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Abstract
Background Whether human T-lymphotropic virus type 1 (HTLV-1) carriers can develop sufficient humoral immunity 
after coronavirus disease 2019 (COVID-19) vaccination is unknown.

Methods To investigate humoral immunity after COVID-19 vaccination in HTLV-1 carriers, a multicenter, prospective 
observational cohort study was conducted at five institutions in southwestern Japan, an endemic area for HTLV-1. 
HTLV-1 carriers and HTLV-1-negative controls were enrolled for this study from January to December 2022. During 
this period, the third dose of the COVID-19 vaccine was actively administered. HTLV-1 carriers were enrolled during 
outpatient visits, while HTLV-1-negative controls included health care workers and patients treated by participating 
institutions for diabetes, hypertension, or dyslipidemia. The main outcome was the effect of HTLV-1 infection on the 
plasma anti-COVID-19 spike IgG (IgG-S) titers after the third dose, assessed by multivariate linear regression with other 
clinical factors.

Results We analyzed 181 cases (90 HTLV-1 carriers, 91 HTLV-1-negative controls) after receiving the third dose. 
HTLV-1 carriers were older (median age 67.0 vs. 45.0 years, p < 0.001) and more frequently had diabetes, hypertension, 
or dyslipidemia than did HTLV-1-negative controls (60.0% vs. 27.5%, p < 0.001). After the third dose, the IgG-S titers 
decreased over time in both carriers and controls. Multivariate linear regression in the entire cohort showed that time 
since the third dose, age, and HTLV-1 infection negatively influenced IgG-S titers. After adjusting for confounders 
such as age, or presence of diabetes, hypertension, or dyslipidemia between carriers and controls using the overlap 
weighting propensity score method, and performing weighted regression analysis in the entire cohort, both time 
since the third dose and HTLV-1 infection negatively influenced IgG-S titers.

Conclusions The humoral immunity after the third vaccination dose is impaired in HTLV-1 carriers; thus, customized 
vaccination schedules may be necessary for them.
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Background
People with cancer have significantly increased morbidity 
and mortality from coronavirus disease 2019 (COVID-
19), compared with the general public [1, 2]. This is most 
apparent in patients with hematological malignancies, 
with a risk of severe course and/or death of 27–36% [3, 
4]. In addition, although most of the general population 
and patients with cancer acquire anti-COVID-19 spike 
protein IgG (IgG-S) antibodies after receiving mRNA- 
or adenovirus-based COVID-19 vaccines, patients with 
hematological malignancies, particularly those receiving 
anti-CD20 immunotherapy, do not [5–7].

Human T-lymphotropic virus type 1 (HTLV-1) is a 
retrovirus that causes adult T-cell leukemia/lymphoma 
(ATL) and progressive nervous system disorders known 
as HTLV-1-associated myelopathy or tropical spas-
tic paraparesis (HAM/TSP). Individuals infected with 
HTLV-1 on their infantile days through breast milk from 
HTLV-1-carrier mothers, or those infected by sexual 
contact with semen containing HTLV-1-infected leu-
kocytes, become HTLV-1 carriers; the total number of 
HTLV-1 carriers worldwide is estimated to be between 5 
and 10 million [8]. A small percentage of HTLV-1 carriers 
develop ATL or HAM/TSP, and most HTLV-1 carriers 
do not develop any HTLV-1-related disease during their 
lifetime. However, even in the absence of HTLV-1-related 
diseases, HTLV-1 carriers receive some degree of immu-
nomodulation from HTLV-1, affecting their susceptibil-
ity to infection by several pathogens [9], and this effect 
may extend to COVID-19. Therefore, we evaluated IgG-S 
antibody titers in HTLV-1 carriers who received the third 
(booster) dose of the COVID-19 vaccine.

Methods
Study design and population
A multicenter prospective cohort study was conducted at 
five institutions within the Miyazaki/Kagoshima/Kuma-
moto Prefecture, an HTLV-1 endemic area in south-
western Japan, to investigate the humoral immunity to 
COVID-19 vaccines in HTLV-1 carriers. From January to 
December 2022, HTLV-1 carriers and HTLV-1-negative 
controls, who had received the third dose of the COVID-
19 vaccine, were recruited for this study. HTLV-1-nega-
tive controls included volunteers working as health care 
workers at participating institutions and patients treated 
at participating institutions for diabetes, hypertension, or 
dyslipidemia (Supplementary Fig.  1). Those with active 
ATL or HAM/TSP and those with other malignancies 
or autoimmune diseases undergoing treatment were 
excluded from the study. Blood samples (plasma) were 
collected prospectively during routine hospital visits or 

when they were enrolled as volunteers and were tested 
for antibody titers. IgG-S titers were tested to assess each 
participant’s humoral immunity to the COVID-19 vac-
cine. To exclude the effect of previous severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection 
on IgG-S titers, a medical interview and measurement of 
anti-nucleocapsid IgG (IgG-N) antibody titers were per-
formed, and those with COVID-19 infection history or 
with IgG-N positivity were excluded from the study. As 
IgG-S antibody titers peaked approximately 2 weeks after 
the third dose, followed by a gradual decrease over time 
[10, 11], samples collected less than 14 days after vac-
cination were excluded from the analyses. Clinical data 
were collected using a case report form and included 
age at enrollment; sex; body mass index; comorbidities, 
including diabetes, hypertension, dyslipidemia, malig-
nant tumors, and autoimmune diseases; medications 
being administered; past medical history and treatment, 
such as malignant tumors; drinking habits; smoking hab-
its. Regarding COVID-19 vaccination history, the date 
of each vaccination and the type of vaccine the partici-
pant had received, BNT162b2 (Pfizer) or mRNA-1273 
(Moderna), were recorded. Drinking habits were sur-
veyed based on the number of drinking days per week. 
Smoking habits were surveyed based on the following 
three levels: “never had a habit before,” “had a habit in the 
past,” and “still have a habit.” This study was conducted 
following the Declaration of Helsinki and was approved 
by the Institutional Ethics Committee of the Faculty of 
Medicine, University of Miyazaki, and other participat-
ing institutes (O-1061). Written informed consent was 
obtained from all study participants.

