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Abstract  

Background and Objective: Since there are very few studies on the immunodeficiency state of the Iranian 
survivors of pediatric acute lymphoblastic leukemia (ALL), we conducted this study to determine the prevalence 
of humoral defects in children with ALL at least one year after completion of chemotherapy. 

Methods: In this study, antibody titers for mumps, rubeola, rubella, tetanus and diphtheria toxoids, pertussis 
and poliovirus were measured in 28 survivor of childhood ALL and 29 normal children. Also, immunoglobulins 
titers for all participants were evaluated.  

Results: In spite of normal serum immunoglobulin levels in all participants, the percentage of children with 
ALL who had protective titers was markedly lower than that anticipated for immunized controls (p<0.001). The 
rate of protective titers for mumps, rubeola, rubella, tetanus and diphtheria toxoids, pertussis and poliovirus 
were 7.1, 50, 25, 35.7, 10.7, 21.4, and 10.7 percent in patients and 93.1, 93.1, 100, 96.6, 86.2, 82.8, and 100 
percent in controls, respectively. 

Conclusion: The prevalence of humoral immune defects was high among the survivors of pediatric ALL. It 
appears that these survivors are at risk of developing these bacterial and viral infections and therefore have to be 
re-vaccinated as required. 
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Introduction 
 Acute lymphoblastic leukemia (ALL) is the 

most common malignancy among children, ac-
counting for more than 35% of them (1). Consid-
ering the therapeutic advances in recent years, 
approximately 80% of children with ALL would 
stay in the first remission for 5 years or more af-
ter diagnosis. Infections are the most significant 
cause of morbidity and mortality during the 
treatment and convalescent phases of the disease. 
Resolution of any immune defect in children who 
are disease-free occurs within 6 months to 1 year 
(2). After that period, the risk of infectious com-
plications is thought to be equal to that of the 
general population (2). However, the long-term 
risk of serious infections is unknown (2). There 
are several studies on the immune status of chil-
dren with acute leukemia. Studies in children 
with ALL have shown that after chemotherapy, 

both humoral and cellular immune responses are 
depressed and the rate of recovery varies based 
on individual protocols (2-18). In addition, anti-
body responses to prior immunizations may be 
negatively affected. Also, there is a CDC guide-
line for revaccination of these patients (3,4,16). 
However, very few studies have evaluated immu-
nodeficiency in Iranian survivors of pediatric 
ALL (12). On the other hand, the CDC guideline 
was not implemented for these survivors in our 
center before starting the study and serious dis-
eases due to these specific viral/bacterial infec-
tions were never reported.  

Therefore, the aims of this study were to de-
termine the prevalence of defective humoral re-
sponses to common bacterial and viral vaccines 
in a cohort of survivors of ALL and to compare 
the results with the data of the control subjects as 
a normal population in Iran. 
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Methods 
We performed a file review on children with 

precursor T- or precursor B-cell ALL who had 
been identified, treated and observed at Ali-
Asghar Children’s Hospital in Tehran. A multipa-
rameter flow cytometric analysis was used to 
classify these patients for phenotyping. The chil-
dren had been treated with either the modified 
BFM (for B-cell ALL), the NY1 (for T-cell ALL) 
and interfant-99 (for infant ALL) protocols. The 
patients were included in the study if their treat-
ment were completed at least 1 year before enter-
ing the study and were considered to be clinically 
in remission. Exclusion criteria were: 1) Children 
with known primary or secondary immunodefi-
ciency, and 2) any child who was known not to 
be up-to-date with their immunizations at the 
time of diagnosis. After approval of the project 
by the Oncopathology Research Center and the 
Ethics Committee of Tehran University of Medi-
cal Sciences, the study was started. 

On clinical evaluation, the history of immun-
izations and serious infections was obtained. The 
dates of birth, ALL diagnosis, and completion of 
chemotherapy and the genotype and phenotype of 
the ALL were also recorded. All immunizations 
that were given to each child before, during, and 
after the diagnosis of ALL were also document-
ed. 

