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Abstra

Objective: The survival rates of children with acute lymphoblastic leukemia (ALL) have

i e years, but infections remain a significant cause of morbidity and mortality.
apy has a range of harmful side effects including the loss of protective antibodies

diatrics, Division of Pediatric

erials and Methods: Children treated and followed up for ALL at Dokuz Eyliil
iversity were included in this retrospective cross-sectional study. Antibody levels against
epatitis A, hepatitis B, and rubella were routinely assessed both at the time of diagnosis and
six months after completion of chemotherapy. However, measles, mumps, and varicella
antibody levels were evaluated just six months after the treatment.
Results: Seventy-eight children who completed chemotherapy for ALL were recruited. All
participants had nonprotective antibody levels for at least one of the diseases. The highest
seropositivity rate was found for hepatitis A (55.1%) and the lowest for measles (17.9%) after



chemotherapy. Overall, 50.7%, 30.6%, and 45.7% of the patients significantly lost their
humoral immunity against hepatitis B, hepatitis A, and rubella, respectively. Patients in the
higher-risk group for ALL had a lower seropositivity rate than the other risk group patients.
There were statistically significant relations between the protective antibody rates of hepatitis
A and varicella and the age of the patients. Except for the hepatitis A vaccination, pre-
chemotherapy vaccination did not affect post-chemotherapy serology. On the other hand, all
children with a history of varicella before the diagnosis showed immunity after chemotherapy.
Conclusion: All patients, including those previously fully vaccinated, are at great risk of
infection due to the decrease in protective antibody levels after chemotherapy. There is a

for routine post-chemotherapy serologic testing and re-vaccination based on the results
obtained.
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Oz
Amac: Akut lenfoblastik 16semi (ALL) tanili cocuklarin hayatta kal
artmis olsa da enfeksiyonlar dnemli bir morbidite ve mortad

pediatrik ALL olgularinin yogun kemoterapi 6ncesi ve sof

degerlendirmektir.
Gereg ve Yontemler: Bu retrospektif kesitsel cali a Dokuz Eyliil Universitesi'nde ALL
tanistyla tedavi ve takip edilen ¢cocuklar da ilmigfir. Hepatit A, hepatit B ve kizamikeik

amlanmasindan alt1 ay sonra

antikor diizeyleri hem tani aninda hem de ke 2
ulak ve sugigegi antikor diizeyleri

rutin olarak degerlendirilmistir. Ancak,
sadece tedaviden alt1 ay sonra degerlen
Bulgular: ALL kemoterapisini tama
astaliga kars1 koruyucu olmayan antikor

seviyelerine sahipti. Kemoteraptsoz Aida en yliksek seropozitivite hepatit A’ya (%55,1)
kars1 iken, en diisiik oran
kemoterapi sonras1 hepati epatit A ve kizamikgiga karst humoral bagisikliklarint anlaml

n1 diger risk grubundaki hastalara gore daha diistiktii. Hepatit A ve
r ofanlari ile hastalarin yaglar1 arasinda istatistiksel olarak anlamli bir
st disinda, kemoterapi oncesi asilama kemoterapi sonrast serolojiyi

tamamen asilanmis olanlar da dahil olmak {izere tiim hastalar, kemoterapi
antikor seviyelerindeki diisiis nedeniyle enfeksiyon agisindan biiytik risk
emoterapi sonrasi rutin serolojik testlere ve tekrar asilamaya ihtiya¢ oldugunu

Introduction

Acute lymphoblastic leukemia (ALL) is the most common malignancy in children, accounting
for one-third of all childhood cancers [1]. Over the last decades, outcomes for pediatric ALL
have improved dramatically. The widespread adoption of standardized treatment protocols
improved clinical outcomes while reducing adverse events [2-4]. On the other hand,



underlying malignant disease and intensive chemotherapy can cause long-lasting
immunosuppression. The immune response may be impaired for 6 months, affecting both new
and previously encountered antigens. As a result, patients may become more vulnerable to
infections due to the decrease or disappearance of antibodies provided by vaccination [5,6].
The mechanisms of immune recovery after chemotherapy are not completely understood.
However, a sufficient immune reconstruction is typically established within 6—12 months afte
treatment, and the re-vaccination program can produce adequate antibody levels for life-
threatening vaccine-preventable infectious diseases (VPID) [7,8]. The Infectious Diseases
Society of America (IDSA) guidelines recommend routine revaccination with a single do
each vaccine [7]. Similarly, European Conference on Infections in Leukemia recommends
booster dose of all vaccines after the end of chemotherapy [9]. Further research ma