SARS-CoV-2 antibody analyses
For plasma samples collected, IgG-S and IgG-N anti-
body titers were measured using Lumipulse® G SARS-
CoV-2  S-IgG, SARS-CoV-2  N-IgG, and the Lumipulse® 
G1200 assay system (FUJIREBIO Inc., Tokyo, Japan), or 
using Elecsys® Anti-SARS-CoV-2  S RUO, Elecsys® Anti-
SARS-CoV-2 RUO, and Cobas® 8000 e801 module (Roche 
Diagnostics, Rotkreuz, Switzerland), both according to 
the manufacturer’s instructions. Both Lumipulse® G and 
Cobas® 8000 are assay systems for quantitatively measur-
ing IgG-type antibodies in specimens based on chemi-
luminescent enzyme immunoassay (CLEIA) technology, 
using a specific two-step immunoassay method. Mea-
surements of IgG-S (arbitrary units per milliliter (AU)/
mL in the Lumipulse system and U/mL in the Cobas 
module) were converted to WHO International Bind-
ing Antibody Units (BAU/mL), using conversion factors 
provided by the reagent companies, and were used for 
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plotting and regression analysis [12]. The WHO defines 
cutoff values for anti-SARS-CoV-2-S1-receptor binding 
domain IgG of approximately 44–53 BAU/mL, 200–300 
BAU/mL, and 700–800 BAU/mL as low, mid, and high 
titers, respectively; a recent study also supported 50 
BAU/mL as the cutoff between negative and positive 
samples [13, 14]. For IgG-N antibody titers, we used 1.0 
AU/mL for SARS-CoV-2  N-IgG or index value 1.0 for 
Elecsys® Anti-SARS-CoV-2 RUO as the cutoff between 
negative and positive samples, according to the manufac-
turer’s instructions.

Statistical analysis
Patient characteristics were compared between groups 
using the Fisher’s exact and Mann–Whitney U tests. In 
addition, IgG-S antibody titers were compared between 
the groups using the Mann–Whitney U test. To iden-
tify the factors affecting IgG-S titers, univariate and 
multivariate linear regression analyses were performed. 
For all regression analyses, the response variable was 
defined as log10-transformed IgG-S titers. For multi-
variate linear regression analysis of IgG-S titers (log10-
transformed), explanatory variables included HTLV-1 
infection, proviral load of HTLV-1, and clinical factors 
reported to be associated with IgG-S titers in healthy 
individuals or healthcare workers: age, sex, BMI, drink-
ing and smoking habits, presence of diabetes, hyperten-
sion, or dyslipidemia, COVID-19 vaccination history 
involving different types of combinations, and the time 
lag between vaccine dose and sample collection [15–22]. 
Furthermore, the propensity score method using overlap 
weights was employed to adjust for confounding vari-
ables [23–25]. Overlap weighting assigns weights to each 
patient based on the probability of that patient belong-
ing to the opposite group. Specifically, HTLV-1 carriers 
are weighted by the probability of being HTLV-1-nega-
tive controls (1 − PS), and HTLV-1-negative controls are 
weighted by the probability of being HTLV-1 carriers 
(PS), where PS represents the propensity score. After 
adjusting for confounders between HTLV-1 carriers and 
HTLV-1-negative controls, weighted linear regression 
analysis and weighted Mann–Whitney U tests for IgG-S 
titers were performed. Results were considered signifi-
cant at p < 0.05. Statistical analyses were performed using 
the R (version 4.1.2) and its packages ggplot2, tableone, 
PSweight, and gt-summary.

Results
Overall, 112 HTLV-1 carriers and 100 HTLV-1-negative 
controls comprising health care workers (n = 82) and 
patients with diabetes, hypertension, or dyslipidemia 
(n = 18), were enrolled in this study. Participants or sam-
ples were excluded according to the exclusion criteria, 
and HTLV-1 carriers did not include patients with HAM 

and ATL (Supplementary Fig.  1). Finally, 90 HTLV-1 
carriers and 91 HTLV-1-negative controls (health care 
workers, n = 76; patients with either diabetes, hyperten-
sion, or dyslipidemia, n = 15), who received the third dose 
of the COVID-19 vaccine, were included in the analy-
sis. The median ages at vaccination were 67.0 years and 
45.0 years for HTLV-1 carriers and HTLV-1-negative 
controls, respectively (p < 0.001) (Table  1). As 10 of the 
health care workers in the control group had diabetes, 
hypertension, or dyslipidemia, totally, the control group 
included 25 patients (27.5%) with diabetes, hyperten-
sion, or dyslipidemia. Compared with HTLV-1 nega-
tive controls, HTLV-1 carriers were more likely to have 
a higher BMI and to have either diabetes, hypertension, 
or dyslipidemia. In addition, HTLV-1 carriers were more 
likely to have been vaccinated with different combina-
tions of the BNT162b2 and mRNA-1273 COVID-19 vac-
cine. This different distribution was primarily because 
the BNT162b2 vaccine was preferentially given to health 
care workers who volunteered for the study. The median 
HTLV-1 proviral load in HTLV-1 carriers was 20.6 [5.7, 
48.4] copies/1000 PBMCs (median [interquartile range]).

