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Abstract

Background: Adolescent solid organ transplant recipients (aSOTRs) who received three doses 

of the COVID-19 mRNA vaccine experience high seroconversion rates and antibody persistence 

for up to 3 months. Long-term antibody durability beyond this timeframe following three doses 

of the SARS-CoV-2 mRNA vaccine remains unknown. We describe antibody responses 6 months 

following the third vaccine dose (D3) of the BNT162b2 mRNA vaccination among aSOTRs.

Methods: Participants in a multi-center, observational cohort who received the third dose of 

the vaccine were analyzed for antibodies to the SARS-CoV-2 spike protein receptor-binding 

domain (Roche Elecsys anti-SARS-CoV-2-S positive: ≥0.8, maximum: >2500U/mL). Samples 

were collected at 1-, 3-, and 6-months post-D3. Participants were surveyed at each timepoint and 

at 12-months post-D3.

Results: All 34 participants had positive anti-RBD antibody titers 6 months post-D3. Variations 

in titers occurred between 3 and 6 months post-D3, with 8/28 (29%) having decreased antibody 

levels at 6 months compared to 3 months and 2/28 (7%) reporting increased titers at 6 months. 

The remaining 18/28 (64%) had unchanged antibody titers compared to 3-month post-D3 levels. 

A total of 4/34 (12%) reported breakthrough infection within 6 months and 3/32 (9%) reported 

infection after 6–12 months following the third dose of the SARS-CoV-2 mRNA vaccine.

Conclusions: The results suggest that antibody durability persists up to 6 months following 

three doses of the SARS-CoV-2 mRNA in aSOTRs. Demography and transplant characteristics 

did not differ for those who experienced antibody weaning. Breakthrough infections did occur, 

reflecting immune-evasive nature of novel variants such as Omicron.
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1 | INTRODUCTION

Immunocompetent adolescents maintain a distinctive immune profile in terms of their 

response to both SARS-CoV-2 vaccination and infection that differs from adults and 

younger children.1,2 Adolescents, particularly males, maintain a heightened risk of 

COVID-19 vaccine-induced myocarditis, a complication seldom seen in other age groups.3 

These distinctive immunologic features underscore the importance of fully exploring the 

safety and immunogenicity of the SARS-CoV-2 vaccine among understudied adolescent 

populations, particularly the immunocompromised.

Adolescent solid organ transplant recipients (aSOTRs) who receive three doses of the 

SARS-CoV-2 mRNA vaccine experience high anti-spike antibody seroconversion rates and 

persistence for up to 3 months.4 Long-term durability remains unknown, though booster 
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vaccination is recommended if ≥2 months have elapsed since completion of a primary 

series.5 We describe antibody responses 6 months after the third vaccine dose (D3) of 

the BNT162b2 mRNA vaccine among aSOTRs and the association of antibody titers with 

breakthrough infections.

2 | METHODS

aSOTRs (12–18 years) in a multicenter, observational study who received three doses 

of SARS-CoV-2 mRNA vaccines submitted blood samples at 1, 3, 6 months following 

vaccination. Plasma was tested for anti-receptor binding domain IgG using the Roche 

Elecsys anti-SARS-CoV-2-S assay (positive: ≥0.8, maximum: >2500 U/mL, a putative 

threshold consistent with Omicron BA.1 neutralizing antibody).6 Select participants 

underwent additional titer dilution to a maximum of >25 000 U/mL due to a change in 

lab protocol.7,8 Characteristics between participants who did versus did not show detectable 

antibody waning below threshold (<2500 U/mL) at 6 months were compared using Fisher’s 

exact, Wilcoxon signed-rank, and McNemar’s tests as appropriate. Breakthrough infection 

was defined as participant-reported positive antigen or molecular test at any time following 

receipt of D3, ascertained through serial post vaccine surveys as well as via unsolicited 

virtual reporting. All analyses were performed using Stata 15.1 (StataCorp). This study was 

approved by the Johns Hopkins Medicine Institutional Review Board (IRB00248540).

3 | RESULTS

Of the 70 active aSOTRs recruited to the original cohort, samples were available for 34 

participants 6 months post-D3. Median (IQR) age was 16 (13.8–17); 47% were male and 

66% were white. Patients were median 12 (IQR 8–14) years from transplant with heart 

transplant being most common (47%), followed by liver (34%), and kidney (15%). All 34 

of these participants had available 1-month titers while 28 of the 34 had available 3-month 

titers.

