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16.1 Introduction

The need for vaccination before, during and after
chemotherapeutic regimens remains an area of con-
troversy due to the lack of evidence-based guide-
lines. Although multiple consensus statements and
guidelines are available in regard to the timing and
necessity of (re)vaccination these recommendations
are variable, leading to significant differences in
clinical practice (Centers for Disease Control and
Prevention 1993; Sung et al. 2001; Royal College of
Paediatrics and Child Health 2002; Allen 2007;
Esposito et al. 2010a; Ruggiero et al. 2011).
Crawford et al. (2010) showed that 39 % of child-
hood cancer survivors in Australia had no booster
vaccinations; they theorize that lack of evidence
leads to variability in practice. This was in contrast
to a survey in the United Kingdom where stated
compliance with reimmunization was 94.3 % (Bate
et al. 2010a). No report of practice in the United
States can be found in the medical literature.

Although Fioredda et al. argued in 2005 that
antibody deficiency to vaccine-preventable dis-
eases was not significantly different in children
after chemotherapy as compared to healthy con-
trols, multiple other studies have shown the
development of antibody deficiency after com-
mencement of chemotherapy with no resolution
over time following the completion of therapy
(van der Does-van den Berg et al. 1981; Smith
et al. 1995; Feldman et al. 1998; von der Hardt
et al. 2000; Nilsson et al. 2002; Reinhardt et al.
2003; Ek et al. 2004; Zignol et al. 2004; Brodtman
et al. 2005; Ek et al. 2006; Cheng et al. 2009;
Lehrnbecher et al. 2009; Zengin and Sarper 2009;
Alavi et al. 2010; Cheng et al. 2010; Paulides
et al. 2011; Kwon et al. 2012; Patel et al. 2012;
Van Tilburg et al. 2012). A review of such studies
was most recently conducted by Esposito et al.
(2010a) and van Tilburg et al. (2006). Only two
additional studies could be found corroborating
the data by Fioredda et al. (Ercan et al. 2005;
El-Din et al. 2012).

In this chapter we review the literature in
regard to immune status prior to chemotherapy
initiation, during chemotherapy, and data on
immune recovery after completion of therapy
for pediatric patients with malignancy. This
serves as background for the available evidence

on immunization practice prior to, during and
after chemotherapy completion (Table 16.1).
Population-based risk assessment is also a key
component of (re)vaccination guidelines; there-
fore, we review the evidence for active immu-
nization in settings of high disease prevalence.
Finally, we review passive and active immuniza-
tion practice after exposure to disease and vac-
cination of household contacts.

16.2 Immune Status Prior

to Chemotherapy Initiation

Immune status is normal in most cases prior to
the commencement of chemotherapeutic regi-
mens except, potentially, in hematologic malig-
nancies that affect lymphocyte and granulocyte
number and function and lymphomas which
affect peripheral T- and B-lymphocytes.

Nilsson et al. (2002) quantified bone marrow
plasma cells in a small number of pediatric acute
lymphoblastic leukemia (ALL) patients at diagno-
sis and found the percentage was significantly
decreased compared to healthy controls. In most
studies, antibody levels to vaccine-preventable
diseases are similar to a healthy population at
diagnosis although van Tilburg et al. (2012)
showed that children with ALL had tetanus anti-
body levels statistically lower than a healthy group
(Feldman et al. 1998; Reinhardt et al. 2003; Ercan
et al. 2005; Zengin and Sarper 2009; Alavi et al.
2010). Data on immune deficiency at diagnosis in
lymphoma patients are lacking in the pediatric lit-
erature. Studies in adult lymphoma patients have
shown lower baseline immunoglobulin levels and
decreased lymphocyte stimulation to phytohemag-
glutinin and concanavalin A compared to controls
(Fuks et al. 1976; Biggar et al. 2009).

16.3 Immune Status During

Chemotherapy

The decline in immune status with chemotherapy
initiation is due to medication effect rather than
the underlying malignancy. Moritz et al. (2001)
studied T-cell regenerative capacity after ALL
induction chemotherapy and found that patients
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Table 16.1 Immunization recommendations with chemotherapeutic regimens?

Prior to chemotherapy®  During chemotherapy®

Diphtheria-tetanus-acellular Continuation of primary

pertussis series during lower-
intensity phases of therapy
(i.e., ALL in maintenance)

Haemophilus influenzae Continuation of primary

type b series during lower-
intensity phases of therapy
(i.e., ALL in maintenance)

Inactivated poliovirus Continuation of primary
series during lower-
intensity phases of therapy
(i.e., ALL in maintenance)

Pneumococcus Continuation of primary
series during lower-
intensity phases of therapy
(i.e., ALL in maintenance)

Hepatitis B Consider starting Continuation of primary
immunization series in  series during lower-
high-risk settings in intensity phases of therapy
seronegative® (i.e., ALL in maintenance)

Measles-mumps-rubella

Varicella Consider vaccination
during lower-intensity
phases of therapy
(i.e., ALL in maintenance)
in high-risk settings®

Meningococcus

Inactivated influenza Consider if high seasonal Annually for children
incidence >6 months of age

ALL acute lymphoblastic leukemia

See text for details

®Level of evidence 2C per Guyatt et al. (2006); see Preface
‘Level of evidence 1C per Guyatt et al. (2006); see Preface

After chemotherapy
completion®¢
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series and

<5 years of age
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series and

<5 years of age
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series®
Continuation of primary
series; booster 3—6 months
after therapy completion
in those that finished
primary series

Booster dose for those
previously vaccinated;
otherwise per routine
schedule

Annually for children

>6 months of age

dCan consider postvaccination titers in less immunogenic vaccines, specifically hepatitis B and varicella
*Washout period required after blood products and immunoglobulin therapy; see text for details

were able to regenerate T-cell subsets at this the underlying disease process itself. At least
time point. They concluded that the long-last- in number, B-lymphocytes are more affected
ing T-cell dysfunction seen after the completion than T-lymphocytes and NK cells during ther-
of therapy is due to chemotherapy rather than apy. Studies of children with ALL have found
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decreased total lymphocyte counts, lymphocyte
subsets and immunoglobulin levels as compared
to controls with statistically decreased levels
in those treated with more intensive protocols
compared to standard risk and reduced-intensity
groups and with improvement in levels, espe-
cially IgG, occurring in the maintenance phase
of therapy (Caver et al. 1998; Kostaridou et al.
2004; Luczynski et al. 2004; El-Chennawi et al.
2008; Eyrich et al. 2009; Van Tilburg et al.
2012).