Except for one HTLV-1 carrier with 37.2 BAU/mL at 5 
months after the third vaccine dose, all HTLV-1 carriers 
and HTLV-1-negative controls were positive for IgG-S 
antibodies (50 BAU/mL) after the third dose (Fig.  1). 
This exceptional elderly 76-year-old HTLV-1 carrier 
with a proviral load of 6.1 copies/1000 PBMCs had no 
other reported factors associated with impaired humoral 
immunity to the anti-COVID-19 vaccine such as heavy 
smoking or drinking habits. Univariate linear regres-
sion of IgG-S titers with a time lag after the third dose, 
showed that the time lag negatively influenced IgG-S 
titers both in HTLV-1 carriers and the control group (the 
coefficient of a time lag in HTLV-1-negative controls, β = 
-0.371, p < 0.001; and that in HTLV-1 carriers, β = -0.328, 
p < 0.001). We performed multivariate linear regressions 
for both HTLV-1 carriers and HTLV-1-negative controls, 
analyzing IgG-S titers in relation to time lag, HTLV-1 
infection, and other clinical factors reported to be asso-
ciated with IgG-S titers after the second dose in healthy 
individuals or healthcare workers [15–22]; these include 
age, BMI, diabetes, hypertension, dyslipidemia, and 
diverse COVID-19 vaccination histories (Table  1). We 
observed that time lag inversely impacted IgG-S titers in 
both groups, while age showed a similar effect exclusively 
in HTLV-1 carriers (Table 2).

Furthermore, when conducting multivariate linear 
regression in the entire cohort, time lag, age, and HTLV-
1-infection negatively affected IgG-S titers (Table  3). To 
refine the understanding of HTLV-1 infection’s impact 
on IgG-S titers, particularly considering age and the 
presence of diabetes, hypertension, or dyslipidemia, we 
adjusted for background differences between HTLV-1 
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Table 1 Background of participants whose samples were collected after the third vaccine dose
Variable Overall HTLV-1-negative 

control
HTLV-1 carrier p

n 181 91 90
Age (median [IQR]) 58.0 [44.0, 69.0] 45.0 [33.0, 54.0] 67.0 [59.0, 71.0] < 0.001
Sex, female/male, n (%) 125/56 

(69.1/30.9)
65/26 (71.4/28.6) 60/30 (66.7/33.3) 0.523

Higher BMI, n (%) 13 (7.2) 3 (3.3) 10 (11.1) 0.048
Drinking habit, n (%) 51 (28.2) 26 (28.6) 25 (27.8) 1
Smoking habit, n (%) 20 (11.0) 9 (9.9) 11 (12.2) 0.644
Diabetes, n (%) 18 (9.9) 8 (8.8) 10 (11.1) 0.629
Hypertension, n (%) 59 (32.6) 18 (19.8) 41 (45.6) < 0.001
Dyslipidemia, n (%) 39 (21.5) 11 (12.1) 28 (31.1) 0.002
Presence of diabetes, hypertension, or dyslipidemia, n (%) 79 (43.6) 25 (27.5) 54 (60.0) < 0.001
Treatment history of malignancy, n (%) 5 (2.8) 2 (2.2) 3 (3.3) 0.682
Time lag between vaccination and sampling, months (median [IQR]) 2.20 [1.33, 3.93] 1.57 [1.33, 3.65] 2.97 [1.71, 4.33] 0.012
COVID-19 vaccination history involving different types of combinations 50 (27.6) 13 (14.3) 37 (41.1) < 0.001
COVID-19 vaccination combinations < 0.001
3 doses of BNT162b2 127 (70.2) 74 (81.3) 53 (58.9)
2 doses of BNT162b2 and 1 dose of mRNA-1273 48 (26.5) 13 (14.3) 35 (38.9)
1 dose of BNT162b2 and 2 doses of mRNA-1273 2 (1.1) 0 (0.0) 2 (2.2)
3 doses of mRNA-1273 4 (2.2) 4 (4.4) 0 (0.0)
Abbreviations: HTLV-1, human T-lymphotropic virus type 1; BMI, Body Mass Index; p, p value between the HTLV-1 carrier and HTLV-1-negative control groups. Higher 
BMI is defined as “BMI > = 30.” Drinking habit is defined as “drinking alcohol more than 3 days per week.” Smoking habit is defined as “still have a habit.”

Fig. 1 Dynamics of anti-COVID-19 spike protein IgG (IgG-S) antibody titers after the third vaccine dose. IgG-S antibody titers in HTLV-1 carriers and 
HTLV-1-negative controls along the time from the third vaccine dose. The x-axis represents the sampling time point based on the date of the third dose 
(months). The y-axis represents IgG-S antibody titers (BAU/mL) on a log10 scale. Univariate regression lines for IgG-S titers by the time from the third dose 
to sample collection are shown with 95% CIs. The dashed lines indicate the cutoff values that distinguish low, medium, and high titers of anti-SARS-CoV-
2-S1-receptor binding domain IgG as defined by the WHO. HTLV-1, human T-lymphotropic virus type 1; BAU, binding antibody units; IgG-S, anti-COVID-19 
spike protein IgG; CI, confidence interval; WHO, World Health Organization
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carriers and HTLV-1-negative controls. This adjustment 
was achieved using the propensity score method with 
overlap weights (Supplementary Table 1, Supplementary 
Fig.  2) [23–25]. Post-adjustment, the multivariate linear 
regressions of the entire cohort revealed that both time 
lag and HTLV-1 infection continued to adversely affect 
IgG-S titers (Table 3; Fig. 2).

