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In patients early post–autologous stem cell transplant, 
seroprotection rates were high for Hemophilus influenzae type 
B and tetanus toxoid (70%–90%) but lower for Streptococcus 
pneumoniae (30%–50%) including after revaccination. There 
were high rates of seropositivity (67%–86%) to measles, 
mumps, and rubella and varicella zoster virus. Durability of 
protection requires assessment.
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Patients are considered high risk for vaccine-preventable infec
tions (VPIs) following hematopoietic stem cell transplantation 
(HCT). It is therefore recommended to consider HCT patients 
vaccine-naïve and require a full revaccination schedule, 
commencing 6 months after transplantation [1, 2]. Despite 
differences in conditioning chemotherapy, stem cell source, 
immunosuppressive regimens, and patterns of immunological 
recovery, there is no difference in the recommended vaccination 
schedule for autologous HCT (autoHCT) compared with alloge
neic HCT (alloHCT) patients [1, 2]. This is due to the lack of 
studies evaluating immunity to key VPIs in autoHCT patients.

There is increasing evidence of high seroconversion and 
seroprotection rates of up to 80% following completion of a 
course of vaccination in autoHCT patients [3–5]. However, 

little is known about immunity to VPIs before commencement 
of vaccination, especially to infections contained within live 
vaccines such as measles, mumps, and rubella [5]. Knowledge 
about early retention of immunity to infections such as measles 
is vital as vaccination with a live vaccine is contraindicated until 
2 years post-transplant [1, 2]. Early immune response to com
mencement of vaccination at 6 months following autoHCT as 
recommended also remains poorly studied.

To address these evidence gaps, we aimed to define rates of 
seroprotection to a range of VPIs in the early post-transplant 
period and to evaluate seroconversion to the first dose of vac
cination at 6 months post-autoHCT.

METHODS

We performed serological assessment on stored blood 
samples from a prior influenza vaccination trial (ACTRN1261 
9000617167) to assess seroprotection and seroconversion to 
common VPIs in the early post-transplant period [6]. In that 
trial, 68 patients post-autoHCT were recruited [6]. Available 
stored sera at 1–3 months, 3–6 months, and 6–9 months post- 
transplantation were utilized (study schema, Figure 1A). 
Receipt of intravenous immunoglobulin was an exclusion 
criterion for this study. Demographics, underlying disease, 
treatment history, and vaccination status were previously 
collected and available from an electronic REDCap database 
hosted at Peter MacCallum Cancer Centre, Melbourne.

Enzyme-linked immunosorbent assay (ELISA) was per
formed at all 3 time points for quantitative detection of immu
noglobulin G (IgG) against the 23 polysaccharides isolated 
from Streptococcus pneumoniae and contained in pneumococ
cal vaccines (VaccZyme product code MK012), tetanus toxoid 
IgG (MK010), and Haemophilus influenzae type B (HiB) 
IgG (VaccZyme MK016), as per the manufacturer’s instruc
tions (The Binding Site Group Ltd, Birmingham, UK). 
Seroprotection was defined as a pooled serotype pneumococcus 
IgG antibody titer ≥51.5 mg/L (correlates with World Health 
Organization cutoff of 0.35 mg/L for protection against inva
sive pneumococcal disease [7, 8]), tetanus toxoid IgG titer 
≥0.15 IU/mL, and HiB IgG titer ≥0.15 mg/L before vaccination 
and ≥1.0 mg/L postvaccination, as previously described [9, 10].

