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LONG-TERM IMMUNITY TO MEASLES AFTER ALLOGENEIC HAEMATOPOIETIC CELL TRANSPLANTATION: FACTORS ASSOCIATED WITH SEROPROTECTION BEFORE REVACCINATION
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Measles can be a life-threatening infection in immunocompromised patients, especially after allogeneic haematopoietic cell transplantation (HCT) because of the corresponding loss of immunity.

However, measles vaccines are live-attenuated, which is why measles vaccinations are recommended only in seronegative HCT recipients and in specific conditions. Few data exist, however, on the rates of seroprotection to measles with the current conditioning regimens and in long-term follow-up. The objectives of the study were to assess measles immunity before considering vaccination in a cohort of allogeneic HCT long-term survivors and to identify the factors associated with seropositivity/seroprotection. One hundred and twenty-six patients transplanted 1-39 years ago (median: 9 years) were assessed for measles immunity. Measles immunoglobulin (Ig)G titers were determined with an automated chemiluminescent immunoassay. Seropositivity/seroprotection was defined by IgG titers > 16.5 UA/mL. Most patients were transplanted for acute leukaemia (61%) and after a reduced-intensity (RIC) or nonmyeloablative (NMA) regimen in 46% of them. Here, 78/126 (62%) of the patients were seropositive/seroprotected for measles. Among the seropositive patients, the patients who had been vaccinated before transplant had lower median IgG titers (48 UA/mL) than those who had not (116 UA/mL). Myeloproliferative disorder, RIC or NMA conditioning and absence of acute grade > 2 graft-versus-host disease were associated with seropositivity/seroprotection. With a 62% rate of seropositivity/seroprotection for measles at a median of nine years after transplant, our findings strongly support a systematic assessment of antimeasles antibody titers to avoid unnecessary vaccination in seroprotected patients.

INTRODUCTION

Measles is a life-threatening viral infection that may occur after allogeneic haematopoietic cell transplantation (HCT), and until now, there has been no active antiviral treatment [START_REF] Ge | Measles Outbreak in Pediatric Hematology and Oncology Patients in Shanghai[END_REF][START_REF] Machado | Measles in bone marrow transplant recipients during an outbreak in Sao Paulo, Brazil[END_REF]. After the introduction of the measles vaccine in the early 1980s, a decreased vaccinal coverage of the population was observed in many countries, leading to measles re-emergence, an increased risk of outbreaks worldwide and of the life-threatening disease appearing in immunocompromised patients.

The worldwide number of measles deaths remains around 100,000 yearly (3,[START_REF] Paules | Measles in 2019 -Going Backward[END_REF]. In Europe, the number of measles cases reported in 2018 was three times that in 2017 and 15 times that in 2016 [START_REF] Paules | Measles in 2019 -Going Backward[END_REF]. In France, where the percentage of measles vaccinations is not optimal (78% in two-year-old children in 2010 according to the French Health and Solidarity Ministry [START_REF] Guthmann | Mesure de la couverture vaccinale en France[END_REF]), an outbreak of more than 20,000 cases was observed between 2008 and 2011 [START_REF] Antona | Measles elimination efforts and 2008-2011 outbreak, France[END_REF], with a later persistence of an endemic situation [START_REF] Antona | Epidémiologie de la rougeole en France entre 2011 et 2018[END_REF]. Because measles is highly transmissible, outbreaks are more likely to occur in crowded locations, like with the outbreak reported in a jail in Arizona in 2016 [START_REF] Venkat | Measles Outbreak at a Privately Operated Detention Facility: Arizona, 2016[END_REF]. Because of their loss of measles immunity as soon as the first year after transplant [START_REF] Garrido | Early loss of immunity against measles following allogeneic hematopoietic stem cell transplantation[END_REF], HCT recipients are especially threatened by these outbreaks. Indeed, several outbreaks have been reported in haematological wards. In the context of a measles outbreak in Sao Paulo in 1997, Machado et al. observed eight cases of measles in HCT recipients, which pushed them to implement a wide vaccination programme of the HCT population [START_REF] Machado | Measles in bone marrow transplant recipients during an outbreak in Sao Paulo, Brazil[END_REF]. Ge et al. reported an outbreak of 23 cases of measles in a paediatric oncohaematology department in Shanghai in 2015, with direct transmission of measles between at least 20 of the patients [START_REF] Ge | Measles Outbreak in Pediatric Hematology and Oncology Patients in Shanghai[END_REF].