Discussion
In this study, we demonstrated that HTLV-1 carriers had 
lower IgG-S antibody titers than did HTLV-1-negative 
controls after a third dose of the COVID-19 vaccine, 
suggesting an impaired humoral immunity following 
COVID-19 vaccination.

The antibody titers acquired after the second vaccine 
dose in patients with hematological malignancy were 
significantly lower than those in healthy controls, par-
ticularly in those with lymphoid malignancies undergo-
ing immunotherapy and/or chemotherapy [5]. The third 
dose may boost humoral immunity in patients with 
hematological malignancies. Among 25 patients with 
positive IgG-S titers before the third dose, 23 (92%) had 
increased IgG-S titers after the third dose [6]. However, 

patients who initially tested negative for antibodies (sero-
negative) still tested negative even after the third dose. 
Of the 23 patients with a history of anti-CD20 treat-
ment, those treated within 12 months before the third 
dose responded poorly, compared with those receiving 
the same drug at least 12 months before the third dose. In 
another report, most participants who were treatment-
naïve or had completed systemic treatment more than 24 
weeks before the third dose had improved antibody lev-
els; however, 29% of the participants still had lower IgG-S 
levels after the third dose [7]. Decreased antibody titers 
acquired after a vaccine dose were also reported in peo-
ple living with human immunodeficiency virus (PLWH) 
and patients receiving hemodialysis. After the second 
and third doses of COVID-19 mRNA-based vaccine, 
IgG-S titers were lower in PLWH compared with healthy 
controls [26]. This trend was accentuated in the subgroup 
of patients with lower CD4+ T-cell counts [26]. In hemo-
dialysis patients, only 24% and 77% of patients had more 
than 500 BAU/mL 6 months after the second and third 
doses of COVID-19 vaccination, respectively [27].

As with patients with hematological malignancies 
with anti-CD20 treatment or PLWH, HTLV-1 carriers 

Table 2 Factors affecting IgG-S titers by multivariate linear regression for HTLV-1 carriers and HTLV-1-negative controls
HTLV-1-negative control HTLV-1 carrier

Variable Estimate SE p Estimate SE p
(Intercept) 10.38 0.301 0.000 11.62 0.734 0.000
Time lag, month -0.369 0.049 0.000 -0.358 0.056 0.000
Age -0.008 0.007 0.256 -0.038 0.010 0.000
Male gender -0.169 0.216 0.435 -0.082 0.281 0.772
Higher BMI 0.255 0.455 0.578 -0.211 0.336 0.532
Drinking habit -0.244 0.189 0.200 -0.012 0.300 0.967
Smoking habit 0.083 0.281 0.769 -0.521 0.329 0.117
Presence of diabetes, hypertension, or dyslipidemia 0.151 0.207 0.467 -0.085 0.217 0.696
COVID-19 vaccination history involving different types of combinations -0.275 0.265 0.302 -0.173 0.205 0.402
Abbreviations: BMI, Body Mass Index; SE, standard error; p, p value. Higher BMI is defined as “BMI > = 30.” Drinking habit is defined as “drinking alcohol more than 3 
days per week.” Smoking habit is defined as “still have a habit.”

Table 3 Factors affecting IgG-S titers by multivariate linear regression for the entire cohort with or without adjustment
Without adjustment With adjustment

Variable Estimate SE p Estimate SE p
(Intercept) 10.85 0.272 < 0.001 10.32 0.711 < 0.001
Time lag, month -0.356 0.036 < 0.001 -0.304 0.058 < 0.001
HTLV-1 infection -0.465 0.188 0.014 -0.501 0.179 0.006
Age -0.020 0.006 0.001 -0.009 0.012 0.450
Male gender -0.081 0.158 0.610 -0.213 0.200 0.288
Higher BMI -0.131 0.257 0.610 -0.053 0.252 0.833
Drinking habit -0.066 0.159 0.679 0.136 0.142 0.338
Smoking habit -0.182 0.211 0.392 -0.157 0.161 0.332
Presence of diabetes, hypertension, or dyslipidemia 0.061 0.147 0.678 -0.051 0.146 0.728
COVID-19 vaccination history involving different types of combinations -0.161 0.155 0.300 -0.311 0.161 0.056
The propensity score method using overlap weights was employed to adjust for confounding

Abbreviations: HTLV-1, human T-lymphotropic virus type 1; BMI, Body Mass Index; SE, standard error; p, p value. Higher BMI is defined as “BMI > = 30.” Drinking habit 
is defined as “drinking alcohol more than 3 days per week.” Smoking habit is defined as “still have a habit”



