD IgG (ROC‐AUC, 0.88; 95% CI, 0.77–0.99,

p = 0.003) and anti‐S1 IgG (ROC‐AUC, 0.80; 95% CI, 0.65–0.95,

p = 0.02) (Figure 4).

3.3 | Effects of vaccination 14 months after
wild‐type infection on neutralization of SARS‐CoV‐2
variants B.1.617.2 (delta) and BA.1 (omicron)

All 19 vaccinated convalescent adults had detectable neutralizing

activity against B.1.617.2 (delta) and BA.1 (omicron) (Figure 5). The

TABLE 1 Demographic characteristics of convalescent study participants 14 months after SARS‐CoV‐2 wild‐type infection.

All

Children (all unvaccinated) Adults

All <12 years
12.0‐17.9
years All unvaccinated vaccinated

Total no. of participants 70 34 18 16 36 17 19

Age, years
mean ± IQR (range),

28.3 ± 18.6
(1–68)

11.2 ± 4.99
(1–17)

7.14 ± 3.24
(1–11)

15.7 ± 1.51
(12–17)

44.4 ± 10.5
(18–68)

44.2 ± 9.89
(26–63)

44.6 ± 10.9
(18–68)

Sex

Female, no. (%) 35 (50.0) 18 (52.9) 10 (55.6) 8 (50.0) 17 (52.8) 10 (58.8) 7 (36.8)

Male, no. (%) 35 (50.0) 16 (47.1) 8 (44.4) 8 (50.0) 19 (47.2) 7 (41.2) 12 (63.2)

Symptomatic SARS‐CoV‐2 infection

No, no. (%) 19 (27.1) 15 (44.1) 9 (50.0) 6 (37.5) 4 (11.1) 1 (5.9) 3 (15.8)

Yes, no. (%) 51 (72.9) 19 (55.9) 9 (50.0) 10 (62.5) 32 (88.9) 16 (94.1) 16 (84.2)

COVID‐19 severity

Outpatient, no. (%) 69 (98.6) 34 (100) 18 (100) 16 (100) 35 (97.2) 16 (94.1) 19 (100)

Hospitalized, no. (%) 1 (1.4) 0 (0) 0 (0) 0 (0) 1 (2.8) 1 (5.9) 0 (0)

Abbreviation: SARS‐CoV‐2, severe acute respiratory syndrome coronavirus type 2.

STICH ET AL. | 5 of 11
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median neutralizing activity (ID50) was 32‐fold higher against delta

(1280 [640–2560] vs. 40 [40], p < 0.001; Figure 5B) and at least

32‐fold higher against omicron (160 [160–320] vs. no detectable

effect, p < 0.001; Figure 5C) in the vaccinated compared to

unvaccinated convalescent adults 14 months postinfection.

Humoral immune escape of the omicron variant has been

reported to be stronger with vaccination alone than with infection

plus vaccine‐acquired immunity.23,24 We therefore compared

19 vaccinated convalescents with an age‐matched uninfected

healthy control group who received three SARS‐CoV‐2 mRNA

vaccine doses (Figure 6A); both groups had similar neutralization

activity against delta. The effect of the third vaccination in the

uninfected control group (Supporting Information: Figure 2)

was comparable to the effect of vaccination 14 months after

SARS‐CoV‐2 wild‐type infection (Figure 5B). The median (IQR) of

omicron neutralization was similar in the vaccinated convales-

cents and the control group after the third vaccination (ID50 of

160 [160–320] vs. 160 [80–320]) and 8‐fold lower than delta

neutralization in both groups (Figure 6).

4 | DISCUSSION

Immune escape of emerging variants of concern, particularly the

omicron variant, and waning humoral immunity after SARS‐CoV‐2

infection resulted in a high number of reinfections in children and

adults. Long‐term data on cross‐neutralization of variants of concern

and particularly of the omicron variant are urgently needed to

determine needs and strategies for omicron‐adapted booster

vaccinations.

To our knowledge, this is the first study to describe live‐virus

neutralization against the SARS‐CoV‐2 BA.1 (omicron) variant in

children compared with adults more than 1 year after mild or

asymptomatic SARS‐CoV‐2 infection. We detected immune escape

(A)

(B)

F IGURE 2 Live‐virus neutralization of SARS‐CoV‐2 variants B.1.
617.2 (delta) (A) and BA.1 (omicron) (A and B) in VeroE6 cells of sera
from unvaccinated children (n = 34) and unvaccinated adults (n = 17)
14 months after wild‐type infection. Medians are shown in (B) as
black lines. p values were calculated using a Wilcoxon signed‐rank
test (A) and Kruskal–Wallis with Conover test (B). SARS‐CoV‐2,
Severe acute respiratory syndrome coronavirus type 2.