Studies performed 15-30 years ago showed that three years after transplant, a significant proportion of allogeneic HCT recipients was seropositive for measles before any post-transplant measles vaccination; this occurs in roughly 40-60% of the cases, with a progressive decline of specific immunoglobulin G (IgG) concentrations seen over time. However, these data were mostly obtained in young HCT recipients mainly transplanted with HLA-identical donors and conditioned with myeloablative (MA) regimens [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Ljungman | Efficacy and safety of vaccination of marrow transplant recipients with a live attenuated measles, mumps, and rubella vaccine[END_REF][START_REF] Ljungman | Longterm immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF][START_REF] Lum | The detection of specific antibody formation to recall antigens after human bone marrow transplantation[END_REF][START_REF] Pauksen | Immunity to and immunization against measles, rubella and mumps in patients after autologous bone marrow transplantation[END_REF] . More recently, measles seropositivity averaged 20-45% in small cohorts of adults, including patients transplanted after reduced-intensity (RIC) or nonmyeloablative (NMA) conditioning regimens [START_REF] Aoki | Safety and Seropositivity after Live Attenuated Vaccine in Adult Patients Receiving Hematopoietic Stem Cell Transplantation[END_REF][START_REF] Kawamura | Evaluation of the immune status against measles, mumps, and rubella in adult allogeneic hematopoietic stem cell transplantation recipients[END_REF], and the seropositivity rate reached 60% in children [START_REF] Patel | Revaccination with measles, tetanus, poliovirus, Haemophilus influenzae type B, meningococcus C, and pneumococcus vaccines in children after hematopoietic stem cell transplantation[END_REF].

The recently published European Conference on Infections in Leukaemia (ECIL) guidelines for vaccination in HCT recipients [START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF] recommend assessing measles antibody titers starting from two years after HCT and to vaccinate only seronegative patients, here providing strict criteria to minimise both the risk of vaccine-induced measles -no graft-versus-host disease (GvHD), no immunosuppressive drugs, no relapse of the underlying disease -and the risk of inefficacy of a liveattenuated vaccine -no immunoglobulin administration since several months. In the case of an outbreak, patients can be vaccinated one year after HCT in the absence of high immunosuppression criteria. Previous Infectious Diseases Society of America (IDSA) guidelines have already recommended a similar strategy [START_REF] Rubin | IDSA clinical practice guideline for vaccination of the immunocompromised host[END_REF].

Although immunocompromised patients do not respond to vaccination as well as healthy individuals, allogeneic HCT recipients can respond to the measles-mumps-rubella (MMR) vaccine in 65-100% of the cases [START_REF] Machado | Measles in bone marrow transplant recipients during an outbreak in Sao Paulo, Brazil[END_REF][START_REF] Ljungman | Efficacy and safety of vaccination of marrow transplant recipients with a live attenuated measles, mumps, and rubella vaccine[END_REF][START_REF] Aoki | Safety and Seropositivity after Live Attenuated Vaccine in Adult Patients Receiving Hematopoietic Stem Cell Transplantation[END_REF][START_REF] Inaba | Longitudinal analysis of antibody response to immunization in paediatric survivors after allogeneic haematopoietic stem cell transplantation[END_REF][START_REF] Shah | Robust Vaccine Responses in Adult and Pediatric Cord Blood Transplantation Recipients Treated for Hematologic Malignancies[END_REF].

The objectives of the current study were to assess measles immunity before considering vaccination in a cohort of HCT survivors, including patients conditioned with RIC or NMA regimens, and to identify the factors associated with seropositivity/seroprotection.

METHODS AND PATIENTS

Patients

From September 2017 to February 2019, allogeneic HCT adult recipients who had not been vaccinated for measles since HCT were routinely screened for measles immunity at a transplant consultation. Clinical data were collected from the medical charts. The acute GvHD was graded according to Glucksberg classification [START_REF] Glucksberg | Clinical manifestations of graft-versus-host disease in human recipients of marrow from HLA-matched sibling donors[END_REF] and chronic GvHD according to NIH classification [START_REF] Jagasia | National Institutes of Health Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-versus-Host Disease: I. The 2014 Diagnosis and Staging Working Group report[END_REF].