 
Humoral Immunity Evaluation: Antibody titers 

for mumps, rubeola, rubella, tetanus toxoid, diph-
theria toxoid, and pertussis were measured with 
enzyme-linked immunosorbent assay (ELIZA) 
technique using Ridascreen® of R-biopharm 
company and antibody against all types of polio 
(1,2 and 3) were measured with the DEMEDI-
TEC Polio Antibody ELIZA Test Kit in one 
commercial reference laboratory.  

The humoral response to each vaccine was 
classified as: protective (when the level of the 
specific antibody to the given microbial agent 
was equal or greater than the reference value) or 
non-protective (when the level of the specific 
antibody to the given microbial agent was less 
than the reference values or when the level was 
reported to be indeterminate). 

None of our patients described an increased in-
cidence of unusual or serious infections. Of 
course, every patient with low CD20 level in the 
end of therapy received IVIg (5gr) at once. Also, 
all enrolled patients received monthly IVIg (2.5-5 
gr) in fall and winter during the therapy.  

As for the control group, 29 healthy children 

were selected from among those who referred to 
the laboratory center; they were examined for 
suspected immunodeficiency and were found to 
have normal quantities of immunoglobulins. 
Moreover, their past medical history was not con-
sistent with an immune defect considering the 
similar age range as our ALL study population. 
Also, they had received appropriate immunized 
immunization. Titer measurement was performed 
with the same protocols in one laboratory for 
both groups.  

 
Statistical procedures: The frequency of pro-

tective titers in the study groups was reported as 
count and percent. Antibodies titers were summa-
rized as geometric mean and 95% confidence 
interval. The categorical variables were analyzed 
with Chi-square or Fischer’s exact tests and con-
tinuous variables were analyzed with t-test. Due 
to skewed distribution of antibodies titers, loga-
rithmic transformation was applied. Considering 
the limited number of the patients with protective 
titers, the Mann-Whitney test was used to com-
pare continuous variables between patients with 
or without the protective titers of routine vac-
cines. P values less than 0.05 were considered 
significant.  

 
Results  
Twenty eight children were treated at the time 

of initial diagnosis of ALL; 17 children with pre-
cursor B-cell type were treated with the conven-
tional BFM protocol, and 6 others with the same 
type were treated with the BFM-IC 2002 proto-
col. Two children with T-cell ALL were treated 
with the NY1 protocol. Two infant patients were 
treated using the CCG protocol for infant ALL 
while the interfant-99 protocol was used to treat 
others. Thirteen percent of the children were 
younger than 2 years and 20% were older than 6 
years at the time of diagnosis. The chemotherapy 
regimen lasted for a mean of 3 years (95% CI, 
2.5-3.5). The median interval time between the 
end of chemotherapy and the assessment of anti-
body titer was 14 months (12-74). 

Antibody titers to the seven mentioned diseas-
es were measured for all enrolled patients.  Table 
1 shows qualitative comparison of protective fre-
quencies against common vaccine-preventable 
infectious diseases between cases and controls. 
Table 2 shows quantitative comparison of cases 
and controls for serum IgG levels of routine vac-
cines as the geometric mean and 95% CI for each 
vaccine. The percent of children with ALL with 
protective titers ranged from 7.1% to 50% which 
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was markedly lower than the percentage of im-
munized controls (range, 82.8-100%) anticipated 
after complete vaccination. Of 28 children who 
had titers drawn to 7 different vaccines, many had 
multiple non-protective responses to vaccines. 
Most of these children (62%) had 2 or more non-
protective titers. 

We compared age at ALL onset between chil-
dren with protective versus non-protective titers 
to each of the 7 agents. The mean age at the time 
of diagnosis was about 3.9 years (95% CI, 3.0-4.7 
years). Among these vaccines, only a protective 
level of pertussis antibody was significantly asso-
ciated with older age at diagnosis (Table 3). This 
association was not seen for the remaining 6 vac-
cines. 

Also, we compared age at the time of titer 
analysis with protective versus non-protective 
titer to any of the 7 agents. The mean age of all 
enrolled patients at the time of titer assessment 
was 8.6 years (95% CI, 7.5-9.7 years). Similarly, 
only the protective level of pertussis showed a 
significant correlation with age at the time of titer 
analysis (Table 3). However, for all other titers, 
age at the time of titer assessment was not corre-
lated with a protective titer. Thus, only for per-
tussis, older children with ALL were significantly 
more likely to maintain protective antibody re-
sponses than younger children. 