F IGURE 3 Live‐virus neutralization of SARS‐CoV‐2 variant B.1.617.2 (delta) in VeroE6 cells in relation to SARS‐CoV‐2 antibodies against
(A) the receptor binding domain of the S1 glycoprotein (RBD) (n = 51), (B) the S1 domain (S1) (n = 48), and (C) the nucleocapsid (N) (n = 51) 14
months after wild‐type infection. Three linear regression models (least square regression [LS], robust regression [RR] and least trimmed square
regression [LTS]) were applied to calculate the slope (black line, LS; red line, RR and green line, LTS) and min–max accuracy of each model.
SARS‐CoV‐2, Severe acute respiratory syndrome coronavirus type 2.

6 of 11 | STICH ET AL.
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(A) (B)

(C) (D)

(E) (F)

F IGURE 4 Anti‐SARS‐CoV‐2 antibody level to predict any (ID50 ≥ 1:10) live‐virus neutralization against the BA.1 (omicron) variant in
unvaccinated convalescent adults (n = 17) and children (n = 34). (A, C, E) Receiver operating characteristic (ROC) curve analysis of relative anti‐
SARS‐CoV‐2 S1‐RBD IgG levels for discrimination of neutralizing serum samples (ID50 ≥ 1:10) against the omicron (BA.1) variant. (B, D, F) shows
individual anti‐SARS‐CoV‐2 antibody level in individuals with (yes) or without (no) omicron neutralization including a cut‐off (dashed black line)
with an at least 80% sensitivity and highest possible specificity for discrimination of neutralizing serum samples. (A, B) anti‐S1‐ RBD IgG (BAU/
mL) (ROC‐AUC, 0.88; 95% CI, 0.77–0.99, p = 0.003), (C, D) anti‐S1 IgG (index) (ROC‐AUC, 0.80; 95% CI, 0.65–0.95, p = 0.02), and, (E, F) anti‐N
pan‐Ig (index) (ROC‐AUC, 0.91; 95% CI, 0.82–1.00, p = 0.001).
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of the SARS‐CoV‐2 omicron variant compared with the delta variant

in all age groups. While neutralization activity against delta was

present in most adults and children (94%) and was similar across age

groups, live‐virus neutralization activity against omicron ranged from

0% (0/16) in adolescents to 27.8% (5/18) in children younger than 12

years, with significantly greater neutralization activity against omi-

cron in the youngest age group of children younger than 12 years

compared with adolescents 14 months postinfection.

Previous studies found immune escape of the omicron variant

compared to previous variants with SARS‐CoV‐2 omicron neutraliz-

ing activity ranging from 50% (4/8),25 26.7% (4/15),26 20% (4 of

20)27 to 16% (8 of 50)28 1 months after delta, 2 months after beta

and 2 and 12 months after wild‐type infection, respectively.

However, pseudovirus neutralization assays were used in the

majority of patients which may not fully reflect live‐virus neutrali-

zation activity against BA.1 (omicron); these results can therefore

not be readily extrapolated. Only one study also included adults for

comparison and demonstrated omicron pseudovirus neutralization

in all 13 adults, but only in four of eight children 1 month after delta

infection.25

Live‐virus neutralization is the gold standard for measuring

neutralization particularly of immune‐evading virus variants; it is

highly predictive of protection against SARS‐CoV‐2 infection.17,18

We observed that commercially available assays detecting IgG

antibodies against S1 and S1‐RBD wild‐type correlated with live‐

virus neutralization of the variant B.1.617.2 (delta); but in some

individuals similar IgG concentrations were associated with neutrali-

zation that differed by several dilution levels. While anti‐N pan‐Ig

was least likely to predict B.1.617.2 (delta) neutralization, it was at

least no worse at discriminating samples that neutralized BA.1

(omicron). The SARS‐CoV‐2 omicron variant carries key mutations in

the spike protein that impair binding of neutralizing antibodies to S1

and S1‐RBD.29

Our observation that children have a comparatively low ability to

neutralize the omicron variant 14 months after wild‐type infection is

important to the current discussion of vaccination strategies

involving omicron‐adapted vaccines in children. We investigated

the effect of booster vaccination on neutralizing live‐viruses of

SARS‐CoV‐2 variants B.1.617.2 (delta) and BA.1 (omicron) in adults

only, because no SARS‐CoV‐2 vaccine was licensed by the European

(A)

