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Abstract

Autologous and allogeneic bone marrow transplantation (BMT) re-
cipients lose immune memory of exposure to infectious agents and
vaccines accumulated through a lifetime and therefore need to be
revaccinated. Diphtheria toxoid, tetanus toxoid, pertussis vaccine
(children <7 years old), Haemophilus influenzae type b conjugate, 23-
valent pneumococcal polysaccharide, inactivated influenza vaccine,
inactivated polio vaccine and live-attenuated measles-mumps-rubella
vaccine are the currently recommended vaccines to be included in a
vaccination program after BMT. For most of them, the best time to
vaccinate, the number of vaccine doses and/or the duration of immu-
nity after vaccination have not been established. Vaccination proto-
cols vary greatly among BMT centers, suggesting that the lack of
sufficient data has not permitted the formulation of reliable recom-
mendations. The use of other vaccines and the perspectives for differ-
ent vaccination protocols are analyzed in this review.
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Introduction

The conditioning regimen used in mar-
row graft recipients ablates normal and ab-
normal immunohematopoietic elements and
prepares the marrow microenvironment for
the donor marrow to develop. The repop-
ulation of the immune system is dependent
on appropriate nesting, proliferation, matu-
ration and differentiation of donor cells (1).
Ultimately, the recipients lose immune
memory of exposure to infectious agents and
vaccines accumulated throughout their lives.

The loss of protective immunity to agents
such as tetanus, poliovirus, and measles has
been consistently demonstrated in patients

submitted to allogeneic and autologous bone
marrow transplantation (BMT), and conse-
quently a reimmunization program is neces-
sary to ensure immunity (2-5). Several sur-
veys regarding reimmunization after BMT
have demonstrated that vaccination proto-
cols vary greatly among BMT centers, with
insufficient data to establish solid recom-
mendations (6-9).

The European Group for Blood and Mar-
row Transplantation, the Centers for Disease
Control and Prevention, the Infectious Dis-
ease Society of America, and the American
Society of Blood and Marrow Transplanta-
tion have recommended that the following
vaccines be included in reimmunization pro-
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tocols for autologous, syngeneic and alloge-
neic BMT recipients: diphtheria toxoid, teta-
nus toxoid, pertussis vaccine (children <7
years old), Haemophilus influenzae type b
(Hib) conjugate, 23-valent pneumococcal
polysaccharide, inactivated influenza vac-
cine, inactivated polio vaccine and live-at-
tenuated measles-mumps-rubella vaccine
(10).

The present paper reviews the current
recommendations and highlights the topics
that deserve further investigation (Table 1).

Vaccines currently recommended in
reimmunization protocols

Diphtheria toxoid

Immunity to diphtheria wanes over time.
Lum et al. (11) showed that while 100% of
the BMT patients with immune donors had
antibodies to diphtheria within the first 100
days after transplantation, about 30% of them
lost immunity thereafter. Increasing suscep-
tibility (up to 40%) was noticed in those with
chronic graft-versus-host disease (GVHD).
Other investigators evaluating long-term
diphtheria immunity showed that only 54.5%
of the patients still had antibodies to diph-
theria with barely protective antitoxin levels
one year after BMT (12).

There is evidence that multiple doses are
more effective than a single dose in alloge-
neic recipients without chronic GVHD vac-

cinated 2 to 6 years after BMT (13).
Chronic GVHD seems to interfere with

the response to vaccination 4 months after
BMT (9). Although diphtheria vaccination
starting one year after transplantation has
been mostly recommended, no definitive data
are available concerning the best time to
start vaccination.

Tetanus toxoid

There is contrasting information concern-
ing the persistence of tetanus immunity one
year after BMT. Some investigators have
observed sustained immunity in long-term
allogeneic BMT survivors irrespective of
toxoid administration pre- or post-transplan-
tation (11). On the other hand, Ljungman et
al. (3) observed that only 50% of the patients
who were immune prior to transplantation
sustained tetanus immunity for one year.

More recently, Parkkali et al. (14) also
observed an increasing reduction in the mean
concentration of anti-tetanus antibodies in
this population. In the cited study, the pa-
tients were randomized to start early (6
months) or late (18 months) tetanus reimmu-
nization. Before vaccination, 90% of the
patients in the early group were immune to
tetanus in contrast to 70% in the late group.
Both schedules were equally immunogenic.
However, in the late group, the recipient’s
antibody response after the first and second
vaccine doses was correlated with donor’s
antibody levels, suggesting that donor im-
munity affects recipient response to tetanus
toxoid.

