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Antibody responses to Hepatitis B and measles-mumps-rubella vaccines in children who 
received chemotherapy for acute lymphoblastic leukemia

Introduction

Acute Lymphoblastic Leukemia (ALL) is the most common malignant disease 
in children; a high risk of occurrence has been reported in many locations. The more 
intensive treatment and risk stratification adopted over the last decade have resulted in 
an improvement in the survival rate, which, in many cases, reaches 90%. Both the illness 
and treatment affect the immune system. Immune competence decreases not only due to 
chemotherapy-induced neutropenia, but also due to the reduction of serum antibody titers 
gained from previous immunizations. Moreover, the efficacy of the immunization strategies 
employed is questionable(1-3). New data are required to be able to draw up evidence-based 
recommendations that will ensure adequate protection against infectious diseases in such 
high-risk children(4).

The role of the revaccination of children who receive chemotherapy for malignant 
illnesses is still controversial(5,6). There are very few data from controlled trials regarding 
the residual immunization status against vaccine antigens after cessation of chemotherapy 
in children with ALL and about the capacity of these patients to respond to vaccine booster 
doses; thus consensual guidelines have not been developed so far. Different strategies have 
been adopted in different countries(6) and so the best vaccine scheme has not been conclusively 
demonstrated as of yet(7). Some recommendations, in general derived from studies with low 
levels of evidence, are not always followed by clinical oncologists(8).

A pilot study conducted in a country with a low-risk profile suggested a single booster 
dose should be applied six months after concluding chemotherapy(9), but other authors 
recommend re-starting the vaccination protocol from the beginning three months after the 
end of treatment, followed by subsequent booster doses(10). This study aimed to evaluate the 
antibody levels associated to potential protection against viral vaccine antigens to the hepatitis 
B and measles-mumps-rubella (MMR) vaccines in children treated for ALL after cessation of 
chemotherapy and after the application of a booster dose.

 
Methods

A case-control study was conducted from June 2007 to June 2009 in the only 
government pediatric oncology clinic in Aracaju, the capital and main city of the state of 
Sergipe, located in the northeastern region of Brazil. This study only enrolled participants 
who had completed the basic vaccination program according to the Brazilian vaccination 
program, which includes three doses for hepatitis B (at birth, and in the first and sixth 
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months) and two doses of the triple viral vaccine against mumps, 
measles and rubella, given at the end of the first and fourth years 
of life. The immunization data of all participants was verified on 
their vaccination cards, a document that is compulsory for all 
children in Brazil. This project was approved by the Research 
Ethics Committee of the Universidade Federal de Sergipe (UFS 
- #0049.0.107.000-07).

Case Group

Thirty-three over 15-month-old children treated for ALL 
were enrolled in this study after cessation of chemotherapy 
according to the current Brazilian protocol (Grupo Brasileiro de 
Tratamento de Leucemia da Infância - GBTLI – 1999(11) which 
is similar to the main protocols applied in Europe and North 
America(12)), after remission confirmed by a bone marrow exam, 
at least four weeks from treatment withdrawal and after complete 
neutrophil recovery. Patients did not receive any additional 
vaccine doses after diagnosis of the disease. A convenience 
sample of thirty-three patients was eligible for the study.

Baseline serologic antibody titers were collected after a 
minimum period of four weeks from the end of the treatment. Then, 
booster doses of the MMR and hepatitis B vaccines were applied and 
after another period of four weeks the serologic tests were repeated.

Control Group

Thirty-three healthy children among the siblings of patients 
matched to cases by age and gender were selected. The same 
exams were performed at the moment of inclusion in the study.

 
Serology

All antibody levels were measured using the ELISA method.  
The following cut-off points according to the manufacturer’s 

instructions on commercial kits (Enzygnost®, Dade-Behring) 
were considered:

• hepatitis B: 10 IU/mL 
• rubella: 15 IU/mL 

• measles: 1.10 IU/mL 
• mumps: 1.10 IU/mL

For analysis, ‘protected’ individuals were those with 
antibody titers equal to or above these cut-off points and 
‘unprotected’ those with titers below these values.

Statistical analysis

Fisher’s exact test, Mann-Whitney test and the paired t-test 
were used to compare groups (cases versus controls) and to 
compare variables within the case group before and after vaccine 
booster doses. The two-tailed type I significance level was set for 
a p-value < 0.05. 