Page 6 of 8Kameda et al. BMC Infectious Diseases           (2024) 24:96 

had impaired humoral immunity after the third vaccine 
dose. A previous study demonstrated a clear correlation 
between IgG-S and neutralizing antibodies after vacci-
nation in patients with hematological malignancies [6]. 
Therefore, HTLV-1 carriers with a third vaccine dose 
might not develop a humoral immune protective effect 
against COVID-19 to a similar extent as HTLV-1-neg-
ative controls do. Higher levels of IgG-S were sustained 
beyond 4 months after the third dose in HTLV-1-negative 
controls, which was consistent with a report where the 
third dose sustained high levels of neutralizing antibodies 
against SARS-CoV-2, at 6 months following vaccination 
in healthy individuals [28]. Furthermore, another report 
comparing antibody waning after the second and third 
doses showed that the waning of IgG-S levels was slower 
after the third dose than after the second dose [29]. In 
the adjusted regression analysis for the entire cohort in 
our study, time since the third dose and HTLV-1 infec-
tion still negatively influenced IgG-S titers. Age, smoking, 
drinking, higher BMI, presence of diabetes, hyperten-
sion, or dyslipidemia have harmed IgG-S titers after the 
second dose in HTLV-1-negative populations [15–21]. 
However, the effects of these unfavorable factors were 
attenuated after the third dose [30]. Similarly, these fac-
tors did not affect IgG-S titers after the third dose in 
HTLV-1-negative controls in our study. However, age 
still negatively influenced IgG-S titers in HTLV-1 carriers 

along with time lag, suggesting a distinct immunological 
background in each group.

HTLV-1 infection is associated with altered expres-
sion of immunosuppressive or antigen-presenting mol-
ecules such as programmed death receptor-1 (PD-1), 
programmed cell death ligand 1 (PD-L1), or human leu-
kocyte antigen (HLA) class II on CD4+ T cells [31–34]. 
Notably, this aberrant expression is not confined to 
HTLV-1-infected cells; it also extends to non-infected 
antigen-presenting cells within the microenvironment, 
potentially leading to a diminished humoral response fol-
lowing vaccination [33, 34]. As PD-1 expression on CD4+ 
T cells in healthy aged individuals has been reported to 
correlate with the decreased expansion and maintenance 
of spike-specific CD4+ T cells and CD8+ T cells follow-
ing anti-COVID-19 vaccination [35], HTLV-1 infection 
may contribute to the decreased humoral immunity 
against COVID-19 vaccination. Indeed, humoral and 
CD4+ T-cell responses to tetanus toxoid were impaired 
in HTLV-1 carriers, partly because of a decrease in the 
intensity of HLA–DR isotype expression on monocytes 
and the low frequency of dendritic cell subsets, possibly 
resulting in impaired antigen presentation to T-cells [36]. 
HTLV-1-specific immunomodulation might contribute 
to the impaired humoral immunity following COVID-19 
vaccination.

Our study report on the humoral immunity follow-
ing the administration of mRNA-based anti-COVID-19 

Fig. 2 Dynamics of anti-COVID-19 spike protein IgG (IgG-S) antibody titers after the third vaccine dose for adjusted samples. IgG-S antibody titers in HTLV-
1 carriers and HTLV-1-negative controls along the time from the third vaccine dose for adjusted samples. The x-axis represents the sampling time point 
based on the date of the third dose (months). The y-axis represents IgG-S antibody titers (BAU/mL) on a log10 scale. The size of each dot represents the 
weight of each sample, calculated by propensity score method using overlap weights. Weighted univariate regression lines for IgG-S titers by the time 
from the third dose to sample collection are shown with 95% CIs. The dashed lines indicate the cutoff values that distinguish low, medium, and high titers 
of anti-SARS-CoV-2-S1-receptor binding domain IgG as defined by the WHO. HTLV-1, human T-lymphotropic virus type 1; BAU, binding antibody units; 
IgG-S, anti-COVID-19 spike protein IgG; CI, confidence interval; WHO, World Health Organization
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vaccine to HTLV-1 carriers. Additionally, Esfehani et al. 
recently reported that HTLV-1 carriers who received a 
second or third dose of protein-based Sinopharm’s anti-
COVID-19 vaccine showed impaired humoral immunity 
28 days after vaccination, compared with HTLV-1 nega-
tive controls [37]. Whether protein-based or mRNA-
based, humoral immunity appears to be impaired in 
HTLV-1 carriers after administration of anti-COVID 
vaccine. These observations may be useful in determin-
ing the time of the following vaccine dose in HTLV-1 
carriers.

This study has some limitations. There were some 
background differences between HTLV-1 carriers and 
HTLV-1-negative controls. In addition, timing of blood 
collection is not constant, which depends on each par-
ticipant’s routine clinical visits. Despite these limitations, 
this study provides basic data on this neglected infec-
tious disease, which is an important public health issue in 
some endemic regions.

Conclusion
Humoral immunity to COVID-19 vaccines is impaired in 
HTLV-1 carriers. The protective effect of humoral immu-
nity in HTLV-1 carriers may last only for a shorter period 
than that in HTLV-1-negative controls. Our observations 
may help to understand the susceptibility of HTLV-1 car-
riers to COVID-19 and develop an optimal vaccination 
schedule.

Abbreviations
COVID-19  coronavirus disease 2019
HTLV-1  human T-lymphotropic virus type 1
ATL  Adult T-cell Leukemia
HAM/TSP  HTLV-1-associated myelopathy or tropical spastic paraparesis
SARS-CoV-2  Severe Acute Respiratory Syndrome Coronavirus 2
AU  Arbitrary Units per milliliter
BAU  Binding Antibody Units

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12879-024-09001-z.