Conditioning regimens were classified according to the EBMT-CIBMTR definitions [START_REF] Bacigalupo | Defining the intensity of conditioning regimens: working definitions[END_REF], and RIC and NMA were pooled. According to French Health Public Law (CSP Art L1121-1.1), this type of investigation does not require specific informed consent or ethics committee approval.

Seropositivity/seroprotection assessment and definition

Measles IgG titers were determined using an automated chemiluminescent immunoassay (CLIA) (Liaison Measles IgG Kit, Liaison XL analyser, Diasorin, Italy) and are expressed in quantified arbitrary units (UA/mL). The cut-off value of 15 UA/ml is equivalent to 175 mIU/mL, which is the WHO standard. According to the manufacturer's guidelines, titers between 13.5 and 16.5 UA/mL were considered indeterminate, while titers below 13.5 UA/mL define seronegativity and titers above 16.5 UA/mL define seropositivity/seroprotection. Titers over the limit of quantification of 300 were considered as expressing as > 300 UA/mL [START_REF] De Ory | Comparison of chemiluminescent immunoassay and ELISA for measles IgG and IgM[END_REF][START_REF] Haywood | Comparison of automated chemiluminescence immunoassays with capture enzyme immunoassays for the detection of measles and mumps IgM antibodies in serum[END_REF] .

Statistical methods

The qualitative variables were described as numbers (%) and compared using the chi-squared test or Fisher exact test, as appropriate. Quantitative variables were described as the median or mean (range) and compared using the Kruskal-Wallis test. The risk factors for seropositivity/seroprotection were analysed. ORs were estimated separately for factors yielding a P value < 0.20 in the univariate analysis by using logistic regression models. Variables yielding P values < 0.20 in the univariate analyses were considered for the multivariate analyses. P values ≤ 0.05 were considered significant.

All tests were two-tailed. All statistical analyses were performed using STATA Statistical Software V 12.0 (Stata Corporation, College Station, TX, USA).
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RESULTS

Characteristics of the patients

One hundred and twenty-six adult patients who were transplanted in our department a median of nine years ago (1-39 years) were included (Table 1). Briefly, the patients were transplanted from 1979-2017 at a median age of 43 years, mostly for acute leukaemia in complete remission. The median age at assessment was 54 years. Nine patients received two to four doses of rituximab between transplant and assessment at a median of 4.4 years (1.3-7.0) before assessment. No patient had been diagnosed with measles or had received a measles vaccination since transplant. None of them had received immunoglobulins during the prior six months.

Seropositivity/seroprotection rates

Overall, 78 of the 126 (62%) patients had IgG titers > 16.5 UA/mL and were considered seropositive.

Two patients had antibody titers in the grey zone between 13.5 and 16.5 UA/mL and were pooled with seronegative patients. The median IgG concentration in seropositive patients was 109.5 UA/mL (range: 16.5-300). The distribution of the IgG titers in the 78 seropositive patients is shown in Figure 1. Twenty-three of the 78 seropositive patients (29%) had IgG titers above 300 UA/mL. Comparing the seropositivity rates and the median measles Ab titers according to the time elapsed between HCT and assessment (< 5 years, 5-10 years, 10-20 years or > 20 years), we did not find any difference between groups (data not shown), However, the median measles IgG titers in patients who underwent allogeneic HCT more than 5 years ago was numerically lower (median 37.5 UA/mL) than those of patients who underwent allogeneic HCT less than 5 years ago (103 UA/mL) but the difference was not significant (p=0.06)(Figure 2).

Eighteen patients declared a past history of measles before transplant, 27 patients did not, and 81 patients did not remember. The median IgG concentration was higher in patients with a pretransplant history of measles (86.8 UA/mL) than in patients without (21.2 UA/mL) (p = 0.003).

Among the seropositive patients, the median IgG concentration was higher in the patients with a pretransplant history of measles (195 UA/mL) than in the patients without (49 UA/mL) (p < 0.001).

Twelve patients had been vaccinated with an MMR vaccine before transplant, 48 patients had not, and 66 patients did not remember. Patients who had been vaccinated (n = 12) tended to have lower measles IgG concentrations (median 20.8 UA/mL) than patients who had not (n = 48) (median 51.4 UA/mL) (p = 0.08). Among the seropositive patients, patients who had been vaccinated (n=7) had lower measles IgG concentrations (48 UA/mL) than the patients who had not (n= 34) (116 UA/mL) (p = 0.02).