Only a limited number of studies have investigated the factors influencing t
status of these patients. In addition, these studies should be performed reg
our study aimed to evaluate the changes in humoral immunity agains
preventable diseases in pediatric ALL patients before and
factors influencing seronegative patients for these diseases.
Materials and Methods

This retrospective cross-sectional study was conducted at
Children’s Hospital. Patients diagnosed with ALL ang at the Pediatric

024 were reviewed. Patients

o applied for a re-vaccination
were included in the study. Medical
haracteristics (ALL type and risk
osttreatment antibody levels, history of
nderwent hematopoietic stem cell transplant

whose therapy was completed at least six
visit at the Social Pediatrics clinic during th
records were reviewed, and demographi
group, date of onset, end of chemother.
VPID) were collected. Children who re
were excluded.
Data on past vaccinations were edffrom their vaccination cards. If the vaccination cards
were not available, the informati llected through a standardized questionnaire. In that
situation, if they could ember any of their vaccination history, they were excluded
from this analysis. In
hepatitis B. Since ildren"have routinely received the Measles, Mumps, Rubella

of age. Since 2020, due to the risk of measles epidemic, additional

given at nine months of age. Hepatitis A and varicella vaccines were
al program in 2012 and 2013, respectively. The hepatitis A vaccine is given
and 24 months), while the varicella vaccine is given in a single dose (at 12

1[11,12]. Patients who completed maintenance therapy six months ago were
inated according to the IDSA guidelines after being serologically tested in the Social

diatrics Department [7]. In our center, inactive vaccines start to be administered in the sixth
month after chemotherapy, and live vaccines in the 12th month after chemotherapy.
Serologic testing for hepatitis A (HAV), hepatitis B (HBV), and rubella was routinely
performed both at the time of diagnosis and six months after completion of chemotherapy.
However, antibody levels against measles, mumps and varicella were assessed six months
after completion of chemotherapy. The Enzyme-linked Immunosorbent Assay (ELISA)




method was used to measure IgG antibodies for measles, mumps, rubella, varicella, HAV and
HBV (anti-HBs). The serologic status of patients was evaluated according to the laboratory
test manufacturer's references. Clear positive antibody results defined protective humoral
immunity, whereas equivocal and negative test results were defined as nonprotective
immunity.

Ethics

The study was approved by the Dokuz Eyliil University Ethics Committee (approval number:
2024/06-12) and performed according to the principles of the Declaration of Helsinki.
Informed written consent was not obtained because of the retrospective nature of the stud
Statistical Analysis

Statistical analyses were conducted with SPSS (version 21.0 for Windows; SPSS, Chi
IL, USA). The normality of data distribution was checked using the Kolmogrov-S
Categorical variables were compared by the chi-square test or Fisher’s exact t
appropriate. Willcoxon test was used to changing seronegative in vaccine-p ses
after treatment. For comparing means, data were analyzed with Student’ Values with

presented as mean =+ standard deviation and/or median. A p-value <0

significant.

Results

After screening using the inclusion and exclusion criteria, & uded in the
present study. However, 3 children were excluded because relapsed and underwent
hematopoietic stem cell transplantation and two couldme a clear vaccination record
Therefore, seventy-eight patients (35 males, 43 feme iticipated in this study. The mean

age at diagnosis was 62.0 =45.1 and the m
were 15 (19.2%) patients in the SR group, 5
HR group (Table 1). Patients were vacci to the then-current Turkish National
Immunization Program. At the time of ALL diagnosis, all the patients were fully vaccinated
with their vaccination schedule. On det analysis, twenty-seven (34.6%) patients had
received two doses, thirty-eight s had received one dose of MMR vaccine, and
thirty-four (43.6%) patients ne dose of varicella vaccine (as recommended in
the regular vaccination sc e). Eleven (14.1%) patients had received a single
dose of measles vaccin e patient had received neither measles nor MMR vaccine. Six
(7.7%) patients had a
A statistically signi