Supplementary Material 1: File format: Word (.DOC). Supplementary 
Table 1: Patient characteristics adjusted by propensity score method us-
ing overlap weights. Supplementary Figure 1: Patient flow in this study. 
Supplementary Figure 2: Assessment of absolute standardized mean 
differences in covariates and the distribution of weighted cases using the 
overlap weighting method

Acknowledgements
The authors would like to thank the healthy volunteers at the participating 
institutions; M. Makino, Y. Kakizoe, T. Kawabata, M. Fukuyama, M. Ochiai, A. 
Magata, M. Kai, M. Matsushita, Y. Aratake, Y. Arashi, and Y. Kurogi for their 
support with data curation; and M. Matsushita, T. Shinmori, and S. Saitou for 
their technical assistance. T. Kameda, A. Utsunomiya, and K. Shimoda had full 
access to all the data in the study and take responsibility for the integrity of 
the data and the accuracy of the data analysis.

Author contributions
T.K., A. Utsunomiya, N. Otsuka, K. Shide, and K. Shimoda were involved in the 
conception, design, and planning of this study. Y.T., A. Kamiunten, K.A., M.K., 
T.H., Y.K., T.U., A. Konagata, Y.N., F.K., N.T., K. Shimizu, H.U., H.Y., A.U., N.N., M.T., 
T.M., Y.I., K.Y., K.T., M.H., I.J., N.T., and Y.I. provided the resources, clinical data, and 
administrative support. T.K., A.U., K. Shide, and K. Shimoda accessed, analyzed, 
and verified the data. T.K., A.U., K. Shide, and K. Shimoda performed statistical 
analyses. T.K., K. Shide, and K. Shimoda wrote the first draft of the manuscript, 
with contributions from all authors. A.U. critically reviewed and revised the 
manuscript for important intellectual content. All authors reviewed the 
interim drafts and final version of the manuscript and agreed with its content 
and submission. K. Shimoda was responsible for the decision to submit the 
manuscript for publication.

Funding
This study was supported by a Grant-in-Aid for Clinical Research from 
the University of Miyazaki Hospital (R4, R5) to T. Kameda and grant 
21ck0106538h0002 and 23ck0106789h0001 to K. Shimoda from the Japan 
Agency for Medical Research and Development. The funding body did not 
influence the study design, data collection, data interpretation, or writing of 
the manuscript.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and 
approved by the Institutional Ethics Committee of the Faculty of Medicine, 
University of Miyazaki, and other participating institutes (O-1061). Written 
informed consent was obtained from all study participants.

Consent for publication
Not Applicable.

Competing interests
K. Shimoda received consulting fees from Novartis Pharma, Takeda 
Pharmaceutical, and Bristol-Myers, all outside the submitted work, and 
received research grants from Perseus Proteomics, Pharma Essentia Japan KK, 
AbbVie GK, Astellas Pharma, MSD, Chugai Pharmaceutical, Kyowa Kirin, Pfizer, 
Novartis Pharma, Otsuka Pharmaceutical, and Asahi Kasei Medical, all outside 
the submitted work. A. Utsunomiya has received honoraria from Kyowa Kirin, 
Daiichi Sankyo, Bristol-Myers Squibb, and Meiji Seika Pharma and consulting 
fees from JIMRO and Otsuka Medical Devices, all outside the submitted work. 
M. Hidaka received honoraria from Chugai Pharm. And Huya, Japan. The 
authors declare no conflicts of interest.

Author details
1Division of Hematology, Diabetes, and Endocrinology, Department of 
Internal Medicine, Faculty of Medicine, University of Miyazaki, 5200 Kihara, 
Kiyotake, Miyazaki 889-1692, Japan
2Department of Hematology, Imamura General Hospital, Kagoshima, 
Japan
3Youkikai Ikei Hospital, Kobayashi, Japan
4Department of Dermatology, Imamura General Hospital, Kagoshima, 
Japan
5National Hospital Organization Kumamoto Medical Center, Kumamoto, 
Japan
6Department of Internal Medicine, Aisenkai Nichinan Hospital, Nichinan, 
Japan

Received: 28 August 2023 / Accepted: 9 January 2024

References
1. Saini KS, Tagliamento M, Lambertini M, McNally R, Romano M, Leone M, Curi-

gliano G, de Azambuja E. Mortality in patients with cancer and coronavirus 

https://doi.org/10.1186/s12879-024-09001-z
https://doi.org/10.1186/s12879-024-09001-z


Page 8 of 8Kameda et al. BMC Infectious Diseases           (2024) 24:96 

disease 2019: a systematic review and pooled analysis of 52 studies. Eur J 
Cancer. 2020;139:43–50.

2. Lee LYW, Cazier JB, Starkey T, Briggs SEW, Arnold R, Bisht V, Booth S, 
Campton NA, Cheng VWT, Collins G, et al. COVID-19 prevalence and 
mortality in patients with cancer and the effect of primary tumour subtype 
and patient demographics: a prospective cohort study. Lancet Oncol. 
2020;21(10):1309–16.

3. Vijenthira A, Gong IY, Fox TA, Booth S, Cook G, Fattizzo B, Martin-Moro F, 
Razanamahery J, Riches JC, Zwicker J, et al. Outcomes of patients with hema-
tologic malignancies and COVID-19: a systematic review and meta-analysis of 
3377 patients. Blood. 2020;136(25):2881–92.

4. Pinana JL, Martino R, Garcia-Garcia I, Parody R, Morales MD, Benzo G, Gomez-
Catalan I, Coll R, De La Fuente I, Luna A, et al. Risk factors and outcome of 
COVID-19 in patients with hematological malignancies. Exp Hematol Oncol. 
2020;9:21.