Seroprotection to vaccine-preventable diseases
declines significantly during chemotherapy,
both for patients with hematologic malignan-
cies and in those with solid tumors (Feldman
et al. 1998; Reinhardt et al. 2003; Ek et al.
2004; Zignol et al. 2004; Ek et al. 2006; Zengin
and Sarper 2009; Alavi et al. 2010; Kwon et al.
2012; van Tilburg et al. 2012). Comparing
ALL regimens with different levels of inten-
sity, van Tilburg et al. (2012) found that
antibody levels to diphtheria, tetanus and
Bordetella pertussis declined sharply during
induction and high-dose methotrexate treat-
ment in both groups with this decline continu-
ing at a slower rate through therapy. Decrease
in total IgG did not correlate with the level of
antibody to vaccine-preventable diseases. By
the end of chemotherapy, 90 % of the 41 chil-
dren had lower levels of antibody compared to
population-based norms. Only decline in diph-
theria antibody showed a significant difference
between the standard and reduced-intensity
ALL regimens. On univariate analysis, Zignol
et al. (2004) showed that loss of antibody pro-
tection correlated with younger patient age,
while Paulides et al. (2011) showed the same
on multivariate analysis.

16.4 Immune Recovery After

Chemotherapy Completion

The pace of immune recovery after the comple-
tion of chemotherapy remains poorly quantified
and is multifactorial, being related to the under-
lying malignancy, treatment intensity and age
of the patient. Kovacs et al. (2008) analyzed 88

children 1 year after the completion of chemo-
therapy for malignancies and found that 19 %
of leukemia patients and 9 % of solid tumor
patients had decrement in at least one immuno-
globulin level (p <0.001 in the leukemia
patients). At least one marker of cellular immu-
nity was decreased in 42 % of leukemia patients
and 29 % of solid tumor patients. Mustafa et al.
(1998) similarly found that 1 year after therapy
completion, 35 of the 43 studied patients main-
tained some immunologic abnormality. Patients
had rapid normalization of B-lymphocyte num-
bers while CD4+ T-lymphocytes lagged and
lymphocyte stimulation remained low in a sub-
set of patients 9—12 months after therapy com-
pletion. IgG levels normalized rapidly while
IgA and IgM were slower to recover. The num-
ber of abnormalities at 1 year correlated statis-
tically with patient age; the younger the patient
the more abnormalities at this time point. Type
of malignancy and duration of therapy were not
relevant factors in their study. Other studies
have similarly shown the rapid pace of recovery
for IgG, with IgA being restored more slowly
and IgM remaining low for years after therapy
completion (de Vaan et al. 1982; Abrahamsson
et al. 1995). Azuma et al. (1998) and Mazur
et al. (2006) also found that a subset of patients
retained low CD4+ counts. This contrasts with
others who have shown that immunoglobulin
levels and mitogenic response recover by
6 months after therapy completion (Alanko
et al. 1992; Abrahamsson et al. 1995; Kantar
et al. 2003; Ek et al. 2005; Kosmidis et al.
2008). Mackall et al. (1995) found that younger
patients had greater recovery of CD4+
T-lymphocytes at 6 months compared to older
patients who persisted with severe depletion.
They theorized that thymic production is impor-
tant in T-lymphocyte regeneration in the
younger patients. Although Mustafa et al.
(1998) did not show a statistical difference in
immune recovery based on underlying malig-
nancy, other studies have shown variable recov-
ery between hematologic malignancies and
solid tumors (Alanko et al. 1994, 1995).

In a complex statistical study using princi-
pal components analysis, Ek et al. (2011) found
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that increased treatment intensity led to poorer
response to vaccination, even 6 months after
therapy completion. Previously their group
had shown that patients who received more
intensive ALL therapy were significantly less
likely to respond to tetanus toxoid after ther-
apy completion (Ek et al. 2006). These results
contrast to other studies such as Mustafa et al.
(1998) and Ercan et al. (2005). Immune recov-
ery after therapy completion is defined based on
antibody seroresponse to vaccine-preventable
disease although anamnestic response may
occur even with low or absent antibody lev-
els complicating measures of immunity and
immune recovery (Banatvala and Van Damme
2003). Yetgin et al. (2007) studied 82 children
with ALL who were vaccinated against HBV
during maintenance therapy and 87 that were
unvaccinated. Although the seroconversion
rate was only 35.4 %, the HBV infection rate
was significantly decreased as compared to the
unvaccinated group (4.8 % vs. 28.7 %). This
remained significant when comparing the vac-
cinated nonresponders with the unvaccinated
(7.5 % vs. 28.7 %). On other hand, Ek et al.
(2006) studied 31 pediatric patients with ALL
and found that antibody avidity to tetanus tox-
oid and Haemophilus influenzae type b (Hib)
correlated with antibody levels.

Among the multiple studies that have (re)vac-
cinated children after chemotherapeutic regi-
mens, the timing of seroresponse is quite variable
making generalizations about pace of immune
recovery impossible. Some studies have shown a
rapid response in all patients while others have
shown persistence of immune dysfunction years
after therapy completion. Smith et al. (1995),
Nilsson et al. (2002) and Brodtman et al. (2005)
all studied children with a history of ALL and
found that even years after therapy completion
some children failed to mount an appropriate
postvaccination antibody response. In contrast,
other studies have shown a uniform and rapid
immune response after therapy completion.
Ercan et al. (2005) immunized 21 patients
3-6 months after completion of ALL therapy
and found no statistical difference compared
with 14 healthy controls for tetanus, diphtheria,

pertussis, measles and mumps antibody response.
Lehrnbecher et al. (2009) randomly assigned 24
patients who received non-high-risk treatment
for ALL to receive booster vaccination for teta-
nus, diphtheria, polio and Hib 3, 6 or 9 months
after the completion of therapy. Response at
these different time points was not significantly
different. Cheng et al. (2009) administered three
doses of DTP booster vaccination 6, 8 and
10 months post-chemotherapy completion in
patients with hematologic malignancies and
solid tumors with a 100 % seroresponse rate
which was maintained for at least 1 year (the end
of the study period).

Most likely, antibody response is imperfect,
and a subset of patients will not attain seroprotec-
tion even if immunized multiple times well after
immune competence should be restored, espe-
cially to less immunogenic vaccines such as hep-
atitis B, measles and rubella. Reinhardt et al.
(2003) studied 139 children with malignancies
who showed a decline in antibody seropositivity
to vaccine-preventable diseases through therapy.
Patients were revaccinated 3—5 months after the
completion of therapy to measles, mumps,
rubella, diphtheria and tetanus. The majority of
vaccinees recovered similar levels of seroprotec-
tion as was present prior to therapy; on the other
hand, 6 of 83 children (7.2 %) did not respond to
revaccination. Zignol et al. (2004) studied 192
pediatric oncology patients after the completion
of chemotherapy. They found that a subset lost
antibody protection to vaccine-preventable dis-
eases. On reimmunization, 12 months after the
completion of therapy, 93 % of those revacci-
nated had an appropriate seroresponse (three did
not respond to hepatitis B, one did not respond to
measles).