¢ IR group, and 8 (10.3%) in the

ecrease was observed in HBV, HAV, and Rubella seropositivity
nosis and the sixth month after treatment (p < 0.001). Overall,
o of the patients lost their humoral immunity against hepatitis B,
espectively (Table 2). The highest seropositivity rate was found for

at'all patients vaccinated with hepatitis A were seropositive (p < 0.001). In
y 90.9% of those vaccinated with rubella were seropositive (p = 0.601). Six

ate of seropositivity (p < 0.001). However, no similar association was found between
MR or varicella vaccines and seropositivity rates for measles, rubella, mumps, or
ricella (p > 0.05). There was also no statistically significant association between vaccine
dose (one or two doses of MMR vaccine) and seropositivity rates for measles, rubella, or
mumps six months after chemotherapy (p > 0.05). Regarding varicella, we noted that among
the six patients with a history of chickenpox before ALL diagnosis, all of them were
seropositive after chemotherapy, and this difference was statistically significant (P < 0.001).



There was no significant difference in sex, white blood cell counts at diagnosis, risk group, or
immunophenotype criteria between seronegative and seropositive patients six months after the
chemotherapy (Table 3). Although not statistically significant, the patients in the higher-risk
group for ALL had a lower seropositivity rate than the other risk group patients. There were
statistically significant differences between the protective antibody rates of hepatitis A and
varicella and the patient's age (< 7 years vs. > 7 years). When seropositive and seronegative
cases against hepatitis A were compared, we found that ages of seropositive patients were
significantly younger than those of seronegative cases (median 41 months versus 58 months
respectively. p = 0.036). On the other hand, seropositivity against varicella was statisticall
higher in older children (median 89 months versus 41 months, respectively. p = 0.002).
Discussion

The percentage of children with positive serology was the gainst hepatitis A (55.1%)
and the lowest for measles (17. 9%) in our study In 2 S 6% of patients were

after chemotherapy [15]. Aytag et al. [14] d
chemotherapy, the majority of cases had anti ywer than protective values for

umps and 26.3% for rubella. The

interesting ﬁndmg in the results was th althou patients were vaccinated against rubella,
the number of anti-rubella IgG- pos1 i as 70 at the time of diagnosis. Similarly,
while the number of children wi tions before diagnosis was 35, HAV
seropositivity was found in 6 . We thought this may have been due to an

medical history.

Our study also reveal
HAYV, and rubella b
0.001). A rece

he diagnosis of ALL and six months after the treatment (p <

alysis showed that the reduction of protective antibody titers

fter chemotherapy: it was about 50% for HBV, and 20 to 40% for
[17]. Our low seroprotection levels for VPID were consistent with
ral factors may explain the low levels of seroprotection observed after

st, the direct negative effect of chemotherapy on the immunity acquired by
tions before the diagnosis of ALL [18]. Second, there was a lack of regular
immunization practices. Most patients had received their primary vaccination

noteworthy that only the HAV pre-chemotherapy vaccination demonstrated a statistically
gnificant impact on post-chemotherapy seropositivity in our study. Conversely, the other
pre-chemotherapy vaccinations (even the number of doses) did not exhibit the same effect.
We speculated that the higher post-chemotherapy hepatitis A seropositivity seen in HAV-
vaccinated children might be explained by the boosting effect of asymptomatic infections
seen in those children. De la Fuente Garcia et al. [18] found that most children (81%) with a
history of varicella before ALL diagnosis were seroprotected after chemotherapy (p = 0.04).



In our study, all children with a history of varicella before ALL diagnosis showed immunity
after chemotherapy. These findings indicate that natural infection may provide more durable
protection than vaccination in this population. We can conclude that all patients, including
those previously fully vaccinated, are at great risk of infection due to the decrease in
protective antibody levels.