Seroconversion was analyzed for IgG antibodies to pneumo
coccus, HiB, and tetanus toxoid. Titers at 3–6 months were 
compared with titers at 6–9 months in those who, 6 months 
post-transplantation, underwent routine revaccination with 
the 13-valent pneumococcal conjugate vaccine (PCV-13), 
HiB conjugate vaccine, and inactivated diptheria-tetanus- 
pertussis-polio vaccine. Seroconversion for pneumococcus 
was defined as an antibody titer of ≥51.5 mg/L and ≥2-fold 
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Figure 1. Seroprotection and seroconversion to common vaccine-preventable infections in the early post–autologous stem cell transplant period. A, Study schema of 
cohort. B, Connecting line graph displaying percentage of patients with seroprotection at 1–3 (n = 44), 3–6 (n = 46), and 6–9 months (n = 33) post-transplantation 
against pneumococcus, HiB, and tetanus toxoid. Light gray dotted line indicates 6-month revaccination post-autoHCT. Seroprotection was defined as pooled serotype 
pneumococcus IgG titer ≥51.5 mg/L, HiB IgG titer ≥0.15 mg/L before vaccination, and ≥1.0 mg/L postvaccination and tetanus toxoid IgG titer ≥0.15 IU/mL. Proportions 
of patients with seroprotection were compared between time points by McNemar test. Only patients who underwent routine vaccination at 6 months (n = 33) with 
PCV-13, HiB conjugate vaccine, and inactivated diptheria-tetanus-pertussis-polio vaccine were included in the 6–9-month time point. C, Number of patients and rates 
of seroconversion (for n = 33 patients) after the first dose of vaccination at 6 months post-autoHCT against pneumococcus. D, Number of patients and rates of sero
conversion (for n = 33 patients) after the first dose of vaccination at 6 months post-autoHCT against HiB and tetanus toxoid. E, Rates of VZV IgG detection at 1–3 and 3– 
6 months post-autoHCT. Proportions of detected vs not detected VZV IgG were compared by McNemar test. F, Rates of measles IgG, mumps IgG, and rubella IgG de
tection at 1–3 and 3–6 months post-autoHCT. Proportions of detected vs not detected IgG at each time point were compared by McNemar test. Abbreviations: autoHCT, 
autologous hematopoietic stem cell transplantation; HiB, Hemophilus influenzae type B; IgG, immunoglobulin G; MMR, measles, mumps, rubella; PCV-13, 13-valent 
pneumococcal conjugate vaccine; VZV, varicella zoster virus.
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rise postvaccination; for HiB ≥1.0 μg/mL and ≥4-fold rise 
postvaccination; and for tetanus toxoid ≥0.15 IU/mL and 
≥4-fold rise postvaccination based on established literature 
[7–10].

ELISA was also performed at the 1–3 and 3–6-month time 
points post-transplant for qualitative detection of IgG antibod
ies to varicella zoster virus (VZV; product code ab108782), 
measles (ab108750), mumps (ab108752), and rubella viruses 
(ab108767), as per the manufacturer’s instructions (Abcam 
Pty Ltd, Cambridge, UK). Cutoff values led to classification 
of IgG as detected, not detected, or inconclusive. Rates of 
detection are given only for those patients with available sam
ples for testing at each time point.

Demographics were summarized by descriptive statistics. 
Categorical variables were assessed by chi-square test. The 
Mann-Whitney U test (unpaired) and Wilcoxon signed-rank 
test (paired) were used for comparisons between 2 groups. 
A McNemar test was used to compare the proportion of 
seropositivity or seroprotection between 2 time points. The 
proportion of patients with seroprotection at the 6–9-month 
time point was only given for patients who underwent vaccina
tion at 6 months post-transplant. All statistical analyses were 
performed using IBM SPSS (version 28.0) or Prism (version 
9, GraphPad Software, Boston, MA, USA), with P < .05 consid
ered statistically significant.

Patient Consent

Ethical approval was granted from the institutional Human 
Research Ethics Committee (HREC/88292/PMCC), and prior 
written patient consent was provided for future related 
research.