16.5 Defining the Risk
from Vaccine-Preventable
Diseases

In the setting of impaired immune competence
both during therapy and for some time period
after the completion of therapy, determining
when and whom to (re)vaccinate should be based
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on population-based assessment to define when
the potential benefit of (re)vaccination outweighs
the cost, potential lack of seroresponse and risk
of immunization (with live virus vaccines).

Many of the studies regarding disease preva-
lence in children with malignancy from the
United States are before routine vaccination cam-
paigns to Hib, Streptococcus pneumoniae and
varicella. The data from such studies can now be
generalized to resource-limited settings in which
routine immunization practice to these diseases is
not yet in place but more children are being
treated for malignancy. Varicella is the best
example of change in practice over time due to
routine vaccination in the United States and the
subsequent protection of the immunocompro-
mised from herd immunity. Over time, the poten-
tial risks of live attenuated varicella vaccination
during chemotherapy and delay in treatment have
begun to outweigh the risk of varicella exposure
and disease during chemotherapy. Yet, practice
must be based on risk assessment in each par-
ticular community.

Risk versus benefit of varicella vaccination
during maintenance chemotherapy must be con-
sidered with increasing rates of immunization,
especially in North America. Caniza et al. (2012)
found a 0.057 % mortality from VZV infection,
with 70 % of those children dying during the first
year of treatment and 1 dying after varicella vac-
cination. Based on the available data and the need
to hold chemotherapy for VZV immunization,
they conclude that the benefit of vaccination dur-
ing maintenance does not outweigh the risks.
Although the incidence of varicella in immuno-
compromised children in the United States has
dropped precipitously since the studies by
Gershon and Steinberg (1989), outbreaks are
still reported. Adler et al. (2008) discuss the
dissemination of disease between pediatric
oncology patients after an index case in a hospital
group housing facility. Interestingly, more than
half the children had previously received varicella
vaccination. Poulsen et al. (1993) studied Danish
children from 1986 to 1991 and found that among
67 children with ALL, 25 were susceptible to
VZV and the cumulative risk of varicella expo-
sure was 90 % at 32 months with 5 patients devel-
oping varicella during this time period.

Encapsulated bacteremia from Hib and pneu-
mococcus are also exposures that have changed
significantly over time. Surveillance reporting for
the years 1994—-1995 in the United States shows
near elimination of invasive Hib disease with
routine vaccination; invasive disease among chil-
dren aged 4 years or younger declined by 98 %
since the introduction of Hib conjugate vaccines
(Bisgard et al. 1998). Pneumococcal disease has
also declined sharply after introduction of the
7-valent conjugate vaccine. Surveillance data
from eight children’s hospitals in the United
States showed a 66 % decline in invasive disease
in children <24 months of age in 2002 compared
with the mean number of annual infections from
1994 to 2000 (Kaplan et al. 2004). How this
affects immunocompromised children, especially
with the emergence of non-vaccine serotypes and
now routine immunization with the 13-valent
conjugate vaccine, is unknown.

Over a 6-year study period in a setting without
routine pneumococcal vaccination, Meisel et al.
(2007) studied the relative risk of invasive pneu-
mococcal disease in pediatric ALL patients as
compared to the general population. Eleven of
3,200 patients had invasive pneumococcal dis-
ease, 2 at diagnosis, 4 in induction therapy and 5
during maintenance therapy. One patient died of
pneumococcal sepsis. The relative risk of inva-
sive pneumococcal disease was 11.4 times the
general population, with the highest risk being in
those patients 5-9 years of age. Siber (1980)
looked at the incidence of infection with S. pneu-
moniae and H. influenzae from 1968 to 1977
and found that the majority of episodes of infec-
tion occurred during therapy although a small
fraction also occurred after therapy completion.
Feldman et al. (1990) found eight cases of Hib
among 5,288 pediatric cancer patients, a signifi-
cantly greater incidence than the general popula-
tion. The majority of Hib infection was in
children <4 years, but it was also seen in those
>14 years of age. Nevin et al. (2013) recently
reported a case of invasive H. influenzae in a
7-year-old who was fully immunized prior to
ALL therapy but received no additional vaccine
doses after chemotherapy completion.

Consensus guidelines from the American
Academy of Pediatrics (2012a) still recommend
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considering vaccination in patients with Hodgkin
lymphoma against encapsulated organisms prior
to the initiation of chemotherapy, a risk based on
studies when splenectomy was a routine part of
Hodgkin staging. Donaldson et al. (1978) studied
181 pediatric patients with Hodgkin lymphoma
and found that although the risk of any bacterial
infection was not different in the splenectomized
versus non-splenectomized group, all incidents
of encapsulated bacteremia with vaccine-pre-
ventable disease (specifically S. pneumoniae and
H. influenzae) occurred in the splenectomized
group. Similarly, Chilcote et al. (1976) found that
60 % of infections in splenectomized children
treated for Hodgkin lymphoma were due to
encapsulated bacteria (pneumococcus in 50 %,
hemophilus and meningococcus in 5 % each).
The risk of encapsulated bacteremia and neces-
sity of vaccination in Hodgkin lymphoma in the
setting where routine splenectomy is no longer
practiced are unclear but appear unnecessary.
Additionally, it is impractical to delay chemo-
therapy initiation for vaccine delivery and
response in such a context.

In areas of high prevalence, risk of HBV
transmission is significant during chemothera-
peutic regimens. Sevinir et al. (2003) studied 198
Turkish children with cancer and found 6.0 %
became positive for HBsAg during therapy after
failing HBV prophylaxis. One patient died of ful-
minant hepatitis B infection and most subse-
quently developed chronic disease. Yetgin et al.
(2007) reported a similar transmission rate of
7.5 % in Turkish children that failed HBV pro-
phylaxis and a 28.7 % rate in the unvaccinated
cohort. Meral et al. (2000) described a 39 %
infection rate in Turkish pediatric oncology
patients that failed HBV prophylaxis. In an
Indian study of pediatric ALL patients, Somjee
et al. (1999) reported an HBV infection rate of
43 % even after an intensified HBV vaccination
schedule. Finally, in Iraq, Al-Jadiry et al. (2013)
recorded a 27.3 % seroconversion rate in chil-
dren, with decreasing risk in those receiving
multiple HBV vaccinations.