(B) (C)

F IGURE 5 Live‐virus neutralization of
SARS‐CoV‐2 variant B.1.617.2 (delta) (A and B)
and BA.1 (omicron) (A and C) in VeroE6 cells of
sera from adults 14 months after wild‐type
infection either without additional vaccination
(unvaccinated; n = 17) or 3 weeks after mRNA
vaccination (vaccinated; n = 19). Medians are
shown in (B and C) as black lines. p values were
calculated using a Wilcoxon signed‐rank
test (A) and Mann–Whitney U test (B and C).
SARS‐CoV‐2, Severe acute respiratory
syndrome coronavirus type 2.

8 of 11 | STICH ET AL.

 10969071, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jm

v.28582 by A
lbert-L

udw
igs-U

niversität, W
iley O

nline L
ibrary on [09/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Medicines Agency for children <16 years of age at the time the study

was conducted. We observed that additional mRNA vaccination 14

months after SARS‐CoV‐2 wild‐type infection resulted in a 32‐fold

greater delta and at least 32‐fold greater omicron neutralization than

in unvaccinated, previously infected subjects. Immune escape of new

emerging variants, including omicron, has been reported to be

stronger for vaccine alone compared to infection plus vaccine‐

acquired immunity.23,24,30 In this current study, live‐virus neutraliza-

tion against the omicron variant was 8‐fold lower in vaccinated

convalescents which was similar to the uninfected healthy control

cohort after three doses of mRNA vaccine. These data do not support

the previously outlined concept of a stronger “super” or “hybrid”

immunity with greater breadth and higher‐quality antibodies,

especially against variants of concern in convalescent vaccinated

adults.30–32 This is in line with the conclusion of a recently published

systematic review.33 Cross variant neutralization against omicron has

been reported to be even weaker after infection than after standard

vaccination in children.28,34 An increase in SARS‐CoV‐2 infections

among vaccinated children and reports of acute myocarditis in

adolescents and young adults following vaccination have led to

vaccine hesitancy in children. However, myocarditis after standard

vaccination is rare in children aged 5–11 years (1 in 1 million doses)35;

it was not reported after 650,000 monovalent36 or 950,000 bivalent

booster37 doses in this age group or in children aged 6 months to

5 years after one million standard vaccinations.38 Recent studies

evaluating the efficacy of wild‐type mRNA vaccines in children aged

5–11 years suggest a reduced protection against all omicron

infections compared to previous variants, but protection against

hospitalization and particularly severe COVID‐19 remained high.39–44

Our study has several limitations. We do not have data on

cellular immunity against SARS‐CoV‐2. Assessing cellular and

particularly SARS‐CoV‐2‐specific T‐cell immunity is important for

predicting the level of protection from SARS‐CoV‐2 reinfection and

protection from severe COVID‐19.45 A positive correlation of T cell

and humoral responses has been shown previously;46 but T cell

immunity, CD4+ and CD8+ T‐cells in adults47–49 and CD4+ T‐cells in

children,27 appears to be less affected by immune escape of the

omicron variant than antibody responses. Another limitation is the

relatively small sample size of our study; the results must therefore

be interpreted with caution. Finally, the findings regarding live‐virus

neutralization of SARS‐CoV‐2 are applicable to BA.1 and may not be

readily extrapolated to more recent omicron variants.

In conclusion, our data indicate that live‐virus neutralization of

the BA.1 (omicron) variant is not detectable 14 months after mild or

asymptomatic wild‐type infection in the majority of adults, adoles-

cents and children younger than 12 years, despite higher titers in the

youngest age group compared with adolescents. Vaccination of

previously infected adults boosted neutralization against delta and

omicron 32‐fold to a level comparable to the neutralizing capacity of

serum from uninfected adults after a third (booster) dose of mRNA

vaccine; omicron antibody escape was comparable in both groups.

Protection from a previous SARS‐CoV‐2 wild‐type infection is not

sufficient to neutralize the omicron variant after more than 1 year.

Therefore, children and adolescents who have previously been

infected with the wild type may also benefit from an additional

omicron‐adapted vaccination.
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