Some studies have found a negative correlation between a patient's age and the loss of
protective antibody levels for VPID [8,14,19]. They suggested that this may be due to the
developing B lymphocyte pool being more vulnerable in younger children during
chemotherapy than in older children or to an incomplete national immunization program
younger ages [14-16]. However, other studies have found no association with age at diag

statistically significant differences only between HAV and varicella protective anti
and age at diagnosis. While 58.6% of children under seven years of age were
against HAV, this rate dropped to 5.0% in children aged seven years and old
This decline in vaccination rates may be a contributing factor to the hig

indicate previous varicella infection [16,21]. As in other studies, we d
association between sex and loss of immunity [14,15,19,20

than in the standard or intermediate-risk groups [21]. On th and, many studies showed
no significant difference between ALL risk groups and pra ibody levels [15,20,22-
24]. Although it is not statistically significant, the p opositive patients six

patients for all VPID in our study. Another pd Tiirkiye found no significant difference
between ALL risk groups and protective anti PID except varicella [8]. The
observed outcomes may be attributed to e studies were conducted in small
groups. Therefore, we recommend conducting ngore Studies with a larger number of patients,
including meta-analyses.

Our study has several limitations or HAV, HBYV, and rubella, antibody levels to
e chemotherapy, so we cannot confirm that
chemotherapy was the ca hemotherapy titers. However, all our patients were
up-to-date on their vacci schedule before their diagnosis, which is our strength. Second,
we measured antibod once after the chemotherapy (about six months afterward)

dy, together with those from the literature, suggest that chemotherapy may
s of humoral immunity in pediatric ALL patients, even if they were vaccinated.

tion based on the results obtained. It's important to note that this study was not

tgned to determine the optimal timing for safe and effective vaccination in this population.
erefore, further large prospective multicenter studies are needed to determine the optimal

timing for re-immunization.

Abbreviations: ALL: Acute lymphoblastic leukemia, ALL- BFM: ALL-Berlin-Frankfurt-
Miinster, ELISA: Enzyme-linked Immunosorbent Assay, HAV: Hepatitis A virus, HBV:



Hepatitis B virus, HR: High risk, IDSA: The Infectious Diseases Society of America, IR:
Intermediate risk, MMR: Measles mumps rubella, MRD: Minimal residual disease, SR:
Standard risk, VPID: Vaccine preventable infectious diseases, WBC: White blood cell

Contributors: Surgical and Medical Practices: T.I., 0.T.G., S.Y., H.O., A.A.; Concept: T 1.,
O0.T.G.,S.Y.,H.O.,, A.A; Design: T.1., 0.T.G., G.T.; Data Collection or Processing: T.i.,
O.T.G., G.T.; Analysis or Interpretation: T.i., O.T.G., S.Y., H.O.; Literature Search: T.1.,
G.T.; Writing Manuscript: T.1., O.T.G. Giirocak Tiifek¢i O. and Y1lmaz S. contributed to
manuscript editing. All authors read and approved the final version of the manuscript.
Conflict-of-interest: None

Funding: None

References
1. Ward E, DeSantis C, Robbins A, Kohler B, Jemal A. Childhood a
statistics, 2014. CA Cancer J Clin 2014;64:83-103.

2. Hunger SP, Loh ML, Whitlock JA, Winick NJ, Carroll WL, D actz EA;
COG Acute Lymphoblastic Leukemia Committee. Childre 2013
blueprint for research: acute lymphoblastic leukemia. Pediat 013;60:957-963.

3. Kato M, Manabe A. Treatment and biology of pedi te lymphoblastic leukemia.
Pediatr Int 2018;60:4-12.

4. Teachey DT, Pui CH. Comparative features
and B-cell acute lymphoblastic leukaemia. Lancet ;20:€142-e154.

5. van Tilburg CM, Sanders EA, Rove , Bierings MB. Loss of antibodies
and response to (re-)vaccination in children tre for acute lymphocytic leukemia: a
systematic review. Leukemia 2006;20:1
6. Fayea NY, Fouda AE, Kandil S ization status in childhood cancer survivors:
eonatol 2017;58:541-545.

7. Rubin LG, Levin MJ, Lj
IDSA clinical practice guideline acdination of the immunocompromised host . Clin Infect
Dis 2014;58:e44—100.
8. Toret E, Yel SE
Immunization status

survivors. Hum Va
9. Mikuls

M, Duzenli Kar Y, Ozdemir ZC, Dinleyici M, Bor O.

nization of childhood acute lymphoblastic leukemia
unother 2021;17:1132-1135.

, de Lavallade H, Di Blasi R, Einarsdottir S, Gallo G, Rieger C,
er T, Ljungman P, Cordonnier C; European Conference on Infections
cination of patients with haematological malignancies who did not

, Cift¢ci E, Hacimustafaoglu M, Kara A, Kuyucu N, Somer A, Vardar F. The

ccination Schedule in Previously Healthy Children: The Practical

mendations about Additional Vaccines. J Pediatr Inf 2014;8:1-6.