Increased risk from influenza is well docu-
mented in immunocompromised children. In a
study of US associated deaths from influenza in
2003-2004, 5 of the 149 children (3.3 %) with

reportable health status who died were immuno-
compromised (4 from long-term corticosteroids,
1 from long-term rituximab) (Bhat et al. 2005).
Moulik et al. (2013) recently reported on a mea-
sles outbreak in an Indian pediatric oncology unit
in which 2 of 15 infected children died; those
who were previously immunized to measles had
milder disease. The risk of disseminated tubercu-
losis (miliary TB or TB meningitis) in high-
prevalence settings and the potential benefit of
BCG vaccination after chemotherapeutic regi-
mens are unknown.

Immunization Practice Prior
to Chemotherapy Initiation

16.6

Using a population-based risk stratification for
vaccine-preventable disease, a more rational
approach to vaccination can be employed. The
potential benefit of vaccination in high-risk pop-
ulations prior to the start of chemotherapy is
unclear. In a Dutch study of ALL patients, van
Tilburg et al. (2012) reported a cohort of patients
who recently received booster immunization to
tetanus, diphtheria and B. pertussis. This recent
immunization, however, did not impact the
decline in antibody levels with treatment which
was not statistically different from those children
without recent booster immunization. Thus, it is
uncertain what protection, if any, would be
afforded by pre-chemotherapy immunizations.
In his review of varicella vaccination practice
in immunocompromised children, Levin (2008)
discusses the potential to provide varicella vacci-
nation prior to the delivery of chemotherapy in
seronegative children in higher-risk populations.
Considering that 70 % of the mortality from VZV
occurred in the first year of treatment in the report
by Caniza et al. (2012) (a window where varicella
vaccination is contraindicated), this is a recom-
mendation that deserves further study. Crist6fani
et al. (1991) administered live attenuated varicella
vaccine to pediatric oncology patients on the first
day of chemotherapy. Twenty-two children with-
out clinical history of varicella (retrospectively, 13
that were seronegative and 9 that were seroposi-
tive) were immunized. No serious adverse events
were noted although three patients developed a
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small number of vesiculopapular lesions. Three of
the 13 seronegative children (23 %) failed to sero-
convert. As seen by Heath et al. (1987), antibody
protection was lost with time; 42 % lost seroposi-
tivity by 3 years. Eight of the immunized children
(all seroconverters) were exposed to varicella and
none developed disease. Of the seven control sub-
jects that were exposed to VZV, four developed
symptomatic disease. In their recommendation for
pre-chemotherapy immunization for Hodgkin
lymphoma patients, the AAP (2012a) mentions
that efficacy is increased if vaccination is given
1014 days prior to the start of chemotherapy; this
delay is not always feasible with the urgency of
commencing therapy, especially in leukemia
patients. Additional randomized controlled trials
are required to determine the safety and efficacy of
this recommendation in at-risk populations which
will be difficult from a feasibility standpoint.

Sinisalo et al. (2007) vaccinated adult patients
with chronic lymphocytic leukemia (CLL) and
controls to determine response to the 7-valent
pneumococcal conjugate vaccine (PCV7) as pneu-
mococcal disease is an important cause of morbid-
ity in this patient population. Response to PCV7
was significantly decreased in the CLL group as
compared to controls, although almost all patients
that became seropositive were immunized prior
to the onset of chemotherapy and subsequent
development of hypogammaglobulinemia. In a
separate report, Sinisalo et al. (2002) showed a
moderate seroresponse rate in adult patients to
immunization with Hib. They conclude, as with
their study on PCV7, that immunization with Hib
should occur prior to the onset of chemotherapy to
have the highest seroresponsivity rate.

Many of the studies on HBV vaccination begin
with immunization at the time of chemotherapy
initiation with variable efficacy (Goyal et al. 1998;
Somjee et al. 1999; Meral et al. 2000). Meral et al.
(2000) had the highest seroconversion rate (78 %)
when giving vaccination at diagnosis and then at
months 1, 2 and 12 of therapy in addition to
monthly passive immunization during the inten-
sive parts of leukemia therapy. Using the same
regimen without the passive immunization, Goyal
et al. (1998) showed only a 10.5 % seroconversion
rate in 162 pediatric ALL patients. To follow up

their previous study, the same group (Somjee et al.
1999) gave a more intensified regimen with five
doses at monthly intervals followed by a booster at
1 year but only showed 19 % seroconversion.

16.7 Recommendations
for Vaccination During
Chemotherapy

Five of the six cited guidelines on immunization
practice come to similar conclusions in regard to
immunization with inactivated or killed vaccines
during chemotherapy (Centers for Disease Control
and Prevention 1993; Sung et al. 2001; Royal
College of Paediatrics and Child Health 2002;
Allen 2007; Esposito et al. 2010a). All agree that it
is reasonable to continue with the primary immu-
nization series during the less intensive parts of
therapy (i.e., ALL maintenance) in addition to pro-
viding yearly inactivated influenza vaccination
(Table 16.1). Among the group, only Esposito
et al. (2010a) give consideration to providing vari-
cella vaccination in settings of high exposure risk
and lack of universal vaccination. Here we review
the evidence for each particular vaccination.

16.7.1 Diphtheria, Tetanus,
and Acellular Pertussis

Two studies were found in regard to response
to diphtheria-tetanus-pertussis (DTP) during
chemotherapy. Ercan et al. (2005) immunized 17
patients with ALL during maintenance chemo-
therapy and found no statistical difference com-
pared with 14 healthy controls for tetanus and
diphtheria antibody response, although pertussis
titers were significantly lower. No adverse reac-
tions were seen. Kung et al. (1984) administered
DTP vaccination to 27 children during mainte-
nance chemotherapy for various malignancies
and found response to at least 1 of the 2 antigens
in 26 of the children (only tetanus and diphthe-
ria were measured for response). Based on their
findings, they recommended continuing with
the primary vaccination series for inactivated or
killed vaccines during maintenance therapy.
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16.7.2 Pneumococcal Conjugate
Vaccine

In areas without routine pneumococcal vaccina-
tion, invasive pneumococcal disease remains a
potential risk during and after chemotherapy
(Meisel et al. 2007). Allen and Weiner (1981)
reviewed 40 episodes of sepsis in 28 children
with leukemia and lymphoma and found that
35 % of these episodes were secondary to S. pneu-
moniae, the most commonly isolated organism.
Interestingly, S. pneumoniae was the only organ-
ism that caused infection during remission ther-
apy; five of the 40 episodes (12.5 %) were during
this time and due to S. pneumoniae. Lehrnbecher
et al. (2009) studied 53 children treated for ALL
and found persistent lack of protection to pneu-
mococcal antigens which was significantly lower
than age-matched, unvaccinated, healthy controls
up to 9 months after the completion of therapy
(the study period).