Considering that the measles vaccine was introduced in the French vaccine agenda in 1982, we compared the seropositivity rates and IgG titers of the 21 patients born starting from 1982 to those of the 105 patients born before 1982. The rate of seropositivity was not different in patients born before or after 1982 (57% versus 63% respectively, p = 0.62), but the median measles IgG concentration in seropositive patients was higher in patients born before 1982 (136.5 UA/mL) than in patients born in 1982 or after (55.1 UA/mL) (p = 0.008).

Factors associated with seropositivity/seroprotection

The univariate analysis of the factors associated with measles seropositivity/seroprotection is shown in Table 2. Seropositive patients were older than seronegative patients, both at transplant and at the time of assessment. As for age, we first looked at the seropositivity rates and Ab titers according to the recipient age by decade. The number of patients per decade group was between 4 and 28 patients. We failed to find any difference between these groups. Therefore, age was split at the median for the OR calculation. Myeloproliferative disorders and the absence of GvHD at any time since HCT were significantly associated with seropositivity/seroprotection. HLA-identical donor, RIC/NMA regimen and relapse of the underlying disease between HCT and assessment tended to be associated with measles seropositivity.

In the multivariate analysis (Table 3), myeloproliferative disorders, RIC/ NMA and the absence of previous acute GvHD grade ≥ 2 were associated with seropositivity/seroprotection.

DISCUSSION

In a cohort of 126 allogeneic HCT recipients, 62% were seropositive/seroprotected to measles a median of nine years after transplant before any post-transplant MMR vaccination. This first finding encourages an assessment of measles serology according to the IDSA [START_REF] Tomblyn | Guidelines for Preventing Opportunistic Infections Among Hematopoietic Stem Cell Transplant Recipients: Recommendations of CDC, the Infectious Disease Society of America, and the American Society of Blood and Marrow Transplantation[END_REF] and ECIL guidelines [START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF] because our results indicate that only 38% of the patients would be potential candidates for MMR vaccination after allogeneic HCT, regardless of other criteria Previous studies have shown that in allogeneic HCT recipients, measles seropositivity/seroprotection rates can range from 20-67% (10-13, 15-17, 21), with decreasing titers of IgG antibodies over time [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Ljungman | Longterm immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF][START_REF] Aoki | Safety and Seropositivity after Live Attenuated Vaccine in Adult Patients Receiving Hematopoietic Stem Cell Transplantation[END_REF] especially during the first year after transplant [START_REF] Garrido | Early loss of immunity against measles following allogeneic hematopoietic stem cell transplantation[END_REF]. However, none of these prior studies have assessed patients for such a long time -up to 40 years -after transplant, as in our study.

Seropositivity before revaccination was shown to be associated with a lack of acute grade ≥ 2 GvHD [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Kawamura | Evaluation of the immune status against measles, mumps, and rubella in adult allogeneic hematopoietic stem cell transplantation recipients[END_REF]. Conflicting results have been published about the relationship between chronic GvHD and seropositivity [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Aoki | Safety and Seropositivity after Live Attenuated Vaccine in Adult Patients Receiving Hematopoietic Stem Cell Transplantation[END_REF]. It has been also shown that the probability of remaining seropositive for measles was higher in patients who got measles before transplant than in patients vaccinated before transplant, a finding that is consistent with higher antibody titers after natural infection than after vaccination types [START_REF] Machado | Measles in bone marrow transplant recipients during an outbreak in Sao Paulo, Brazil[END_REF][START_REF] Garrido | Early loss of immunity against measles following allogeneic hematopoietic stem cell transplantation[END_REF][START_REF] Ljungman | Efficacy and safety of vaccination of marrow transplant recipients with a live attenuated measles, mumps, and rubella vaccine[END_REF][START_REF] Ljungman | Longterm immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF][START_REF] Pauksen | Immunity to and immunization against measles, rubella and mumps in patients after autologous bone marrow transplantation[END_REF].