Acute GVHD does not seem to interfere
with the response to tetanus vaccination (14).
Some studies on chronic GVHD did not
show an effect on the response to vaccina-
tion (3), while others suggested that chronic
GVHD may interfere with the intensity of
the response (below four-fold rises) or with
the duration of tetanus immunity after vacci-
nation (11,14). Although most BMT centers
start tetanus immunization one year after

Table 1. Recommended immunizations after bone marrow transplantation (BMT).

Vaccines Time after BMT No. of doses Vaccine type

Tetanus and diphtheria After 4 months* 3 doses Toxoid
H. influenzae After 4 months* 2 doses Conjugate polysaccharide
Polio After 4 months* 3 doses Inactivated virus
Pneumococcal After 12 months 1 dose? Polysaccharide
Hepatitis B After 4 months* 3 doses Recombinant
Influenza Yearly 1 dose/year Inactivated virus
MMR After 2 years 1 dose? Attenuated virus

MMR = measles, mumps and rubella.
*Evidence recommends an early start.
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transplantation, currently available informa-
tion does not justify postponing tetanus im-
munization for more than 6 months after
BMT (14).

The correlation of donor antibody levels
with the response to tetanus vaccination in-
dicates that prospective studies randomly
vaccinating the donors before marrow har-
vesting should be conducted in this setting to
better evaluate the need for donor vaccina-
tion in reimmunization programs.

Pneumococcal polysaccharide

BMT recipients are particularly at risk to
develop life-threatening pneumococcal in-
fections due to functional hyposplenism as a
result of pre-transplant total body irradiation
and chronic GVHD.

The currently available pneumococcal
vaccines are the 14- and 23-valent polysac-
charide vaccines and the 7-valent conjugate
vaccine. The polysaccharide vaccines con-
tain only pure polysaccharides and require
mature function of the immune system for a
maximal response. The vaccines are there-
fore poorly immunogenic in transplant popu-
lations. Moreover, the polysaccharide vac-
cine does not cover 20% of the commonly
pathogenic strains and immunized patients
remain susceptible to them (9).

Evaluating a 14-valent pneumococcal
vaccine in allogeneic BMT patients, Win-
ston et al. (15) observed that pre- and post-
vaccination levels were significantly lower
in BMT recipients compared to normal con-
trol subjects. Multiple regression analysis
showed that vaccination within the early
post-transplant period and corticosteroid
therapy of GVHD were the two factors influ-
encing the antibody response.

Other investigators have also observed
decreasing pneumococcal antibody levels
over the first year after BMT and a poor
antibody response to a 23-valent pneumo-
coccal vaccine (16-19).

Little information is available regarding

the impact of GVHD on the response to the
pneumococcal vaccine since even non-
GVHD patients are poor responders. Immu-
nization of the donors before marrow har-
vesting did not influence the level of specific
antibodies one year or more after transplan-
tation (16,20).

The data from most of the pneumococcal
vaccine studies suggest that the key factor
affecting response is possibly time to vacci-
nation and consequently vaccination should
be recommended after the second year of
transplantation or even later (15,21). How-
ever, impaired serum opsonic activity is ex-
pected during the first year after transplanta-
tion when life-threatening pneumococcal
infections pose a greater risk. Thus, the cur-
rently available vaccine is not of substantial
additional help in preventing pneumococcal
infection during the first year post-trans-
plant.

Long-term survivors without chronic
GVHD are at lower risk for pneumococcal
infection and probably only a few of them
would benefit from vaccination. Among
chronic GVHD patients, the use of cortico-
steroids affects their response to vaccina-
tion, rendering this strategy at least question-
able.

The benefit of the new 7-valent pneumo-
coccal conjugate vaccine has been recently
investigated in allogeneic hematopoietic cell
transplantation. Donors were randomized to
receive or not one dose of the conjugate
vaccine 7 to 10 days before transplantation.
The recipients received three doses of the
vaccine at 3, 6 and 12 months after BMT.
Protective immunity was achieved earlier in
patients whose donors had been vaccinated,
but after the three doses of the vaccine,
protective immunity was similar in the two
groups (22).