Protection during chemotherapy from vaccine
strains in those with previous immunization is
unknown. Patel et al. (2012) studied 42 children
with a history of leukemia >6 months off of che-
motherapy to assess for serotype-specific antibod-
ies to S. pneumoniae. None of the subjects were
noted to have protective antibody concentrations
to pneumococcal conjugate vaccine serotypes.
Cheng et al. (2012) administered two doses of
PCV7 to 44 pediatric oncology patients, including
20 ALL patients in maintenance. Eighty-six to
100 % of patients obtained seropositivity depend-
ing on the pneumococcal serotype. No subgroup
analysis was reported to determine if differences
in seropositivity occurred with different underly-
ing malignancies or based on timing of
vaccination. Beyond patients that have received
splenectomy as part of their therapy, there is no
indication for immunization with the 23-valent
pneumococcal polysaccharide vaccine.

16.7.3 Hemophilus Influenzae Type b
In settings with routine vaccination to Hib, inva-

sive disease has plummeted (Bisgard et al. 1998).
Risk still remains though in areas without routine

immunization (Siber 1980; Feldman et al. 1990).
Multiple studies have described the effect of Hib
conjugate immunization during chemotherapy
(Feldman et al. 1990; Kaplan et al. 1992; Shenep
et al. 1994; Cheng et al. 2012). Feldman et al.
(1990) vaccinated 50 children with Hib; the over-
all response rate was 50 %. Shenep et al. (1994)
studied 50 children with solid tumors who had
not previously been vaccinated for Hib.
Seroresponse was noted in 42 % after first vacci-
nation and another 45 % responded to a second
dose. Kaplan et al. (1992) studied 18 children
with malignancy and found a 50 % seroresponse
rate to Hib after 1 immunization. One-third of
children responded to a second dose. Weisman
etal. (1987) studied 27 children with malignancy,
6 of whom had completed therapy to measure
response to Hib vaccination. Eighty-five percent
of patients had an appropriate response. Solid
tumor patients had a 100 % response; there was
no difference in response for those off therapy. Of
note, all of these studies were done at a time of
significantly decreased chemotherapeutic inten-
sity making it unclear as to their generalizability
with modern therapeutic protocols.

16.7.4 Inactivated Poliovirus

The risk of polio is negligible due to the near
worldwide eradication of the virus. Only one rel-
evant study by Ogra et al. (1971) could be found,
comparing antibody response in patients with
leukemia, solid tumors and healthy controls.
Response in healthy controls and solid tumor
patients was similar while those with leukemia
had a blunted response. Again, due to the age of
this study, the generalizability to modern thera-
peutic protocols is unknown. Of note, oral polio-
virus (OPV) is contraindicated.

16.7.5 Influenza

16.7.5.1 Inactivated Influenza Vaccine

Although in a Cochrane review Goossen et al.
(2009) conclude that there is a paucity of well
designed randomized controlled trials to define
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whether influenza vaccination in children with
malignancy during therapy is beneficial consider-
ing their blunted response to vaccination, no
significant adverse effects were seen in the stud-
ies reviewed, and the general consensus is that
the benefit of vaccination outweighs cost and any
other potential risks, even if seroresponse is
blunted (Centers for Disease Control and
Prevention 1993; Sung et al. 2001; Royal College
of Paediatrics and Child Health 2002; Allen
2007; Esposito et al. 2009, 2010a; Ruggiero et al.
2011; Kersun et al. 2013a).

Multiple small studies have analyzed response
to influenza vaccination, mainly during mainte-
nance of ALL therapy and reviewed by Esposito
et al. (2009) and Kersun et al. (2013a) (Allison
et al. 1977; Sumaya et al. 1977; Ganz et al.
1978; Gross et al. 1978; Smithson et al. 1978;
Lange et al. 1979; Schafer et al. 1979; Steinherz
et al. 1980; Brydak et al. 1996, 1998; Chisholm
et al. 2001; Porter et al. 2004; Matsuzaki et al.
2005; Bektas et al. 2007; Shahgholi et al.
2010; Wong-Chew et al. 2012; Kersun et al.
2013a). In general, the vaccine was well tol-
erated with no serious adverse side effects.
When comparing response for patients receiv-
ing chemotherapy versus patients off therapy
and healthy controls, rate of seroconversion
was lower in patients still receiving therapy.
Additionally, response in patients with solid
tumors was more similar to patients off therapy
and healthy controls. Kersun et al. (2013b)
showed that ALL patients vaccinated during
induction had an improved response compared
to patients receiving the vaccine post-induction
or in maintenance. Timing of immunization
during an ALL maintenance cycle has not been
studied to determine if the rate of response
is improved when the vaccine is given sepa-
rated from a 5-day steroid pulse. Additionally,
patients are recommended to receive a two-shot
series their first year of immunization and sub-
sequently one annual shot. It is unclear if there
would be additional benefit by continuing with
a yearly two-shot series or increased dose while
immunocompromised.

16.7.5.2 2009 H1N1 Pandemic Vaccine
Seven studies have reported on efficacy of the
2009 HINI1 pandemic influenza vaccine (Bate
et al. 2010b; Cheng et al. 2011; Yen et al. 2011;
Hakim et al. 2012; Shahin et al. 2012; Leahy
et al. 2013; Mavinkurve-Groothuis et al. 2013).
In general, response rates were increased after
two doses of vaccine in those patients with solid
tumors and in those not receiving treatment. For
a mixed pediatric oncology cohort, seroresponse
ranged from 25.6-100 % (Bate et al. 2010b;
Cheng et al. 2011; Yen et al. 2011; Hakim et al.
2012; Leahy et al. 2013; Mavinkurve-Groothuis
et al. 2013). Absolute lymphocyte counts greater
than the upper limit of normal for age (or >1.0-
1.5 x 10°/L depending on the study) were a sig-
nificant factor in antibody response in three
studies (Yen et al. 2011; Hakim et al. 2012;
Mavinkurve-Groothuis et al. 2013). Leahy et al.
(2013) showed significantly improved seroposi-
tivity in children who received the higher 0.5 mL
dose on univariate but not multivariate analysis.
No severe adverse reactions were noted in any of
the studies. As with the annual trivalent influenza
vaccine, clear data as to the most efficacious tim-
ing of immunization during ALL therapy, appro-
priate dose and the need for one versus two doses
of vaccine are lacking although repeated, higher
doses appear most effective.