Our cohort mainly differs from previous series in terms of age, type of donors, conditioning regimens and time elapsed after transplant, hence providing key information on measles immunity in the current conditions of allogeneic HCT and with a long follow-up. As in previous studies, we found that GvHD, especially acute grade > 2 GvHD, had a negative impact on measles immunity. Additionally, we found that patients who had been transplanted with RIC or NMA conditioning had higher rates of seropositivity/seroprotection than patients transplanted with an MA regimen. In previous studies, Revised 1, clean, Jan. 26, 2020 10 conditioning was totally or mainly myeloablative [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Ljungman | Efficacy and safety of vaccination of marrow transplant recipients with a live attenuated measles, mumps, and rubella vaccine[END_REF][START_REF] Ljungman | Longterm immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF][START_REF] Lum | The detection of specific antibody formation to recall antigens after human bone marrow transplantation[END_REF][START_REF] Kawamura | Evaluation of the immune status against measles, mumps, and rubella in adult allogeneic hematopoietic stem cell transplantation recipients[END_REF], precluding the finding of any association between measles immunity and the type of conditioning. It should be noted that RIC and NMA conditioning are mainly proposed to older patients who have not been vaccinated during childhood but who mostly went through natural measles. Therefore, these patients were found to have pretransplant titers higher than the younger vaccinated patients [START_REF] Garrido | Early loss of immunity against measles following allogeneic hematopoietic stem cell transplantation[END_REF]. In our study, myeloproliferative disorders were also associated with seropositivity/seroprotection, perhaps because these patients did not usually receive chemotherapy before transplant. However, due to the small number of patients in this group (n= 16), this finding deserves to be confirmed on larger cohorts. Contrary to Ljungman et al. [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Ljungman | Longterm immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF], we did not find any association between age and seropositivity in the multivariate analysis, probably because of the association between age and conditioning. Finally, our study suggests considering two groups of measles seropositive HCT recipients with different antibody titer ranges: the first one with measles IgG concentrations in the low range of seropositivity between 16.5 and 100 UA/mL, who were mainly the younger patients and vaccinated before transplant, and the second one with antibody concentrations above 300 UA/mL, who were mainly older patients with natural pretransplant measles. The surprising issue in our whole cohort is a pretty high rate of protection before revaccination, suggesting an antibody production that persists despite transplant and that could be either from the recipient or from the donor, especially in the older patients who got measles during childhood and were transplanted with RIC/NMA regimens. The recently published position of the American Society for Transplantation and Cell Therapy (ASTCT) about measles prevention ( 28) is to recommend measles vaccination of HCT recipients from 24 months after transplant -and sometimes earlier in specific situationsirrespectively of measles antibody titers. This is in disagreement with the IDSA [START_REF] Rubin | IDSA clinical practice guideline for vaccination of the immunocompromised host[END_REF] and the ECIL 7 [START_REF] Cordonnier | Vaccination of haemopoietic stem cell transplant recipients: guidelines of the 2017 European Conference on Infections in Leukaemia (ECIL 7)[END_REF] guidelines which propose to vaccinate only seronegative patients in order to avoid the risk of a live-attenuated vaccine in patients whose immunity may not be fully repaired. The position of the ASTCT is based on several studies showing that the measles-specific antibody titers wane over time after transplant, and should be expected to be very low, and even zero, in long-term recipients, so that finally the vaccination will be necessary one day. These studies, however, included no, or very few patients more than 10 years after transplant, and did not include or did not mention RIC or NMA conditioning [START_REF] Ljungman | Measles immunity after allogeneic stem cell transplantation; influence of donor type, graft type, intensity of conditioning, and graft-versus host disease[END_REF][START_REF] Ljungman | Longterm immunity to measles, mumps, and rubella after allogeneic bone marrow transplantation[END_REF][START_REF] Aoki | Safety and Seropositivity after Live Attenuated Vaccine in Adult Patients Receiving Hematopoietic Stem Cell Transplantation[END_REF]. Our study shows that more than 20 years after transplant, 67% of the patients are seroprotected against measles. Although the risk of vaccine-induced measles is likely extremely low in patients transplanted years before and off any immunosuppressant, at least checking the serology should be necessary for patients who still receive low-dose immunosuppression or have persistent symptoms of chronic GvHD. Further studies are needed to support one or the other strategy: universal vaccination irrespectively of measles serology, or vaccination only for seronegative patients.