RESULTS

A total of 48 patients with samples at appropriate time points 
were eligible for serological analysis. Baseline demographics 
have been described previously [6] and are provided in 
Supplementary Table 1. The median age (interquartile range 
[IQR]) was 60.6 (52.0–66.7) years, with male predominance 
(34/48 patients, 70.8%). The median time of observation in 
the cohort (range) was 5.9 (5.5–6.1) months. Most patients 
were diagnosed with myeloma (38/48, 79.2%), and the median 
time from diagnosis of underlying disease to autoHCT (IQR) 
was 1.5 (1.4–3.2) years.

The median time from autoHCT to the time of each blood 
sample is provided in Supplementary Table 1. Seroprotection 
rates at each time point are displayed in Figure 1B for pneumo
coccus, HiB, and tetanus toxoid. At 1–3 months, 16/44 (36.4%) 
patients had seroprotection for pneumococcus, 31/44 (70.5%) 
for HiB, and 36/44 (81.8%) for tetanus toxoid. These 
rates were relatively similar at 3–6 months, with no statistical 
difference between the proportion of patients with 

seroprotection at 3–6 months vs 1–3 months post- 
transplantation (Supplementary Figure 1A–C).

Patients who received routine revaccination at 6 months 
were included for analysis at the 6–9-month time point. 
Seroprotection rates subsequently increased, with 18/33 
(54.5%) patients with seroprotection against pneumococcus 
(P = .03), 28/33 (72.7%) for HiB (P = .06), and 30/33 (90.9%) 
for tetanus toxoid (P = .03). Raw values are provided in 
Supplementary Figure 2A–C for the cohorts for pneumococcus, 
HiB, and tetanus toxoid IgG titers, with similar significant in
creases observed in the median IgG titers at 6–9 months com
pared with 3–6 months post-transplantation.

There were modest rates of seroconversion after the first dose 
of vaccine at 6 months post-transplantation: 9/33 (27.3%) pa
tients achieved a ≥2-fold IgG rise in pneumococcus IgG titers 
(Figure 1B), 18/33 (54.5%) patients achieved a ≥4-fold IgG titer 
rise to HiB, and 16/33 (48.5%) patients achieved a ≥4-fold IgG 
titer rise to tetanus toxoid (Figure 1D). There were no significant 
factors identified (Supplementary Tables 2–4) that may influ
ence seroconversion to any of the examined VPIs. There was a 
significant rise (Supplementary Figure 3A–C) postvaccination 
in IgG titers for pneumococcus, HiB, and tetanus toxoid, respec
tively (all P < .0001).

Overall, there were high rates of immune retention to VPIs 
contained in live virus vaccines, including Varicella zoster virus 
(VZV) IgG, measles IgG, mumps IgG, and rubella IgG at 1–3 
and 3–6 months post-autoHCT (Figure 1E and F). It is stan
dard of care at our center to undergo pretransplant VZV IgG 
testing. Of the patients who were tested for VZV IgG pretrans
plant (n = 45), 38/45 (84.4%) patients had detectable VZV IgG, 
and 7/45 (15.6%) patients were seronegative. This rate was sim
ilar post-transplantation, with 36/44 (81.8%) patients having a 
detectable VZV IgG at 1–3 months and 38/46 (82.6%) patients 
having a detectable VZV IgG at 3–6 months post-autoHCT 
(Figure 1E). There were no recorded episodes of VZV reactiva
tion in the study period from 0 to 9 months post-autoHCT.

Pretransplant serology for measles, mumps, and rubella IgG 
was not available for comparison. The post-transplant measles 
IgG detection rate was 34/44 (77.3%) at 1–3 months, with a 
lower value at 3–6 months in 31/46 (67.4%) patients tested 
(Figure 1F). Post-transplant mumps IgG was slightly lower, 
with 30/44 (68.2%) patients having mumps IgG detected at 
1–3 months and similar detection at 3–6 months (Figure 1F). 
Rates of positive rubella IgG post-transplant were higher, 
however, with 38/44 (86.4%) and 37/46 (80.4%) patients having 
detectable rubella IgG at 1–3 and 3–6 months post-autoHCT, 
respectively (Figure 1F).