16.7.5.3 Live Attenuated Influenza
Vaccine

Two studies have been completed to measure sero-
response and safety of the live attenuated influ-
enza vaccine (LAIV) in immunocompromised
patients (Carr et al. 2011; Halasa et al. 2011).
Halasa et al. (2011) conducted a small pilot study
on the safety and immunogenicity of LAIV in
mild to moderately immunocompromised chil-
dren with cancer. Children with severe immunode-
ficiency as defined by an absolute neutrophil count
(ANC) <0.5x 10%/L, concurrent high-dose steroid
usage (>2 mg/kg/day) or CD4+ T-lymphocyte
percentage <15 % were excluded. The ten patients
with hematologic malignancies and solid tumors
who were immunized did not have any serious
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adverse events or an excessive period of viral
shedding. Immunogenicity ranged from 33-44 %
depending on the assay utilized. Carr et al. (2011)
compared seroresponse in 52 children who were
mild to moderately immunocompromised and ran-
domly assigned to LAIV or inactivated vaccine.
Seroprotection was found to be greater to influ-
enza A strains with the inactivated vaccine. No
difference was seen in seroprotection to influenza
B. No serious adverse events were noted; specifi-
cally, viral shedding was not increased with the
live attenuated vaccine. With limited safety data
and no evidence of increased immunogenicity
with LAIV, this form of the influenza vaccine
remains relatively contraindicated in pediatric
oncology patients.

16.7.6 Hepatitis B Virus Vaccine

In areas of high prevalence, especially East Asia
and lower-income countries, the risk of HBV
transmission during chemotherapeutic regimens
is significant and therefore vaccination in these
settings should be strongly considered (Somjee
et al. 1999; Meral et al. 2000; Sevinir et al. 2003;
Yetgin et al. 2007). Multiple studies using differ-
ent vaccination schedules, a combination of pas-
sive and active immunization, and significant
difference in transmission risk are present in the
literature (Berberoglu et al. 1995; Hovi et al.
1995; Kavakli et al. 1996; Goyal et al. 1998;
Somjee et al. 1999; Meral et al. 2000; Yetgin
et al. 2001; Somjee et al. 2002; Koksal et al.
2007; Yetgin et al. 2007; Baytan et al. 2008). The
lowest rate of HBV transmission appears to be
in those patients that receive a combination of
passive and active immunization although the
cost-effectiveness of this approach is question-
able (Kavakli et al. 1996; Meral et al. 2000;
Somjee et al. 2002). For seronegative patients
with ALL in maintenance, seroconversion rates
ranged from 35.1-62.5 % after a 2-5 shot HBV
series (Yetgin et al. 2001, 2007; Baytan et al.
2008). Although HBV transmission still occurs
in those that are immunized during therapy,

Yetgin et al. (2007) showed that infection was
significantly decreased compared to unvacci-
nated patients, even if seroconversion did not
occur. Additional studies among pediatric oncol-
ogy patients with variable timing of immuniza-
tion and vaccination schedules showed a
seroconversion rate of 50-78 % (Berberoglu
et al. 1995; Hovi et al. 1995; Koksal et al. 2007).
Hovi et al. (1995) studied 165 pediatric oncology
patients; of the 51 on therapy, 67 % responded to
a three-dose immunization schedule as compared
to a 97 % seroresponse in the 114 off therapy.
HBV immunization is important in settings out-
side of the United States and Western Europe
where risk of transmission during therapy is high,
although firm recommendations on the optimal
timing and schedule of vaccination cannot be
made based on the studies to date.

16.7.7 Meningococcal Conjugate
Vaccine

The risk of meningococcus in immunocompro-
mised pediatric oncology patients is unknown.
Yu et al. (2007) studied vaccine response to
protein-conjugated meningococcal C vaccine in
25 children with ALL and found improved
response in those vaccinated 3 months after the
completion of chemotherapy as compared to
those in maintenance therapy (4 of 15 responders
in maintenance versus 9 of 10 responders after
chemotherapy completion).

16.7.8 Varicella Zoster Virus

Due to the herd immunity provided by routine
varicella vaccination, especially in North America,
guidelines for immunization during ALL mainte-
nance have changed, and immunization is no lon-
ger recommended in these settings (Centers for
Disease Control and Prevention 2007; American
Academy of Pediatrics 2012c; Caniza et al.
2012). However, varicella immunization should
still be a consideration in higher-risk populations,
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especially lower-income countries and, potentially,
those higher income countries without universal
varicella vaccination campaigns (Levin 2008;
Esposito et al. 2010a).

Sartori (2004) provides an excellent review of
varicella vaccination in immunocompromised
patients. Early studies of the efficacy and safety
of live attenuated varicella vaccine in children
with acute leukemia were done in Japan with fur-
ther safety data in the United States (Gershon
et al. 1984; Takahashi et al. 1985; Gershon
et al. 1986; Gershon and Steinberg 1989).

In their initial study, Gershon et al. (1984)
showed the safety of live attenuated varicella vac-
cination when given to children with ALL that were
in continuous clinical remission for 1 year, had
a lymphocyte count >0.7x10°L, an IgG level
>100 mg/dL, responded to at least one mitogen,
and had all chemotherapy suspended for 1 week
before and after vaccination. Seroresponse was
80 % after one dose of VZV. Rash was the only
side effect which also increased seroconversion as
well as the chance of transmission. Vaccination
was quite protective, decreasing rate of infection
after exposure to 18 % from an expected 90 % and
also presenting as mild disease in those with clini-
cal illness after exposure. A follow-up study by the
same group with a larger cohort showed 88 %
seroconversion after one dose of vaccination and
98 % seroconversion after two doses with no nota-
ble serious adverse events (Gershon and Steinberg
1989). Multiple other small studies have shown
similar results with no serious adverse events
(Heath and Malpas 1985; Ninane et al. 1985;
Heath et al. 1987; Ecevit et al. 1996; Cakir et al.
2012).