Comparison of the number of months after 
completion of chemotherapy and titer results for 
these patients showed that only protective re-
sponse of pertussis had a significant correlation 
with the period between completion of chemo-

therapy and time of titer analysis (Table 3). Thus, 
if the time interval between the end of chemo-
therapy and titer analysis of pertussis was more 
prolonged, the number of cases with a protective 
titer against pertussis was increased.   

 
Discussion  
Similar to previous studies, this study indicated 

that a large number of these children persistently 
failed to maintain protective antibody responses 
to viral or bacterial vaccines or both. The im-
portant point was that protective antibody re-
sponses to all seven vaccines were markedly de-
creased in all enrolled patients as compared to 
controls. Brodtman and his colleagues reported 
the same finding in their study on 100 children 
with ALL one year after completion of chemo-
therapy. They also found that the chemotherapy 
protocol used did not affect the ability of these 
children to express protective antibody responses 
(2). In addition, T-, B-, and NK-cell numbers and 
proliferative responses to mitogens were all nor-
mal (2). Tilburg et al. published a systematic re-
view and reported significant decreased protec-
tive antibody and vaccine responses in survivors 
of ALL therapy (19). However, most patients 
responded to re-vaccination and they suggested 
that T-memory cells were preserved in spite of 
prolonged chemotherapy (8, 19). In another study 
on patients treated for ALL, Calaminus et al. no-
tified increased positive skin test responses with-
out significant increasing antibody titers follow-
ing re-vaccination. Moreover, adequate responses 
were observed to diphtheria and tetanus boosters 

Table1. Comparison of protective frequencies against common vaccine-preventable infectious diseases between case and 
control groups.  
 Case (n=28) Control (n=29) p value 
Tetanus 10 (35.7%) 28 (96.6%) <0.001 
Diphtheria 3 (10.7%) 25 (86.2%) <0.001 
Pertussis 6 (21.4%) 24 (82.8%) <0.001 
Polio  3(10.7%) 29 (100%) <0.001 
Rubella 7 (25%) 29 (100%) <0.001 
Measles 14 (50%) 27 (93.1%) <0.001 
Mumps 2 (7.1%) 27 (93.1%) <0.001 

 
Table 2. Quantitative comparison between case and control subjects for serum IgG level of the routines vaccines. 
Vaccine Geometric mean 95% confidence interval of the difference of means p value 

Lower Upper 
Tetanus 0.33 0.21 0.54 <0.001 
Diphtheria 0.21 0.11 0.39 <0.001 
Pertussis 0.44 0.31 0.61 <0.001 
Polio 0.03 0.02 0.04 <0.001 
Rubella 0.02 0.01 0.05 <0.001 
Measles 0.39 0.21 0.72 <0.001 
Mumps 0.07 0.03 0.14 <0.001 
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given during maintenance therapy (7,10,20). In 
addition, demonstration of serologic responses to 
hepatitis B vaccines given during maintenance 
therapy was reported (7). These findings also 
suggested that cellular immunity might be nor-
mal, although the absence of detectable antibod-
ies to routine vaccines were not detectable. The 
frequent finding of non-protective antibody titers 
among patients treated for ALL indicates that 
children with ALL are more likely to be at risk of 
serious infections after the end of chemotherapy.  

Although we did not have any data on the pro-
file of antibody responses to routine vaccines be-
fore starting chemotherapy, it appears that our 
results could not be affected by this defect for 
several reasons: 1) Almost all control subjects 
developed protective titers to routine vaccines; 2) 
About 95% of all enrolled patients received the 
first booster dose of all studied vaccines before 
starting chemotherapy while only 20% of them 
received the second booster doses. Therefore, it 
can be assumed that most of the enrolled subjects 
had protective titers to these infections.  