More studies are needed to better evalu-
ate the effectiveness of the conjugate vac-
cine in BMT recipients. Due to the limited
coverage of pneumococcal pathogenic strains
by the 7-valent conjugate vaccine, prolonged
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prophylactic oral penicillin should be asso-
ciated with the vaccination to prevent pneu-
mococcal infection after BMT.

Haemophilus influenzae type b conjugate

Polysaccharide vaccines were not suffi-
ciently immunogenic to the immature im-
mune system of children and the preliminary
results of Hib vaccination were disappoint-
ing. A new generation of polysaccharide-
protein conjugated vaccines was developed
and proved to be more immunogenic in chil-
dren and also in BMT patients. The polysac-
charide antigen is conjugated to a protein
such as tetanus or diphtheria toxoid or both.
Data from Hib vaccination studies in BMT
patients have demonstrated that at least two
doses of the conjugated vaccine are neces-
sary to ensure protective antibody levels
(23,24). Comparing multiple Hib vaccina-
tion schedules after BMT, Vance et al. (24)
observed that protective levels were achieved
after the third or second dose of Hib vaccine
in patients starting immunization at 3 or 6
months after BMT, respectively.

Parkkali et al. (18), using a single dose of
diphtheria conjugated Hib vaccine in 45 BMT
recipients randomized to start vaccination at
6 or 18 months, observed that both schedules
were equally immunogenic. Since the great-
est risk for infection by encapsulated bacte-
ria occurs during the first 2 years after BMT,
early-start schedules should be preferred in
this setting.

Donor and recipient immunization with
Hib vaccine before BMT proved to be more
effective than recipient vaccination after
BMT as demonstrated by a higher antibody
concentration in patients as early as 3 months
post-transplantation (20).

Other investigators showed that between
4 and 18 months after BMT the response to
Hib vaccination did not correlate with
GVHD, use of immunosuppressive drugs or
time to vaccination (25).

The results of these studies indicate that

at least two doses of Hib-conjugated vaccine
can be administered safely and effectively as
early as 4 months after BMT. The impact of
donor immunization before marrow harvest-
ing on the appearance of protective antibody
levels soon after BMT must be confirmed in
larger, prospective, randomized trials before
being widely recommended.

Poliovirus vaccine

Immunity to polio is progressively lost
after BMT. Immunocompromised patients
and their household contacts should not re-
ceive live-attenuated oral poliovirus vaccine.
Thus, inactivated poliovirus vaccine (IPV) is
recommended after transplantation.

Ljungman et al. (4) demonstrated that
50% of the patients lost immunity to all three
poliovirus types one year after BMT. Pa-
tients who received three IPV doses 12, 13
and 14 months after BMT had significantly
higher specific antibody titers one year later
in comparison to patients who received only
one dose. GVHD did not interfere with the
response to vaccination when the three-dose
regimen was adopted. Other investigators
have observed similar findings (26).

More recently, Parkkali et al. (27) com-
pared the response to poliovirus vaccination
in 45 patients randomized to receive IPV at
6, 8 and 14 months (early group) after BMT
or at 18, 20 and 26 months (late group). Both
schedules were similarly immunogenic.
Acute GVHD accelerated the decrease of
poliovirus antibody titers before vaccination
but did not interfere with the response to
IPV. Chronic GVHD did not influence the
duration of polio immunity or the response
to vaccination. These data suggest that po-
liovirus immunization also does not need to
be postponed for more than 6 months after
BMT.

Measles vaccine

Immunity to measles decreases continu-
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ously after BMT (2,28). Although severe
measles is expected to occur in immuno-
compromised patients, there are only two
reports in the literature of measles following
transplantation (5,29).

Probabilities of measles immunity of
about 47, 27 and 20% have been reported 3,
5 and 7 years after BMT, respectively (30).
Among non-vaccinated BMT recipients,
Machado et al. (5) observed that 36.6% were
susceptible to measles between the first and
second year after BMT and this rate in-
creased to 57.7% after the second year. Type
of BMT (allo or auto), acute or chronic
GVHD and the use of immunosuppressive
drugs did not influence the persistence of
immunity in that series.

The live-attenuated trivalent measles-
mumps-rubella vaccine has been adminis-
tered safely and effectively after the second
year of transplantation. Its use has been rec-
ommended only in patients not receiving
immunosuppressive drugs (2,7,9,10). How-
ever, the duration of measles immunity after
vaccination and the need for booster doses
deserve further investigation in this popula-
tion.

