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Antibody response to three SARS- CoV- 2 mRNA vaccines in 
adolescent solid organ transplant recipients

To the Editor: 
Adolescent solid organ transplant recipients (SOTRs) have attenu-
ated antibody responses to two- dose severe acute respiratory syn-
drome coronavirus 2 (SARS- CoV- 2) vaccination.1,2 Although adult 
SOTR studies suggest a third vaccine improves immunogenicity, 
their benefit in adolescents is unknown.3,4 We report the antibody 
response and safety of a third mRNA vaccine dose (D3) in adolescent 
SOTRs.

After approval by the Johns Hopkins Medicine Institutional 
Review Board, samples from SOTRs (12– 18 years) in our multi-
center, observational study who received D3 were analyzed for 
antibodies to SARS- CoV- 2 spike protein receptor- binding domain 
(positive: ≥0.8, maximum: >2500 U/ml).1,5 Samples were collected at 
three time points: pre- D3 (1– 9 months post- D2), 1 month post- D3, 
and 3 months post- D3. Fisher's exact, Wilcoxon signed- rank, and 
McNemar's tests were used as appropriate.

Forty- two participants received three BNT162b2 doses and one 
received three mRNA- 1273 doses. Samples were available for 43 
participants pre- D3, 43 1 month post- D3, and 31 3 months post- D3. 
Median (IQR) age was 15 (13– 16) years; 44.2% were male, and 76.7% 
were White (Table S1). Participants were median (IQR) 10 (6– 13) 
years from transplant, and heart transplant (41.9%) was most com-
mon. Four (9.3%) participants reported pre- D1 SARS- CoV- 2 infec-
tions and four (9.3%) reported breakthrough infections (Table S2).

Antibody titers were positive in 32/43 (74.4%) participants 
pre- D3 and 38/43 (88.4%) 1 month post- D3 (Figure 1). Of partic-
ipants with positive pre- D3 titers, titers were lower pre- D3 com-
pared to 1 month post- D3 (median [IQR]: 1769.5 [211.3– >2500], 
>2500 [2500– >2500] U/ml; p < .001), and the proportion with ti-
ters ≥1000 U/ml increased from 56.3% to 100% (p < .001). Of par-
ticipants with negative pre- D3 titers, 6/11 (54.5%) seroconverted 
1 month post- D3 (median [IQR]: 418.4 [132.3– 1581] U/ml) and 5/11 
(45.5%) remained seronegative (Table S3). Having received a trans-
plant within 3 years was associated with negative 1 month post- D3 
titer (p = .04) (Table S1).

From one to three months post- D3, 27/31 (87.1%) participants 
remained seropositive, 3/31 (9.7%) remained seronegative, and 1/31 
(3.2%) with breakthrough infection seroconverted. There was no 
statistically significant difference between 1 and 3 months post- D3 
titers (median [IQR]: >2500 [1631– >2500], >2500 [1300– >2500] U/
ml; p = .79).

Thirty- seven (86.0%) and twenty- two (51.2%) participants com-
pleted surveys at 1 and 3 months post- D3, respectively. Main D3 
side effects were local pain (73.0%) and fatigue (43.2%). No partic-
ipants reported allergic reactions, myocarditis, or new neurological 
conditions. One heart recipient reported acute organ rejection unre-
lated to vaccination 3 months post- D3.

In this observational cohort, 88.4% of adolescent SOTRs had 
positive antibody responses 1 month post- D3, an increase from 
63– 73% post- D2.1,2 54.5% of participants with prior negative re-
sponses seroconverted and 100% with positive responses increased 
or remained at maximum titer. Additionally, titers remained stable 
3 months post- D3. There were no vaccine- related adverse events 
and four breakthrough infections. With concerns over new variants 
and vaccine authorization, our results in this small convenience sam-
ple suggest the benefit of a third SARS- CoV- 2 vaccine for antibody 
response in adolescent SOTRs. Future studies are needed to exam-
ine the association of spike antibodies with neutralizing antibodies 
and clinical protection as well as durability with longer follow- up.
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F I G U R E  1  Pre- dose 3, 1 month post- dose 3, and 3 months post- dose 3 antibody titers among adolescent SOTRs. Samples were available 
for 43 participants pre- D3 (32 positive, 11 negative), 43 participants 1 month post- D3 (38 positive, 5 negative), and 31 participants 
3 months post- D3 (28 positive, 3 negative). Dark blue circles and lines represent antibody titer trends of participants with positive pre- D3 
titers (n = 32), and yellow circles and lines represent antibody titer trends of participants with negative pre- D3 titers (n = 11). Participants 
who reported past SARS- CoV- 2 infection prior to receiving dose 1 (n = 4) are marked by light blue triangles. Jittered and darker shapes 
and lines represent multiple participants. Participants who reported breakthrough SARS- CoV- 2 infections during the study period are 
not distinguished in this Figure. Participant samples were processed using the qualitative and semi- quantitative Roche Elecsys anti- SARS- 
CoV- 2 S enzyme immunoassay that tests for total antibody against the receptor- binding domain of the SARS- CoV- 2 spike protein. Per the 
manufacturer, a positive threshold of ≥0.8 U/mL was used. The minimum titer reported by the assay is <0.8 U/ml and the maximum titer is 
>2500 U/ml. 6/11 participants with negative pre- D3 titers seroconverted to have positive 1 month post- D3 titers, while 5/11 participants 
remained seronegative. 19/32 participants had positive pre- D3 titers lower than the assay's maximum titer, of which 2/19 had their 1 month 
post- D3 titer increase by 1600– 1800 U/ml and 17/19 had their 1 month post- D3 titer increase to the assay's maximum. 13/32 participants 
with positive pre- D3 titers at the assay's maximum titer continued to have 1 month post- D3 titers of >2500 U/ml. Among participants with 
3 month post- D3 samples, 27/31 with positive 1 month post- D3 titers remained seropositive, 3/31 with negative 1 month post- D3 titers 
remained seronegative, and 1/31 with negative 1 month post- D3 titer and pre- D3 breakthrough SARS- CoV- 2 infection seroconverted to 
have a positive 3 months post- D3 titer
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