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C o r r e s p o n d e n c e

Randomized Trial of a Third Dose of mRNA-1273 Vaccine  
in Transplant Recipients

To the Editor: In organ-transplant recipients, 
the standard two-dose vaccination strategy for 
coronavirus disease 2019 (Covid-19) has subop-
timal immunogenicity.1 Both patients and health 
care providers have questioned whether a third-
dose booster in transplant recipients would be 
safe and enhance immune response.2 We per-
formed a double-blind, randomized, controlled 
trial of a third dose of mRNA-1273 vaccine 
(Moderna) as compared with placebo (the protocol 
is available with the full text of this letter at NEJM 
.org; ClinicalTrials.gov number, NCT04885907).

Transplant recipients who had received two 
doses of mRNA-1273 were randomly assigned 
in a 1:1 ratio to receive either a third dose of 
mRNA-1273 vaccine or saline placebo 2 months 
after the second dose of mRNA-1273 (dosing 
schedule: 0, 1, and 3 months). The primary out-
come was a serologic response characterized by 
an anti–receptor-binding domain (RBD) antibody 
level of at least 100 U per milliliter at month 4 
(measured with an Elecsys Anti-SARS-CoV-2 im-
munoassay [Roche]). This outcome was prespeci-
fied and was based on the protective anti-RBD 
titer in a challenge study involving nonhuman 

primates3; it was further corroborated in a large 
clinical cohort as the upper boundary of the es-
timated level required to confer 50% protective 
neutralization.4 Secondary outcomes included the 
percent neutralization, as measured with a vali-
dated surrogate virus neutralization assay (Gen-
script), and the polyfunctional T-cell response 
(see the Supplementary Appendix, available at 
NEJM.org).

We enrolled 120 organ-transplant recipients 
(Fig. S1 in the Supplementary Appendix). No 
patient had a previous diagnosis of Covid-19. 
The baseline characteristics were similar in the 
two groups (Table S1), as were the preinterven-
tion anti-RBD antibody levels and neutralizing 
antibody levels (Fig. 1B, 1C, and 1D). The median 
age of the patients was 66.6 years (interquartile 
range, 63.3 to 71.4), and the median time from 
transplantation to the third dose was 3.16 years 
(interquartile range, 1.71 to 6.12). The time from 
transplantation was slightly shorter in the pla-
cebo group than in the mRNA-1273 group; how-
ever, the types, doses, and levels of immunosup-
pression were very similar in the two groups, as 
were the lymphocyte counts. Covid-19 developed 
in 1 patient (placebo group; preinfection anti-RBD 
antibody level, 75 U per milliliter), and 2 patients 
did not provide follow-up blood specimens.

At month 4, an anti-RBD antibody level of at 
least 100 U per milliliter was present in 33 of 
60 patients (55%) in the mRNA-1273 group and 
in 10 of 57 patients (18%) in the placebo group 
(relative risk, 3.1; 95% confidence interval [CI], 
1.7 to 5.8; P<0.001) (Fig. 1A and Table S2). The 
changes in anti-RBD antibody level from before 
to after the third dose are shown in Figure 1B. 
After the third dose, the median percent virus 
neutralization was 71% in the mRNA-1273 group 
and 13% in the placebo group (95% CI for the 
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between-group difference, 11 to 76 percentage 
points), and the percentage of patients above the 
30% threshold for neutralizing antibody positivity 
was 60% and 25%, respectively (relative risk, 2.4; 

95% CI, 1.5 to 4.0) (Fig. 1C and Table S2). Me-
dian severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2)–specific T-cell counts were 
greater after the third dose in the mRNA-1273 

Figure 1. Immune Responses in Transplant Recipients Who Received a Third Dose of mRNA-1273 or Placebo.