We recognise the limits of our study: First, it is a monocentric study. However, because every patient was followed in our department, this led to robust, exhaustive and long-term data. Second, we did not use the functional plaque reduction neutralisation test (PRNT), which measures neutralising antibodies and is the gold standard for evaluating measles humoral immunity. However, this test lacks standardisation and automation and is not available in routine laboratories. Moreover, several studies have shown the excellent sensitivity and specificity of the ELISA and CLIA assays and their good correlation with the PRNT tests [START_REF] De Ory | Comparison of chemiluminescent immunoassay and ELISA for measles IgG and IgM[END_REF]. Detection of measles IgG in serum is therefore widely used as evidence of immunity [START_REF] De Ory | Comparison of chemiluminescent immunoassay and ELISA for measles IgG and IgM[END_REF][START_REF] Tischer | Standardization of measles, mumps and rubella assays to enable comparisons of seroprevalence data across 21 European countries and Australia[END_REF] . Third, the antibody assessment was performed only once and at different times after transplant for different patients, which precludes any individual assessment of the kinetics of IgG. However, assessing the measles serologic status on an individual basis is a real-life concern when deciding whether to administer MMR vaccination. Fourth, we did not get the measles history, serological status and vaccine status of the donor, which may have had an impact on the long-term seroprotection/seropositivity of the recipient. Finally, we were unable to obtain exhaustive data about previous MMR vaccinations and pretransplant measles of our cohort. This is easily explained by the median age of our patients (54 years), with patients sometimes being as old as 79 years and who may have forgotten such benign events of childhood after a malignant disease. We tried to overcome this issue by looking at the seroprotection rates and IgG titers according to the Vaccine coverage of children in France was 32% only in 1985 and 80% in 1994, with a great variation according to the areas. Since that time, the vaccine coverage has followed a plateau, never going over 85% [START_REF] Guthmann | Mesure de la couverture vaccinale en France[END_REF][START_REF] Fischer | Rapport sur la vaccination-Comité d'orientation de la concertation citoyenne sur la vaccination[END_REF]. However, Créteil, which is in the Paris area, is among the better covered areas, and this suggests that most of the patients we transplanted and were born from 1982 and after were vaccinated. This is, however, a rough estimation.

CONCLUSION

Sixty-two percent of allogeneic HCT patients were seropositive/seroprotected for measles at a median of nine years after HCT and before receiving a new vaccination. The only factors strongly associated with seropositivity/seroprotection were myeloproliferative disorders, RIC or NMA conditioning and the absence of previous acute GvHD grade ≥ 2. In patients without chronic GvHD, who are candidates for MMR vaccination starting from two years after transplant, the immune status to measles is mostly unpredictable. Therefore, a systematic assessment of antimeasles Ab titers is warranted even decades after transplant when the patient has not been revaccinated, as recommended in the IDSA and ECIL guidelines for avoiding unnecessary vaccinations in immunised patients and to protect at-risk patients. 
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Figure 1 :

 1 Figure 1: Distribution of serum measles IgG titers (UA/mL)

Table 1 : Characteristic of the 126 patients assessed for measles seropositivity after allogeneic HCT

 1 

	Age at transplant, median (extrems), years

*The seven patients with non-malignant diseases were pooled with patients in complete remission

Table 2 : Univariate analysis of the factors associated with measles seropositivity after allogeneic HCT

 2 

	Seropositive patients	Seronegative patients	p	OR [CI95%] a	p
	(n=78)	(n=48)			

a Odd Ratio [Confidence Interval 95%] b cut-off of 43 years (median) c cut-off of 56 years (median) d The 7 patients with non-malignant disease were pooled with complete remission patients

Table 3 : Multivariate analysis of the factors associated with measles seropositivity after allogeneic HCT OR p

 3 Distribution of serum measles immunoglobulin G titers (UA/mL)

	Haematological disease		
	Acute leukaemia or myelodysplastic syndrome	1	
	Lymphoproliferative disorder	1.28 [0.43-3.83]	0.66
	Myeloproliferative disorder	5.56 [1.13-27.27]	0.04
	Non-malignant disease	1.00 [0.18-5.67]	1.00
	Reduced-intensity or nonmyeloablative conditioning	2.92 [1.28-6.66]	0.01
	Absence of previous acute GvHD grade ≥2	2.79 [1.25-6.27]	0.01
	Absence of previous extensive chronic GvHD	2.03 [0.81-5.11]	0.13

Legend of figure 2 : Measles antibody titers according to the time elapsed between HCT and assessment (Box plot showing IQ25 and IQ75, median (line), mean (cross), different values (points) and standard deviation (error bar)).
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