5. Okamoto A, Fujigaki H, Iriyama C, Goto N, Yamamoto H, Mihara K, Inaguma 
Y, Miura Y, Furukawa K, Yamamoto Y, et al. CD19-positive lymphocyte count 
is critical for acquisition of anti-SARS-CoV-2 IgG after vaccination in B-cell 
lymphoma. Blood Adv. 2022;6(11):3230–3.

6. Re D, Seitz-Polski B, Brglez V, Carles M, Graca D, Benzaken S, Liguori S, Zahred-
dine K, Delforge M, Bailly-Maitre B, et al. Humoral and cellular responses after 
a third dose of SARS-CoV-2 BNT162b2 vaccine in patients with lymphoid 
malignancies. Nat Commun. 2022;13(1):864.

7. Lim SH, Stuart B, Joseph-Pietras D, Johnson M, Campbell N, Kelly A, Jeffrey D, 
Turaj AH, Rolfvondenbaumen K, Galloway C, et al. Immune responses against 
SARS-CoV-2 variants after two and three doses of vaccine in B-cell malignan-
cies: UK PROSECO study. Nat Cancer. 2022;3(5):552–64.

8. Gessain A, Cassar O. Epidemiological aspects and World distribution of 
HTLV-1 infection. Front Microbiol. 2012;3:388.

9. Goon PK, Bangham CR. Interference with immune function by HTLV-1. Clin 
Exp Immunol. 2004;137(2):234–6.

10. Yavlinsky A, Beale S, Nguyen V, Shrotri M, Byrne T, Geismar C, Fragaszy E, 
Hoskins S, Fong W, Navaratnam A et al. Anti-spike antibody trajectories in 
individuals previously immunised with BNT162b2 or ChAdOx1 following 
a BNT162b2 booster dose [version 1; peer review: awaiting peer review]. 
Wellcome Open Research 2022, 7(181).

11. Eliakim-Raz N, Stemmer A, Ghantous N, Ness A, Awwad M, Leibovici-Weisman 
Y, Stemmer SM. Antibody titers after a third and fourth SARS-CoV-2 BNT162b2 
vaccine dose in older adults. JAMA Netw Open. 2022;5(7):e2223090.

12. Kobayashi R, Suzuki E, Murai R, Tanaka M, Fujiya Y, Takahashi S. Performance 
analysis among multiple fully automated anti-SARS-CoV-2 antibody measure-
ment reagents: a potential indicator for the correlation of protection in the 
antibody titer. J Infect Chemother. 2022;28(9):1295–303.

13. World Health Organization Reference Panel. First WHO international reference 
panel for anti-SARS‐CoV‐2 immunoglubulin. NIBSC code: 20/268 instructions 
for use (Version 30) 2020.

14. Ruetalo N, Flehmig B, Schindler M, Pridzun L, Haage A, Reichenbacher M, 
Kirchner T, Kirchner T, Klingel K, Ranke MB et al. Long-Term Humoral Immune 
Response against SARS-CoV-2 after Natural Infection and Subsequent Vac-
cination According to WHO International Binding Antibody Units (BAU/mL). 
Viruses 2021, 13(12).

15. Levin EG, Lustig Y, Cohen C, Fluss R, Indenbaum V, Amit S, Doolman R, Asraf 
K, Mendelson E, Ziv A, et al. Waning Immune Humoral response to BNT162b2 
Covid-19 vaccine over 6 months. N Engl J Med. 2021;385(24):e84.

16. Yamamoto S, Tanaka A, Ohmagari N, Yamaguchi K, Ishitsuka K, Morisaki N, 
Kojima M, Nishikimi A, Tokuda H, Inoue M, et al. Use of heated tobacco prod-
ucts, moderate alcohol drinking, and anti-SARS-CoV-2 IgG antibody titers 
after BNT162b2 vaccination among Japanese healthcare workers. Prev Med. 
2022;161:107123.

17. Perez-Alos L, Armenteros JJA, Madsen JR, Hansen CB, Jarlhelt I, Hamm SR, 
Heftdal LD, Pries-Heje MM, Moller DL, Fogh K, et al. Modeling of waning 
immunity after SARS-CoV-2 vaccination and influencing factors. Nat Com-
mun. 2022;13(1):1614.

18. Chano T, Yamashita T, Fujimura H, Kita H, Ikemoto T, Kume S, Morita SY, Suzuki 
T, Kakuno F. Effectiveness of COVID-19 vaccination in healthcare workers in 
Shiga Prefecture, Japan. Sci Rep. 2022;12(1):17621.

19. Chu C, Schonbrunn A, Klemm K, von Baehr V, Kramer BK, Elitok S, Hocher 
B. Impact of hypertension on long-term humoral and cellular response to 
SARS-CoV-2 infection. Front Immunol. 2022;13:915001.

20. Hussein K, Dabaja-Younis H, Szwarcwort-Cohen M, Almog R, Leiba R, Weiss-
man A, Mekel M, Hyams G, Horowitz NA, Gepstein V et al. Third BNT162b2 

vaccine Booster dose against SARS-CoV-2-Induced antibody response 
among Healthcare Workers. Vaccines (Basel) 2022, 10(10).

21. Ferrara P, Gianfredi V, Tomaselli V, Polosa R. The Effect of Smoking on Humoral 
Response to COVID-19 vaccines: a systematic review of Epidemiological stud-
ies. Vaccines (Basel) 2022, 10(2).