. Flohr T, Schrauder A, Cazzaniga G, Panzer-Griimayer R, van der Velden V, Fischer S,
ulla M, Basso G, Niggli FK, Schiafer BW, Sutton R, Koehler R, Zimmermann M,

alsecchi MG, Gadner H, Masera G, Schrappe M, van Dongen JJ, Biondi A, Bartram CR;

International BFM Study Group (I-BFM-SG). Minimal residual disease-directed risk

stratification using real-time quantitative PCR analysis of immunoglobulin and T-cell receptor

gene rearrangements in the international multicenter trial AIEOP-BFM ALL 2000 for

childhood acute lymphoblastic leukemia. Leukemia 2008;22:771-782.



12. Conter V, Bartram CR, Valsecchi MG, Schrauder A, Panzer-Griimayer R, Moricke A,
Arico M, Zimmermann M, Mann G, De Rossi G, Stanulla M, Locatelli F, Basso G, Niggli F,
Barisone E, Henze G, Ludwig WD, Haas OA, Cazzaniga G, Koehler R, Silvestri D, Bradtke J,
Parasole R, Beier R, van Dongen JJ, Biondi A, Schrappe M. Molecular response to treatment
redefines all prognostic factors in children and adolescents with B-cell precursor acute
lymphoblastic leukemia: results in 3184 patients of the AIEOP-BFM ALL 2000 study. Blood
2010;115:3206-3214.

13. Pelland-Marcotte MC, Pole JD, Hwee J, Sutradhar R, Science M, Nathan PC, Sung
Long-Term Risk of Infections After Treatment of Childhood Leukemia: A Population-Bas
Cohort Study Using Administrative Health Data. J Clin Oncol 2019;37:2651-2660.

14, Aytac S, Yalcin SS, Cetin M, Yetgin S, Gumruk F, Tuncer M, Yurdakok K,
Measles, mumps, and rubella antibody status and response to immunization in chi
therapy for acute lymphoblastic leukemia. Pediatr Hematol Oncol 2010;27:33
15. Anafy A, Gilad G, Michaan N, Elhasid R, Rosenfeld-Kaidar H, Ara,
MS, Shachor-Meyouhas Y, Grisaru-Soen G. Revaccination of children wi
lymphoblastic leukemia following completion of chemotherapy. Pedia
2023;70:e30321.

16. Garonzi C, Balter R, Tridello G, Pegoraro A, Pegore

18. de de la Fuente Garcia I, Coic L, Le averdicre C, Rousseau C, Ovetchkine
P, Tapiéro B. Protection against vaccine pre S¢
lymphoblastic leukemia. Pediatr Blood 2007;64:315-320.

19.  Keskin Yildirim Z, Buyukavci Mi Assessinent of Humoral Immunity to Hepatitis B,
Measles, Rubella, and Mumps in Childr fteg Chemotherapy. J Pediatr Hematol Oncol
2018;40:€99-e102.

20. Patel SR, Ortin M, C
Revaccination of children
Infect Dis 2007;44:635
21. Ek T, Mellan
childhood acute lymph

ow R, Irving D, Sheldon J, Heath PT.
I c of standard chemotherapy for acute leukemia. Clin
, Andessson B, Abrahamsson J. Immune reconstitution after
stic Ieukemia is most severely affected in the high risk group.
:461-468.
lito A, Engstrom P, Nordin M, Narita M, Grillner L, Chiodi F, Bjork
protocols for childhood acute lymphoblastic leukemia induce loss
| imm@nity to viral vaccination antigens. Pediatrics 2002;109:e91.
a AE, Kandil SM, Boujettif F, Salama Y'S, Fayea NY. Humoral immune response
te lymphoblastic leukemia survivors against the measles, mumps, and rubella
Hematology 2018;23:590-595.
Top KA, Vaudry W, Morris SK, Pham-Huy A, Pernica JM, Tapiéro B, Gantt S, Price
, Rassekh SR, Sung L, McConnell A, Rubin E, Chawla R, Halperin SA. Waning Vaccine
unity and Vaccination Responses in Children Treated for Acute Lymphoblastic

eukemia: A Canadian Immunization Research Network Study. Clin Infect Dis 2020;71:e439-

e448.