There was no significant correlation between 
the ability of these affected children to maintain 
protective antibody responses to routine vaccina-
tion (except pertussis) and the age at the time of 
diagnosis and age at the time of titer assessment. 
Also, the comparison between this ability and the 
time interval of titer assessment from the end of 
chemotherapy was only significant for pertussis. 
This may suggest that children who are older at 
the time of ALL diagnosis and at their titer as-
sessment are more likely to express protective 
antibody titers than younger children. Further-
more, a longer period between the end of chemo-
therapy and the first titer analysis was only asso-
ciated with the ability of these children to express 
protective antibodies for pertussis. Considering 
the contact with community acquired pertussis 
infection, we assumed that this finding was a bias 
in this study; however, another study with more 
statistical power may be need to have statistically 
significant results for other considered infections 
(2).  

Different studies have proposed different ex-
planations for the humoral deficit in including the 
existence of T-cell abnormalities before therapy 
and its persistency long after treatment comple-
tion. Furthermore, abnormalities in cell-mediated 
immunity can exist at the time of diagnosis in 
children with cancer. However, most children 
with malignancy have a normal T-cell count and 
it appears that immune function is generally nor-
mal at presentation (2). 

There is a major question regarding the low 
frequency of acquiring severe life-threatening 
infection as a consequence of this humoral defect 
among the survivors of childhood ALL. One 
main reason can be short-interval monitoring of 
these children and early treatment of any suspect-
ed infection by pediatricians and/or hematolo-
gists/oncologists. Another reason may be mainte-
nance of herd immunity in response to routine 
vaccination schedules in spite of non-protective 
titers to these infections. Furthermore, IVIg, as 
prophylaxis, was given to all patients for possible 
serious infections. Thus, it is probable that IVIg 
prophylaxis prevented the development of serious 
infections in these children.  

There were no reports about developing con-
sidered infections in this study among all enrolled 
survivors. Therefore, routine re-vaccination of all 
survivors of pediatric ALL may be questionable. 
According to a report from Winick, routine as-
sessment of antibody titers before re-vaccination 
may not be warranted given the associated cost, 
requirement for an additional visit and needle 
stick, absence of serologic correlates of protec-
tion for some vaccines (e.g., pertussis), and diffi-
culty of having some antibody levels measured 
(e.g., polio) (13). Chisholm et al. recommended 
boosters against diphtheria, tetanus, pertussis, 
polio, H. influenzae, hepatitis B, measles, 
mumps, rubella, and pneumococcus after the 
completion of therapy for all patients in the UK 
(5,13). Those treated with chemotherapy are vac-
cinated at least 6 months after the completion of 
therapy which is similar to the last CDC guide-
line for re-vaccination of patients with cancer 

 
Table 3. Correlation of children’s age, interval between end of therapy and study enrollment and titer results of pertussis. 

 Non-protective titer 
n (22) 

Protective titer 
n (6) 

 
p value 

Median (min-max) Median (min-max) 
Age (yr) at diagnosis 3 (0.6-8) 6.5 (4.5-8) 0.01 
Age (yr) at the time of the study 8 (5-17) 11.5 (7-23) 0.005 
Time interval (mo) between the end of 
chemotherapy and titer analysis 

14 (12-27) 50.5 (41-74) 0.008 
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after ending chemotherapy (15, 16). However, 
this guideline may not be suitable for high risk 
group of childhood ALL (6, 18).  

Our study should alert pediatricians and hema-
tologist/ oncologists to examine the humoral im-
mune function 1 year after successful completion 
of chemotherapy in children with ALL. Brodtman 
et al. reported fluctuations in protective antibody 
titers of 100 children with ALL enrolled in their 
study after repeated re-vaccination. They showed 
that children who demonstrated deficient re-
sponses to common pediatric vaccines should be 
re-evaluated, and re-vaccinated when indicated, 
to ensure that these children maintained protec-
tive antibody responses. They suggested that a 
limited course of IVIg replacement, followed by 
re-evaluation of children’s antibody responses 
should be considered in children who persistently 
show multiple non-protective titers (2).  

Considering the very low prevalence and inci-
dence of these infections which are routinely pre-
vented through the national vaccination program, 
we suggest that revaccination be performed in 
cases with a deficient response to common pedi-
atric vaccines. However, larger studies with more 
statistical power are required to further evaluate 
this recommendation. Until then, it appears that 
these survivors are at risk of developing these 
bacterial and viral infections and therefore have 
to be re-vaccinated, as required.  
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