Panel A shows the anti–receptor-binding domain (RBD) antibody levels in the mRNA-1273 group (60 patients) and 
the placebo group (57 patients) after the third dose. Each point represents an individual patient, and horizontal lines 
indicate the median. The dotted line indicates the threshold value of 100 U per milliliter. Values below the detection 
limit are plotted as 0.2 U per milliliter. The relative risk of being above the threshold in the mRNA-1273 group as 
compared with the placebo group was 3.1 (95% confidence interval [CI], 1.7 to 5.8; P<0.001). Panel B shows the anti-
RBD antibody levels before and after the third dose. Panel C shows box-and-whisker plots of the percent neutraliza-
tion before and after the third dose. The whiskers indicate the range, the top and bottom of the boxes indicate the 
interquartile range, and the horizontal line within each box indicates the median. The dotted line indicates the 30% 
threshold for neutralizing antibody positivity. For percent neutralization, the 95% CI for the between-group difference 
was 11 to 76 percentage points. The relative risk of being above the 30% threshold in the mRNA-1273 group as com-
pared with the placebo group was 2.4 (95% CI, 1.5 to 4.0). Panel D shows the polyfunctional CD4+ T-cell response 
(i.e., cells producing both interleukin-2 and interferon-γ) before and after the third dose in the mRNA-1273 group 
(34 patients) and the placebo group (31 patients). Horizontal lines indicate the median (95% CI for the between-group 
difference, 46 to 986). The widths of the confidence intervals have not been adjusted for multiplicity and cannot be 
used to infer treatment effects for secondary end points.
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group than in the placebo group (432 vs. 67 cells 
per 106 CD4+ T cells; 95% CI for the between-
group difference, 46 to 986) (Fig. 1D). There was 
a minimal polyfunctional CD8+ T-cell response 
in both groups. In the safety evaluation, local 
and systemic events were slightly more common 
after the third dose of mRNA-1273 than after 
the dose of placebo (Fig. S3), but no grade 3 or 
4 events and no cases of acute rejection occurred.

A third dose of mRNA vaccine in transplant 
recipients had substantially higher immunoge-
nicity than placebo, as determined in our analy-
sis of both primary and secondary trial end 
points. This trial had short follow-up and was 
not powered to detect differences in clinical out-
comes. We also acknowledge that the cutoff value 
of 100 U per milliliter for the anti-RBD antibody 
level is arbitrary and is not necessarily predictive 
of resistance to infection. A third dose was safe 
when risk versus benefit was considered. We note 
that a small subgroup of patients who received 
placebo did have modest increases in antibody 
levels (Fig. 1B). This may reflect ongoing mRNA 
vaccine–induced B-cell stimulation, as recently 
described,5 and highlights the importance of 
evaluating a control group. We conclude that a 
third-dose booster Covid-19 vaccine should be 
considered, in conjunction with regulatory ap-
proval, for transplant recipients who have re-
ceived two doses of mRNA-1273.
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MMR Vaccine–Associated Disseminated Measles 
in an Immunocompromised Adolescent

To the Editor: Since the U.S. measles immuni-
zation program began in 1963, death from vac-
cine-associated measles is extremely rare, and 

endemic measles has nearly been eliminated.1 
Vaccine reactions after administration of the 
measles–mumps–rubella (MMR) vaccine are gen-

Figure 1 (facing page). Timeline of Clinical Course and Rash, Chest CT, and Autopsy Findings.

Panel A shows a timeline of the patient’s clinical course. The patient, an undocumented minor, received all catch-up vaccinations within 
2 days after arrival at a detention center. Panel B shows a maculopapular rash on the abdomen. In Panel C, computed tomography (CT) 
of the chest shows consolidative and ground-glass nodules. In Panel D, microscopic examination of the lungs shows multinucleated giant 
cells with intranuclear and cytoplasmic viral inclusions in a background of fibroblastic proliferation, alveolar macrophages and fibrin, and 
congested vasculature seen at high power (hematoxylin and eosin, ×600). In Panels E and F, measles virus immunohistochemical stains 
highlight cytoplasmic viral inclusions in red in lung tissue (×400) (Panel E) and intranuclear and cytoplasmic viral inclusions in red (×400) 
in pituitary gland tissue (Panel F). ABVE-PC denotes doxorubicin hydrochloride (Adriamycin), bleomycin, vincristine sulfate, etoposide 
phosphate, prednisone, and cyclophosphamide, BAL bronchoalveolar lavage, IV intravenous, PET positron-emission tomography, and 
VZV varicella–zoster virus.
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