A recent case report by Schrauder et al. (2007)
on a child with ALL who developed fulminant
varicella infection 32 days after varicella vacci-
nation deserves mention. Vaccination was given
with an interruption in chemotherapy, 1 week
prior and 1 week after, but was given 5 months
after complete remission had been achieved and
prior to intensive reinduction chemotherapy, not
in accordance with the stringent guidelines set
forth by Takahashi et al. (1985) and Gershon
et al. (1984, 1986; Gershon and Steinberg 1989).
Based on their case, the authors recommend
waiting at least 9 months after all therapy

completion (including maintenance chemother-
apy) prior to administering varicella vaccination.
Their recommendation is not supported by the
existing literature but does emphasize the care
and attention that is necessary when administer-
ing this live attenuated vaccine to children that
remain immunocompromised (Centers for
Disease Control and Prevention 2007).

16.8 Recommendations
for Vaccination After
Chemotherapy Completion

Immune reconstitution is variable after the com-
pletion of chemotherapy leading to inconsistent
guidelines for (re)vaccination. Among the pub-
lished guidelines, four authors recommend com-
mencing (re)vaccination 3 months after therapy
completion (Centers for Disease Control and
Prevention 1993; Sung et al. 2001; Allen 2007
Esposito et al. 2010a). For three of the four
authors, this recommendation is inclusive of live
viral vaccines (Centers for Disease Control and
Prevention 2007). Esposito et al. (2010a) recom-
mend waiting 6 months for live vaccines. The UK
guidelines (Royal College of Paediatrics and
Child Health 2002) recommend waiting 6 months
for all vaccinations while Ruggiero et al. (2011)
recommend waiting 6 months for inactivated/
killed vaccines and measles but 12 months for
VZV. Fioredda et al. (2005) also recommend
waiting 6 months after therapy completion.
Guidelines are unclear in regard to children that
interrupted their primary immunization series
(Esposito et al. 2010a; Ruggiero et al. 2011).
Based on their review, van Tilburg et al. (2012)
conclude that although revaccination is important,
further study is still required to determine what
the appropriate immunizations are, depending on
the local herd immunity and risk for vaccine-
preventable disease after chemotherapy. They do
feel based on their review that 3 months after the
completion of therapy is a good time point to
begin the evaluatory process. Whether the evalu-
atory process should include pre- and/or post-
immunization titers is also unclear; additionally
there is a significant associated cost with such a
strategy and seroprotection may not always
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equate with seropositivity by antibody level. The
main factors that must be considered are mini-
mizing the period of risk to the patient while bal-
ancing the risk for lack of seroconversion with
premature immunization. Risk of vaccine-related
infection from live viral vaccination seems less of
a concern after therapy completion since patients
can safely be immunized with varicella during
ALL maintenance. For influenza, Esposito et al.
(2010b) show that the biggest risk to pediatric
patients with malignancy is during treatment and
6 months after the completion of therapy (includ-
ing risk of infection and hospitalization). Beyond
this point, risk becomes similar to the general
pediatric population.

Based on the UK guidelines as outlined in the
Royal College of Paediatrics and Child Health
(RCPCH) best practice statement from 2002,
Patel et al. (2007) enrolled 59 children with a his-
tory of leukemia >6 months after chemotherapy
completion for revaccination. They found the
large majority who were deficient achieved opti-
mal antibody concentrations that persisted when
rechecked 12 months after immunization. Based
on their results they recommend following the
RCPCH timing for booster vaccination. Of their
studied vaccinations, inactivated poliovirus vac-
cine was the least immunogenic (HBV was not
part of the study) but seroconversion rates were
similar to published response in healthy indivi-
duals. Treatment intensity was not significantly
associated with seroresponse. Similar rates of
seroconversion are plausible with earlier vaccina-
tion as well; thus, 3 months post the completion of
therapy is recommended by several authors based
on their data (Lehrnbecher et al. 2009; Zengin and
Sarper 2009). Large, randomized controlled trial
data are lacking to make firm recommendations.

16.9 Active/Passive Immunization
After Disease Exposure

16.9.1 Varicella

Live virus vaccination is contraindicated after
varicella disease exposure (2 days prior to rash or
before all lesions crusted over in contact) in
immunocompromised individuals, although

passive immunization and antivirals may be of
utility. Multiple studies of variable quality have
shown the potential benefit of varicella zoster
immune globulin (VariZIG; VZIG) in immuno-
compromised children, nicely summarized by
Fisher et al. (2011) (Brunell et al. 1972; Gershon
et al. 1974; Judelsohn et al. 1974; Feldman et al.
1975; Evans et al. 1980; Orenstein et al. 1981;
Hanngren et al. 1983; Zaia et al. 1983; Feldman
and Lott 1987). VZIG often will not prevent dis-
ease in immunocompromised patients but has
been shown to decrease disease severity (in most
patients). Efficacy of VZIG has been shown to
decline if given >72 h after exposure; therefore,
previous US recommendations were to adminis-
ter it within 96 h of exposure (Feldman and Lott
1988; American Academy of Pediatrics 2006).
With the potential to attenuate disease even
beyond this 72-96 h window, newer US guide-
lines as well as UK guidelines recommend VZIG
up to 10 days after exposure (Royal College of
Paediatrics and Child Health 2002; American
Academy of Pediatrics 2012c). Due to the lack of
quality studies, VariZIG remains an investiga-
tional agent in the United States and requires
institutional review board approval and comple-
tion of an investigational new drug form. If VZIG
is not available, intravenous immunoglobulin
(IVIG) may be given.

Oral acyclovir antiviral prophylaxis has been
claimed to show benefit in multiple studies, sum-
marized by Fisher et al. (2011) (Ishida et al. 1996;
Goldstein et al. 2000; Martin-Hernandez 2000;
Shinjoh and Takahashi 2009). As with VZIG,
these studies are case reports or nonrandomized
uncontrolled studies. Studies in healthy children
have specifically shown a decrease in disease when
acyclovir is given as a 7-day course starting 1 week
after exposure; efficacy was decreased when pro-
phylaxis was started 3 or 11 days after exposure
(Asano et al. 1993; Suga et al. 1993; Huang et al.
1995; Fisher et al. 2011). Current US guidelines
recommend a 7-day course starting 7-10 days
after exposure, while UK guidelines recommend
a 14-day course starting 7 days after exposure
(Royal College of Paediatrics and Child Health
2002; American Academy of Pediatrics 2012c).
See Table 16.2 for VZIG, IVIG and acyclovir
dosing recommendations. Fisher et al. (2011)
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Table 16.2 Passive immunization after varicella or mea-
sles disease exposure®

Exposure to varicella 2 days prior to rash or before
crusting of all lesions in contact:

If within 4—10 days of exposure:

VZIG 125 units/10 kg for the first 1040 kg; >40 kg,
625 units IM (max 2.5 mL per injection site)

Or
IVIG 400 mg/kg IV
Or

If within 7-10 days of exposure and neither VZIG nor
IVIG administered:

Acyclovir 80 mg/kg/day PO div QID (max dose
800 mg QID), for 7-14 days

Exposure to measles 5 days prior to or 4 days after
onset of rash in contact:

If within 614 days of exposure:
Immunoglobulin 0.5 mL/kg IM (max dose 15 mL; max
3 mL per injection site in children)

Or
IVIG 400 mg/kg IV

VZIG varicella zoster immunoglobulin, /VIG intravenous
immunoglobulin

Adapted from Royal College of Paediatrics and Child
Health (2002), American Academy of Pediatrics (2012b, c)
aSee text for details; level of evidence 1C per Guyatt et al.
(2006); see Preface

comment in their review that a formal compari-
son between VZIG and acyclovir is lacking.

