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Seroprevalence and T-cell response in 32 children 10 months

after COVID-19

Protective cellular and humoral immune responses to SARS-
CoV-2 have been found to persist 1 year after recovery from
COVID-19 in adults.! Less is known about the kinetics of SARS-
CoV-2 antibodies and T-cell memory response in children. We de-
termined IgG antibodies against spike protein (anti-S), nucleocapsid
protein (anti-N) and IFN-y T-cell response 10 months after PCR-
confirmed COVID-19 in 32 children aged 1-18 years.

All patients, <19 years of age, with a PCR-confirmed SARS-CoV-2
infection May-July 2020 in Region Vastmanland, Sweden, were in-
vited to participate in the study. After written informed consent,
blood samples were collected 10 months (+7 days) after the positive
PCR test. A short questionnaire was completed at the time of blood
sampling. For qualitative detection of anti-N IgG, a chemilumines-
cent microparticle immunoassay (CMIA) was used (SARS-CoV-2 IgG,
Abbott). An index of the absorbance of the specimen and calibra-
tor 21.1 was reported as positive. For semi-quantitative detection
of anti-S IgG, a CMIA was used (SARS-CoV-2 IgG Il Quant assay,
Abbott). A signal/cut-off ratio 214 BAU (binding antibody unit)/ml
was reported as positive. The T-cell responses to peptide pools from
spike protein (S1), spike (S1 and S2), nucleoprotein, membrane pro-
tein and open-reading frame proteins (SNMO) were assessed using
an enzyme-linked immunospot assay (ELISpot Confirm kit: SARS-
CoV-2 (T-cells and INF-y), Mabtech, Sweden) following manufactur-
ers’ instruction, using freshly prepared peripheral blood monocytes.
A positive control (anti-CD3 mAb) and a negative control well was
set up for each individual. A positive T-cell response (towards either
S1 or SNMO) was defined as a well with >7 spots after subtraction
of the number of spots in the negative control well and with at least
two times the number of spots in the negative control well. T-cell
analysis was performed by abclabs, Solna, Sweden, whereas serol-
ogy was performed at the Department of Microbiology, Region
Vastmanland, Sweden. The study was approved by the Swedish
Ethical Review Board (Dnr 2020-06283).

Thirty-two out of 52 eligible children were included in the study.
The median age was 13.5 years (range 1.5-18 years). 19/32 (62%)

participants were female. The most commonly reported symptoms
were fever (23/32), fatigue (13/32), cough (12/32) and anosmia/
ageusia (12/32). No child was hospitalised due to COVID-19. No re-
infections were encountered during follow-up (10 months + 7 days).
The presence of anti-N IgG, anti-S IgG (including binding antibody
unit [BAU] levels) and T-cell response towards SARS-CoV-2 antigens
is presented by age-group in Table S1. Anti-S IgG was detected in
25/32 (78%) of the children and anti-N IgG in 2/32 (6%). A T-cell
response towards SARS-CoV-2 S1 was demonstrated in 17/32 (53%)
and towards the combined SMNO-peptide pool in 20/32 (63%),
with a concordance rate of 78%. All but two children with a T-cell
response (to either the S1 peptide pool or the SMNO-peptide pool)
were positive for anti-S IgG (Figure 1).

In this study, 78% of the children had positive anti-S IgG 10 months
after SARS-CoV-2 infection, but only 2/32 were positive for anti-N
IgG. A T-cell response was detected in two-thirds of the children and
almost completely overlapped the presence of anti-S IgG.

It has been shown that SARS-CoV-2 infected children predomi-
nantly develop antibodies towards S1, and that the level of anti-S
IgG correlates with neutralising activity.>® Neutralising antibodies
(nAbs) persist 8 months after COVID-19 in children, whereas an-
tibodies directed at a combined target of spike and nucleocapsid
proteins are largely undetectable after 7-9 months.? This is in line
with the almost nonexistence of positive anti-N IgG in this cohort of
PCR-confirmed mild cases of COVID-19 and favours anti-S IgG as-
says in children when investigating humoral immunity months after
presumed infection. However, the discrepancy between anti-S and
anti-N could also be related to low sensitivity of the anti-N assay in
late convalescent sera.

The nature of long-term T-cell response has, to our knowledge, not
previously been presented after PCR-confirmed SARS-CoV-2 infec-
tion in children. Robust T-cell response to SARS-CoV has been found
to persist 17 years after the SARS outbreak in 2003, which sug-
gested that even though antibody levels to SARS-CoV-2 are waning

with time, T-cell immunity may still persist. In adults, the frequency
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FIGURE 1 Overlapping immune
responses in a cohort of 32 children
with PCR-confirmed COVID-19.
anti-N, directed against SARS-CoV-2
nucleocapsid protein; anti-S, directed
against SARS-CoV-2 spike protein; I1gG,
immunoglobulin G; S1, spike protein
domain 1; SNMO, spike nucleocapsid

membrane open-reading frame T-cell response
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of T-cell response to SARS-CoV-2 decreased six months posthospital
discharge but then remained stable at 79% at 12 months. A Swedish
study on young adults found that 67% of IgG positive individuals
demonstrated a positive T-cell response up to 6-7 months after pre-
sumed infection.* Available data indicate that children to a lesser ex-
tent than adults demonstrate T-cell response towards SARS-CoV-2
early (weeks) after infection (83% vs. 100%).> As previously sug-
gested, this difference could be related to age and/or disease sever-
ity.* We found that 68% of children demonstrated T-cell response to
SARS-CoV-2 antigen at ten months, indicating long-lasting cellular
immune response.

Limitations of this study include the small number of participants,
the lack of a control group and the absence of an assay to determine
nAbs.

To summarise, this study indicates a persistent immunity of at least
ten months after natural infection for most children and suggests
that a long-lasting T-cell response may be present in the majority of
children after mild infection.
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