22. Munro APS, Janani L, Cornelius V, Aley PK, Babbage G, Baxter D, Bula M, Cathie 
K, Chatterjee K, Dodd K, et al. Safety and immunogenicity of seven COVID-19 
vaccines as a third dose (booster) following two doses of ChAdOx1 nCov-19 
or BNT162b2 in the UK (COV-BOOST): a blinded, multicentre, randomised, 
controlled, phase 2 trial. Lancet. 2021;398(10318):2258–76.

23. Li F, Thomas LE, Li F. Addressing Extreme Propensity scores via the Overlap 
weights. Am J Epidemiol. 2019;188(1):250–7.

24. Thomas LE, Li F, Pencina MJ. Overlap weighting: a propensity score 
method that mimics attributes of a Randomized Clinical Trial. JAMA. 
2020;323(23):2417–8.

25. Mehta N, Kalra A, Nowacki AS, Anjewierden S, Han Z, Bhat P, Carmona-Rubio 
AE, Jacob M, Procop GW, Harrington S, et al. Association of Use of Angio-
tensin-converting enzyme inhibitors and angiotensin II receptor blockers 
with testing positive for Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 
2020;5(9):1020–6.

26. Zhan H, Gao H, Liu Y, Zhang X, Li H, Li X, Wang L, Li C, Li B, Wang Y, et al. 
Booster shot of inactivated SARS-CoV-2 vaccine induces potent immune 
responses in people living with HIV. J Med Virol. 2023;95(1):e28428.

27. Hsu CM, Weiner DE, Manley HJ, Li NC, Miskulin D, Harford A, Sanders R, Ladik 
V, Frament J, Argyropoulos C, et al. Serial SARS-CoV-2 antibody titers in Vac-
cinated Dialysis patients: prevalence of unrecognized infection and duration 
of Seroresponse. Kidney Med. 2023;5(11):100718.

28. Ntanasis-Stathopoulos I, Karalis V, Sklirou AD, Gavriatopoulou M, Alexopoulos 
H, Malandrakis P, Trougakos IP, Dimopoulos MA, Terpos E. Third dose of the 
BNT162b2 vaccine results in sustained high levels of neutralizing antibodies 
against SARS-CoV-2 at 6 months following vaccination in healthy individuals. 
Hemasphere. 2022;6(7):e747.

29. Gilboa M, Regev-Yochay G, Mandelboim M, Indenbaum V, Asraf K, Fluss 
R, Amit S, Mendelson E, Doolman R, Afek A, et al. Durability of Immune 
Response after COVID-19 Booster Vaccination and Association with COVID-19 
Omicron infection. JAMA Netw Open. 2022;5(9):e2231778.

30. Yamamoto S, Oshiro Y, Inamura N, Nemoto T, Horii K, Okudera K, Konishi M, 
Ozeki M, Mizoue T, Sugiyama H et al. Durability and determinants of anti-
SARS-CoV-2 spike antibodies following the second and third doses of mRNA 
COVID-19 vaccine. medRxiv 2022:2022.2011.2007.22282054.

31. Kannagi M, Hasegawa A, Nagano Y, Kimpara S, Suehiro Y. Impact of host 
immunity on HTLV-1 pathogenesis: potential of tax-targeted immunotherapy 
against ATL. Retrovirology. 2019;16(1):23.

32. Kozako T, Yoshimitsu M, Fujiwara H, Masamoto I, Horai S, White Y, Akimoto 
M, Suzuki S, Matsushita K, Uozumi K, et al. PD-1/PD-L1 expression in human 
T-cell leukemia virus type 1 carriers and adult T-cell leukemia/lymphoma 
patients. Leukemia. 2009;23(2):375–82.

33. Tan BJ, Sugata K, Reda O, Matsuo M, Uchiyama K, Miyazato P, Hahaut V, Yam-
agishi M, Uchimaru K, Suzuki Y et al. HTLV-1 infection promotes excessive T 
cell activation and transformation into adult T cell leukemia/lymphoma. J Clin 
Invest 2021, 131(24).

34. Koya J, Saito Y, Kameda T, Kogure Y, Yuasa M, Nagasaki J, McClure MB, Shingaki 
S, Tabata M, Tahira Y, et al. Single-cell analysis of the multicellular ecosystem 
in viral carcinogenesis by HTLV-1. Blood Cancer Discov. 2021;2(5):450–67.

35. Jo N, Hidaka Y, Kikuchi O, Fukahori M, Sawada T, Aoki M, Yamamoto M, Nagao 
M, Morita S, Nakajima TE, et al. Impaired CD4(+) T cell response in older adults 
is associated with reduced immunogenicity and reactogenicity of mRNA 
COVID-19 vaccination. Nat Aging. 2023;3(1):82–92.

36. Souza A, Santos S, Carvalho LP, Grassi MFR, Carvalho EM. Impairment of the 
humoral and CD4(+) T cell responses in HTLV-1-infected individuals immu-
nized with tetanus toxoid. Hum Immunol. 2016;77(8):674–81.

37. Jafarzadeh Esfehani R, Vahidi Z, Shariati M, Mosavat A, Shafaei A, Shahi M, 
Rafatpanah H, Bidkhori HR, Boostani R, Hedayati-Moghaddam MR. Immune 
response to COVID-19 vaccines among people living with human T-cell 
lymphotropic virus type 1 infection: a retrospective cohort study from Iran. J 
Neurovirol 2023.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Impaired humoral immunity following COVID-19 vaccination in HTLV-1 carriers
	Abstract
	Background
	Methods
	Study design and population
	SARS-CoV-2 antibody analyses
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