16.9.2 Measles

Measles immunization is contraindicated after
measles exposure in immunocompromised
patients. Passive immunization with immunoglob-
ulin (Ig) should be utilized especially with viro-
logic confirmation of exposure and exposure
occurring 5 days prior to and up to 4 days after the
onset of rash in the infectious contact. Ig may be
given either intramuscularly or intravenously,
especially if thrombocytopenic. Ideally passive
prophylaxis should be given within 72 h of expo-
sure; US guidelines recommend Ig up to 6 days
after exposure, UK guidelines up to 14 days after
contact (Royal College of Paediatrics and Child
Health 2002; American Academy of Pediatrics
2012b). See Table 16.2 for dosing. Of note, a
washout period after any immunoglobulin product
(and blood products) is required prior to

administration of measles vaccination. In the pre-
viously immunocompromised patient, MMR
should be given a minimum of 6 months after Ig
(American Academy of Pediatrics 2012b). In set-
tings without Ig availability, early initiation of rib-
avirin for the treatment or postexposure prophylaxis
of measles can be considered (Moulik et al. 2013).

16.10 Treatment
of Hypogammaglobulinemia
During Chemotherapy

The impact of low immunoglobulin levels on the
risk of infectious sequelae during chemotherapy
has not been well characterized. Although van
Tilburg et al. (2012) showed that IgG levels were
significantly lower in ALL patients receiving more
intensive therapy and these patients also suffered
more infectious complications, this fact could not
be directly correlated to IgG levels. Kovacs et al.
(2008) analyzed 88 children 1 year after the com-
pletion of chemotherapeutic regimens for malig-
nancies. Leukemia patients suffered a statistically
increased number of febrile episodes as compared
to solid tumor patients, although this did not cor-
relate with immunoglobulin levels. Similarly, solid
tumor patients with low immunoglobulin levels
suffered more febrile episodes than those with nor-
mal Ig levels, but not to the point of statistical sig-
nificance. Multiple consensus statements on the
use of IVIG do not include routine use in acquired
hypogammaglobulinemia due to chemotherapy
(Hemming 2001; Orange et al. 2006; Robinson
et al. 2007). In a Canadian consensus statement,
Robinson et al. (2007) note that IVIG is often a
part of oncologic study protocols (though not
evidence-based) and may also be considered in
patients with a history of severe invasive infection
or recurrent sinopulmonary infection in the setting
of acquired hypogammaglobulinemia.

16.11 Vaccination of Household
Contacts

Minimizing the risk of exposure in immunocom-
promised patients to vaccine-preventable diseases
by immunization of household contacts is a vital
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Table 16.3 Vaccination recommendations in household
contacts of immunocompromised patients®

Vaccines that should be routinely given®

Yearly inactivated influenza vaccine

Live attenuated varicella vaccine in susceptible
individuals

Rotavirus vaccine per routine schedule

All inactivated/killed vaccines and measles-mumps-
rubella per routine schedule

Vaccines that are contraindicated
Live attenuated influenza vaccine
Oral poliovirus vaccine
Smallpox vaccine

Adapted from Centers for Disease Control and Prevention
(1993), American Academy of Pediatrics (2012a)

*Level of evidence 1C per Guyatt et al. (2006); see Preface
"Live attenuated yellow fever vaccine may be given if
necessary; unclear evidence for BCG and oral typhoid in
high-risk settings

aspect of supportive care (Table 16.3). As dis-
cussed, immunogenicity to vaccine-preventable
disease will be blunted during the period of high-
est risk; thus, minimizing any potential infectious
contacts is more important than vaccine guide-
lines in those receiving therapy. Immunization of
healthcare workers is therefore also important
and summarized in Chap. 14. Live virus vaccines
including measles-mumps-rubella, rotavirus and
varicella have all been deemed safe due to the
minimal risk of disease spread. Oral poliovirus
vaccine is contraindicated and live attenuated
influenza vaccine is relatively contraindicated
(American Academy of Pediatrics 2012a).
Household contacts should receive yearly inacti-
vated influenza vaccine and young, susceptible
contacts should be immunized against varicella.
Vaccinees who develop a postvaccination rash
should be separated from susceptible individuals
due to the theoretical risk of infection transmis-
sion (Hughes et al. 1994; LaRussa et al. 1997;
Chaves et al. 2008; Galea et al. 2008). However,
no transmission of vaccine strain varicella has
been reported to immunocompromised patients
in the United States after 55 million doses of vac-
cine have been given (Chaves et al. 2008; Galea
et al. 2008). Outside of the United States, in coun-
tries without national varicella vaccination pro-
grams, immunization of household contacts has
been problematic due to concerns of safety as

well as a lack of identification by pediatric oncol-
ogists (Timitilli et al. 2008; Fisher et al. 2011).

16.12 Summary

Much is yet to be understood in regard to the pace
of immune recovery after current chemotherapeutic
regimens due to the lack of large, prospective stud-
ies. Likely, due to multifactorial reasons, the tempo
will be variable when considering the array of ages,
diagnoses and treatment regimens employed in
pediatric oncology. In settings with expansive vac-
cine programs, immunocompromised children will
be well protected from vaccine-preventable dis-
eases due to herd immunity. In high-prevalence set-
tings, vaccination during chemotherapy and periods
of risk is more vital and further study is required as
to the optimal timing and safety of such recommen-
dations. (Re)vaccination after chemotherapy is
important although the optimal timing and extent of
(re)immunization is unclear. Large, randomized
controlled trials are required to make firm deci-
sions. Patients should be offered booster immuni-
zation 3-6 months after therapy completion by
either the pediatric oncologist or in concert with the
general pediatrician. Prevention of exposure by
stringent vaccination of household contacts and
treatment of exposure with passive immunization
are also important aspects of supportive care in
regard to vaccine-preventable disease.
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