All participants had positive antibody titers 6 months post-D3 (Figure 1) with a median level 

of >2500 U/mL (IQR: 1927, >2500). A total of 8/28 (29%) of aSOTRs showed detectable 

waning between 3 and 6 months, none of whom reported infection. Notably, two participants 

underwent additional sample dilution to maximum of >25 000 U/mL, with one participant 

remaining above threshold at 3 and 6 months and the other waning to 24 096 U/mL by 

6 months. Demography and transplant characteristics did not statistically differ between 

those who did versus did not show titer waning to <2500 U/mL by 6 months (Table 1), 

though there was numerically more frequent use of 2-drug immunosuppression regimens 

in those with waning. Breakthrough infection was reported by 4/34 (13%) participants 

between 3-and 6-months post D3. This included three participants with antibody titers 

>2500 U/mL preceding infection, and one participant who weas seronegative at 3 months 

(preceding infection). Of the 34 participants with anti-RBD titers 6 months post-D3, 32/34 

(94%) responded to 12-month survey regarding breakthrough infection, for which 3/32 

(9%) reported infection between 6 and 12 months post-D3. Two of these participants who 

developed breakthrough infection had antibody titers >2500 U/mL at 1-, 3-, and 6-months 

post D3, while one participant had antibody titers 3.2, 22.4, and 29 U/mL, respectively. 
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Mild upper respiratory symptoms were reported by 2/34 (6%) participants, while 2/34 

(6%) reported constitutional symptoms of fever, sore throat, headache, and/or fatigue (one 

of whom was the participant seronegative at 3 months). 2/34 (6%) participants received 

monoclonal antibody treatment while no participants reported hospitalization during the 

study period.

4 | DISCUSSION

In this observational cohort of aSOTRs, antibody titers were positive in all participants at 

6 months following D3, including 21/34 (62%) who had titer above 2500 U/mL suggestive 

of sustained, robust anti-RBD response. Clear waning below threshold was observed in 

8/28 (29%) of participants between 3-and 6-months post D3, yet this was not statistically 

associated with particular transplant demography. Late breakthrough infections were 

relatively uncommon and not evidently associated with preceding antibody titer, though 

one seronegative participant at 3 months was among those experiencing breakthrough. 

Breakthrough symptoms were mild to moderate, with half receiving monoclonal antibody, 

and there were no reported hospitalizations.

Taken together, these results suggest long-term humoral immunogenicity of three-dose 

mRNA vaccine regimens in many aSOTRs, while outlining previously unreported late 

kinetics of vaccine response. It is notable that infections in the Omicron era did occur 

despite detection of higher-level antibody, reflecting the immune-evasive nature of novel 

variants of concern which can raise breakthrough risk amid expected antibody waning.9 

Regardless, it is reassuring that COVID-19 outcomes were mild, which reflects vaccine 

immunoprotection as well as advances in therapeutic management.

Limitations of the study include reliance on both self-reported infection occurrence and 

outcomes, the antibody titer ceiling which limited detection of waning, and lack of 

neutralizing antibody measurement. Given the study design, asymptomatic SARS-CoV2 

infection could not be captured and may have led to boosting of antibody responses between 

completion of dose 3 and the 6-month serology time point. Further studies evaluating long-

term breakthrough rates and neutralizing responses to booster vaccination may help further 

inform correlates of protection and timing and role for booster vaccination in aSOTRs.
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FIGURE 1. 
One-month post-dose 3, 3 months post-dose 3-, and 6-months post-dose 3 antibody titers 

among adolescent SOTRs. All participants had positive antibody titers 6 months post-D3 (n 
= 34). Those in red had self-reported infection between 3 and 6 months (n = 4), while those 

in blue with asterisks had self-reported infection between 6 and 12 months (n = 3). Of those 

with self-reported infection between 6 and 12 months, two participants (denoted with **) 

had anti-RBD titers >2500 U/mL, while the third (denoted with *) had persistently positive 

low-level antibody titers throughout the study period of 3.2, 22.4, and 29 U/mL, respectively 

(lowest blue line).
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TABLE 1

Demographic and transplant characteristics among adolescent solid organ transplant recipients with antibody 

waning versus without antibody waning between 3-and 6-months post third mRNA vaccine doses.

n (%)a Waned (n = 8) Did not waneb (n = 20) Total (n = 28) p value

Age group, years

 12–14 3 (38) 8 (40) 11 (39) .42

 15–16 2 (25) 9 (45) 11 (39)

 17+ 3 (38) 3 (15) 6 (21)

Sex, male 1 (13) 10 (50) 11 (39)

Race, White 5 (63) 12c (60) 17c (61) .19

Hispanic or Latino, yes 0 (0) 1d (5) 1d (4) >.99

Transplant characteristics >.99

 Organ

 Liver 2 (22) 9 (45) 11 (39) .75

 Kidney 2 (22) 3 (15) 5 (18)

 Heart 4 (50) 8 (40) 12 (43)

Time since transplant, years

 <6 2 (22) 1 (5) 3 (11) .09

 6–12 2 (22) 12 (60) 14 (50)

 ≥13 4 (50) 7 (35) 11 (39)

Reported prior infection 1 (13) 1 (5) 2 (7)

Number of immunosuppressive agents .51

 1 4 (50) 15 (75) 18 (68)

 2 4 (50) 5 (25) 9 (32) .38

Immunosuppressive agents used

 Tacrolimus 1 (13) 11 (55) 12 (43)

 Antimetabolite 4 (50) 6 (30) 10 (36) .13

 Sirolimus 2 (22) 3 (15) 5 (18)

 Corticosteroids 3 (36) 1 (5) 4 (14)

 Cyclosporine 1 (13) 3 (15) 4 (14)

a
Participants who reported a SARS-CoV-2 infection during follow-up period were excluded.

b
Those who remained >2500 between 3 and 6 months were considered as not waned.

c
Race missing (n = 2).

d
Ethnicity missing (n = 1).
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