Table 1. Demographic features of patients who participated to study.

Variable Number (%)
Sex

Male 35 (44.9)

Female 43 (55.1)
Age at diagnoses (month)

Mean + SD 62 +45.1

Median (range) 47 (11-203)
White blood cell counts at diagnosis (x10°/L)

Mean + SD 22,7+37.3

Median (range) 8.8 (1.2 -228.
ALL risk group

Standard-risk group 15 (19.2)

Intermediate-risk group 55 (70.5)

High-risk group 8 (
Immunophenotype

Pre-B cell 69

T cell 9 (11.
Pretreatment vaccination status (vaccinated)

Hepatitis B 8 (100.0)

Hepatitis A 5(44.9)

Measles 77 (98.7)

Mumps 66 (84.6)

Rubella 67 (84.6)

Varicella 34 (43.6)

Table 2. Serologic characteristics of patients‘at the time of diagnosis and at the end of
chemotherapy.

Rate of 1\%
Disease Diagnosis ti Six months after end of P value

n (%) chemotherapy

n (%)
Hepatitis B 32 (41.0) <0.001*
Hepatitis A 43 (55.1) <0.001*
Rubella 38 (48.7) <0.001*
Measle 14 (17.9)
Mump 15(19.2)
icel 21 (26.9)

ificance if <0.05



Table 3. Comparison of Serologic Responses of ALL Patients According to Some Clinical and Laboratory Findings

Sex Age at diagnosis ALL risk group WBC at diagnosis (x10°/L)
Male Female p <7 years >7years | p SR IR HR p <50 >50 p
Hepatitis B, n (%)
Seronegative 18 (51.4) 28 (65.1) 0.322 36 (62.1) 10 (50.0) | 0.495 8(53.3) 31(56.4) @ 7(87.5) 0.248 38(55.9) 8(80.0) 0.184
Seropositive 17 (48.6) 15 (34.9) 22(37.9) 10 (50.0) 7 (46.7) 24 (43.6)  1(12.5) 30 (44.1) 2(20.0)
Hepatitis A, n (%)
Seronegative 14 (40.0) 21 (48.8) 0.581 20 (34.5) 15(75.0) | 0.004" 5(33.3) 24 (43.6) = 6(75.0) 0.170 31(45.6) 4 (40.0)
Seropositive 21 (60.0) 22(51.2) 38 (65.5) 5(25.0) 10 31(56.4) @ 2(25.0) 37 (54.4) 6 (60.0)
(66.7)
Measles, n (%)
Seronegative 30(85.7) 34 (79.1) 0.643 48 (82.8) 16 (80.0) | 0.746 11(73.3) | 46(83.6) | 7(87.5) 0.635 56 (82.4)
Seropositive 5(14.3) 9(20.9) 10 (17.2) 4(20.0) 4(26.7) 9 (16.4) 1(12.5) 12 (17.6)
Rubella, n (%)
Seronegative 15 (42.9) 25 (58.1) 0.265 28 (48.3) 12(60.0) | 0.519 6 (40.0) 29 (52.7) | 5(62.5) 0.549 34 (50.0)
Seropositive 20 (57.1) 18 (41.9) 30(51.7) 8 (40.0) 9 (60.0) 26(47.3) | 3(37.5)
Mumps, n (%)
Seronegative 30(85.7) 33(76.7) 0.477 46 (79.3) 17(85.0) | 0.747 11(733) | 45(81.8) | 7(87.5) 0.734 1.000
Seropositive 5(14.3) 10 (23.3) 12 (20.7) 3(15.0) 4(26.7) 10(18.2) | 1(12.5)
Varicella, n (%)
Seronegative 23 (65.7) 34 (79.1) 0.286 49 (84.5) 8 (40.0) <0.001" 11(73.3) | 40(72.7) | 6(75.0) 0.994 8(80.0) 0.721
Seropositive 12 (34.3) 9(20.9) 9 (15.5) 12 (60.0) 4(26.7) 15(27.3) | 2(25.0) | 2(20.0)

ALL: Acute lymphoblastic leukemia, HR: High risk, IR: Intermediate risk, SR: Standard risk, WBC: White blood cell
*P<0.05
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