Results

A total of sixty-six children were recruited to the study 
(33 cases and 33 controls) with a mean age of 10.31 years 
old and 69.7% (n = 46) were male. There were no significant 
differences between the characteristic of the two groups. 
Seventeen (51.5%) of the Case Group were stratified as 
standard risk according to clinical and immunophenotypic 
criteria. The mean age at diagnosis was 5.75 years (± 3.23 
years) and at the time of the first serologic tests the mean age 
was 10.31 years (± 3.59 years). The mean time that elapsed 
between the end of treatment and the first sample collection 
was 15.41 months (± 17.2 months) and between first and the 
second tests, 5.34 months (± 5.83 months). 

When the individuals who had finished treatment but 
had not received the booster doses were compared with the 
Control Group, there was a smaller number of potentially 
protected individuals against all diseases, but the difference 
was statistically significant for rubella (p-value > 0.001), 
measles (p-value = 0.010) and hepatitis B (p-value = 0.035) as 
shown in Table 1. This difference virtually disappeared after 
the patients had received booster doses, except for the rubella 
antigen (p-value = 0.006). 

There was an overall increase, albeit not statistically 
significant, in antibody titers against rubella, measles, mumps, and 

Table 1 - Acute lymphoblastic leukemia patients after cessation of chemotherapy (cases), before and after vaccine booster 
doses and controls with protective and non-protective antibody levels against viral vaccine antigens

Cases Controls
Before booster doses After booster doses

p1* Unprotected
n (%)

Protected
n (%) p2* p3*Unprotected

n (%)
Protected

n (%)
Unprotected

n (%)
Protected

n (%)
Aha 16 (59.3) 11 (40.7) 6 (18.8) 26 (81.2) 0.001 10 (31.3) 22 (68.8) 0.035 0.193
Mea 22 (75.9) 7 (24.1) 17 (51.5) 16 (48.5) 0.042 14 (42.4) 19 (57.6) 0.010 0.311
Rua 15 (51.7) 14 (48.3) 11 (33.3) 22 (66.7) 0.113 2 (6.1) 31 (93.9) 0.001 0.005

Mum 19 (67.9) 9 (32.1) 16 (48.5) 17 (51.5) 0.102 19 (57.6) 14 (42.4) 0.341 0.311

Aha = anti-hepatitis B antibodies; Mea = anti-measles antibodies; Rua = anti-rubella antibodies; Mum = anti-mumps antibodies; ‘protected’ 
= antibody titer was equal to or above the cut-off point; ‘unprotected’ = antibody titer was under the cut-off point; *Fisher’s exact test; p1 = 
p-value of cases before booster versus after booster doses, p2 = p-value comparing cases before booster doses versus controls; p3 = p-value 
comparing cases after booster doses versus controls
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Table 2 - Comparison between protected and unprotected acute lymphoblastic leukemia patients according to the mean time (in months) from the end of
chemotherapy to vaccine booster doses

Before booster doses After booster doses
Unprotected Protected

p-value*
Unprotected Protected

p-value*
M SD R M SD R M SD R M SD R

Aha 15.62 18.73 2-66 12.81 11.31 1-32 0.842 2.33 1.03 1-3 6.36 6.36 1-19 0.678
Mea 18.45 18.47 1-66 5.85 6.76 1-18 0.045 6.78 6.07 1-17 4.0 5.45 1-19 0.056
Rua 20.73 19.22 2-66 9.71 13.10 1-48 0.025 2.77 2.53 1-9 6.5 6.50 1-19 0.451

Mum 19.26 19.07 1-66 8.77 10.49 1-32 0.097 6.85 6.58 1-19 3.93 4.83 1-16 0.125

Aha = anti-hepatitis B antibodies; Mea = anti-measles antibodies; Rua = anti-rubella antibodies; Mum = anti-mumps antibodies; M = mean; SD = standard deviation; R = range; *paired t-test

Table 3 - Acute lymphoblastic leukemia risk categories and protected and unprotected groups before and after vaccine booster doses

Before booster doses After booster doses
High risk Low risk

p-value*
High risk Low risk

p-value*Unprotected
n (%)

Protected
n (%)

Unprotected
n (%)

Protected
n (%)

Unprotected
n (%)

Protected
n (%)

Unprotected
n (%)

Protected
n (%)