DISCUSSION

This serosurvey of VPIs, focusing on a previously understudied 
and expanding population, identified a moderate to high 
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rate of seroprotection and immune retention in the early 
post-autoHCT period. Although only ∼30%–50% achieved 
seroconversion, there was a significant antibody titer rise after 
the first dose of routine revaccination at 6 months post- 
transplantation. In contrast to a prior report, we did not find 
any association between immune or transplant-specific factors 
and seroconversion, although numbers were small [11]. 
These findings are encouraging and reinforce the timing of re
vaccination given that, despite intense myelodepletion, there is 
still some degree of seroprotection until 6 months and that vac
cinating at this time allows for adequate immune reconstitution.

Given the high rates of seroprotection after 1 dose of vaccine 
(70%–90% for tetanus and HiB), it may be that routine revac
cination at 6 months could act as a booster vaccination without 
further doses in some patients. This has the potential to 
personalize the revaccination schedule and reduce needle and 
outpatient clinic burden, representing a cost-effective strategy. 
The lower rate of seroprotection (∼55%) and seroconversion 
post–first dose of pneumococcal vaccination, however, is sup
portive of use of sequential doses in current clinical practice 
[1]. Given that patients received PCV-13, future study is sug
gested to focus on these 13 core serotypes rather than pooled 
analysis as performed against the 23 serotypes.

The high degree of seropositivity against viruses contained in 
live virus vaccines is also reassuring and higher than what has 
been previously described in the alloHCT population [1, 12]. 
For example, the probability of becoming seronegative to mea
sles 5 years after allogeneic HCT has been found to be 60% in a 
longitudinal cohort study [12]. In contrast, 33% of our cohort 
was seronegative to measles at 3–6 months post-autoHCT. 
This is supported by the high immune retention to VZV ob
served in our cohort (82.6% VZV IgG positive at 6 months 
post-transplant). This provides further evidence of the differ
ences in immunological recovery in autoHCT compared with 
allogeneic HCT recipients, and that the extrapolation of the re
vaccination schedule of alloHCT recipients to all autoHCT re
cipients should be reconsidered.

Prophylaxis at our center for autoHCT patients includes 
trimethoprim-sulfamethoxazole as Pneumocystis jiroveci 
pneumonia prophylaxis for 6 months and valaciclovir for her
pes simplex virus and VZV prophylaxis for 12 months post- 
transplantation. We do not routinely use fluoroquinolone 
prophylaxis, which can impact pneumococcal rates. In VZV 
IgG–positive patients, we are now administering inactivated 
adjuvant recombinant zoster vaccine (Shingrix) at ∼7 and 9 
months post-autoHCT and then discontinuing valaciclovir 
prophylaxis after the second dose of vaccine dependent on 
concomitant immunosuppression. This present study was 
conducted in 2019, before the availability of Shingrix in 
Australia (mid-2021). Testing was not performed to assess 
vaccine response, that is, anti-glycoprotein E antibody. 
Therefore, based on our study and findings, we cannot 

comment on potential implications to current prophylaxis ap
proaches, including antiviral prophylaxis.

The limitations of our study include a relatively small num
ber of participants and heterogeneity in the population, which 
prohibit the assessment of clinical end points and extrapolation 
to a generalized postautograft population. There was limited 
observation time in the cohort to detect vaccine effectiveness. 
Further study is required to assess long-term seroprotection 
(beyond 6 months post-autoHCT) and the cost-effectiveness 
of an individualized vaccination schedule with testing. 
Follow-up immunogenicity analysis with blood sampling at 
least 12 months post-autoHCT as part of a larger prospective 
study is suggested as an area for future research.

In summary, we demonstrate relatively high rates of seropro
tection and seroconversion in the early post-autoHCT period. 
These data act as a pilot study for a more expansive prospective 
trial and provide the basis for investigation of a more personal
ized vaccination schedule post-autoHCT.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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