Aha   6 (42.9) 8 (57.1) 10 (7.9) 3 (23.1) 0.078   4 (25.0) 12 (75.0) 2 (12.5) 14 (87.5) 0.326
Mea 13 (92.9) 1   (7.1)   9 (60.0) 6 (40.0) 0.049 11 (68.8)   5 (31.3) 6 (35.3) 11 (64.7) 0.057
Rua   8 (57.1) 6 (42.9)   7 (46.7) 8 (53.3) 0.424   6 (37.5) 10 (62.5) 5 (29.4) 12 (70.6) 0.450

Mum   9 (64.3) 5 (35.7) 10 (71.4) 4 (28.6) 0.5   10 (62.5)   6 (37.5) 6 (35.3) 11 (64.7) 0.112

Aha = anti-hepatitis B antibodies; Mea = anti-measles antibodies; Rua = anti-rubella antibodies; Mum = anti-mumps antibodies; *Fischer’s exact test

hepatitis B in the Case Group after vaccine booster doses (Table 
1). After the application of booster doses in the Case Group, there 
was a increase in the rate of individuals with potential protection 
against rubella, mumps, measles and hepatitis B, which was 
statistically significant for measles (p-value = 0.042) and hepatitis 
B (p-value = 0.001 – Table 2). 

The time between the end of treatment and the first evaluation 
of antibodies was not different for individuals with or without 
protective antibody titers for hepatitis B and mumps. However, 
75.9% and 51.7% of patients remained susceptible for measles 
and rubella for more than 18 months, respectively (measles: 
18.45 months, p-value = 0.045; rubella: 20.73 months, p-value 
= 0.025). The time between the first and the second antigen tests 
did not influenced the level of protection against rubella, measles, 
mumps and hepatitis B (Table 3).

After the end of the treatment, 92.9% of the patients stratified 
and treated as high-risk were susceptible to measles (p-value 
= 0.049). There was no significant difference in antibody titers 
between the risk groups after booster doses. Protective levels 
for rubella, mumps and hepatitis B were not different between 
genders and in relation to mean age at diagnosis (data not shown).

 
Discussion

The peak incidence of ALL at two to five years of age(13) 
corresponds to the age range in which Brazilian children should 
have already received the basic vaccinations responsible for 
the formation of immunological memory. When undergoing 
chemotherapy, children with ALL are prone to lose the antibody 
protection previously acquired by vaccination. The reasons for 
this loss, although not fully understood, seem to be related to the 
intensity of treatment, individual sensitivity to chemotherapy 
and time interval required for the recovery of B lymphocytes(14).

Previous studies indicate that the number of individuals 
susceptible to measles at the end of leukemia treatment ranged 
from 25 to 71%(7,8,14,15) and that their antibody titers against viral 
vaccine antigens were significantly lower compared to the healthy 
population(6). In another study, measles serology was available for 
77 children; 45 (58%) were seronegative(16). In this study, 75.9% 
of patients were potentially susceptible to measles at the end of 
treatment, a proportion significantly lower than in the Control 
Group. After the booster dose, the proportions in the Case and 
Control Groups were similar. This is comparable to the results of 
a previous study(7) that suggested that the immune memory was 
preserved and could be stimulated with a vaccine booster dose. 
This response was found for hepatitis B, both in the present study 
and in a previous one(14), but differs from the results obtained 
by Fioredda et al.(17). In 2005 this group found protective levels 
of antibodies against hepatitis B in 84% and 80% of patients, 
respectively six and twelve months after the end of chemotherapy. 
In a recent study it was observed that 67% of patients who had 
received routine immunization, continued protected despite 
immunosuppressant therapy(18). It seems that the age of older 
patients (as in the present and in a previous study(14)) may hamper 
the immune reconstitution by the stimulation of memory cells 
with the vaccine booster dose, thereby justifying the results(17). In 
another study(19), the proportion of patients who were potentially 
unprotected against hepatitis B at the end of treatment did not 
change significantly after the booster vaccination; the proportion 
remained higher than in healthy individuals(20) different of what 
was observed in this study.

Data about rubella and mumps are different: it was observed 
that for both vaccines the proportion of patients at treatment 
whose serum antibodies were not protective was not significantly 
modified by the booster vaccination. However, with respect to 
mumps, the proportion of individuals potentially unprotected 
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hematological recovery, was used and there was no difference in 
the mean of this range on comparing the groups with and without 
protective titers for any of the four vaccine antigens.

At the end of chemotherapy for ALL, the administration of 
MMR and hepatitis B vaccine booster doses is recommendable 
after hematologic recovery, followed by an evaluation of vaccine 
antibody titers for subsequent individualized interventions.
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