Among vaccinated patients, Machado et
al. (5) observed that 70% had lost measles
immunity 3 years after vaccination, suggest-
ing that serological surveillance to check for
immunity should be performed in long-term
survivors (Table 2). Moreover, the value and
the frequency of booster doses of the vac-
cine should be better investigated in patients
who lost measles immunity.

It is important to stress that although
most of the recommendations for BMT re-
cipient vaccination are independent of where
in the world the patient lives, there are local
variations in the scenario of infections that
must be taken into account and adjustments
in official guidelines are strongly recom-
mended (31). For example, in 1997, hun-
dreds of BMT recipients were exposed to
measles when more than 20,000 cases of
measles were diagnosed during an outbreak

in the city of São Paulo, Brazil. Eight pa-
tients acquired measles and early measles
vaccination was the strategy used to avoid
the appearance of new measles cases among
the patients who had lost specific immunity
(5).

To evaluate the safety and effectiveness
of this strategy, live-attenuated measles-
mumps-rubella vaccine was administered one
year after BMT to all patients, even those
receiving immunosuppressive drugs. No
moderate or severe side effect was noted and
all susceptible patients responded to vacci-
nation. The probability of sustained immu-
nity was 60.2% two years after early vacci-
nation (32). Thus, this strategy can be safely
used during outbreaks in countries that have
not achieved measles elimination.

Influenza vaccine

Few data are available concerning influ-
enza vaccination after bone marrow trans-
plantation. Engelhard et al. (33) vaccinated
48 patients with two doses of influenza vac-
cine administered 2 to 82 months after BMT.
Vaccination before the sixth month was to-
tally ineffective and the second dose did not
add substantial benefit in terms of specific
response and its indication is therefore ques-
tionable.

Preliminary results of a study evaluating
the use of granulocyte-macrophage colony-
stimulating factor (2.5 µg/kg) as an immuno-
modulating factor to enhance the response to

Table 2. Long-term immunity after measles vacci-
nation in bone marrow transplant recipients.

Measles Years after vaccination (%) Total
immunity

<3 years ≥3 years

Susceptible 6 (27.3) 7 (70) 13
Immune 16 (72.7) 3 (30) 19
Total 22 (100) 10 (100) 32

Data taken from Ref. 5.
P = 0.049 comparing immune status according to
time after vaccination (chi-square test).
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influenza vaccination showed a limited ben-
efit, mostly in those vaccinated before the
first year after BMT. Since side effects were
not negligible, its use deserves further inves-
tigation (34).

Other vaccines and perspectives

Varicella vaccine

No data are available concerning the
safety and effectiveness of live-attenuated
varicella vaccine before the first year of
transplantation, when the risk of varicella-
zoster virus (VZV) reactivation is higher.
Sauerberi et al. (35) did not observe any case
of chickenpox or herpes zoster for up to 2
years after vaccination in 15 patients who
received one dose of VZV vaccine 12 to 23
months after BMT. These data are difficult
to interpret since the occurrence of zoster is
expected around the sixth month after trans-
plantation and the risk of a second episode is
less than 5% in this population. Thus, few
patients would be really “at risk” after the
first year of transplantation and the benefit
of late vaccination would be minimal.

Redman et al. (36) heat-inactivated the
live-attenuated vaccine and observed dimin-
ished clinical severity of zoster in patients
who received three doses of the inactivated
vaccine 1, 2 and 3 months after BMT. These
data suggested that the process of inactiva-
tion did not eliminate the immunogenicity of
the vaccine, which apparently conferred some
protection. Based on this observation, Hata
et al. (37) recently demonstrated that four
doses of the inactivated varicella vaccine
given before hematopoietic cell transplanta-
tion and during the first 90 days thereafter (1
dose at +30, +60 and +90) reduced the risk of
zoster in autologous BMT recipients. The
protection was correlated with the reconsti-
tution of CD4 T cell immunity against VZV.

The safety and effectiveness of the at-
tenuated varicella vaccine administered to
recipients during the first 6 months after

autologous and allogeneic BMT remain to
be demonstrated in controlled trials.

Hepatitis B and A vaccines

Other licensed vaccines such as those
against hepatitis B and hepatitis A have been
recommended on an individual basis.

Hepatitis B vaccine has been recom-
mended after the first year of BMT in coun-
tries where the infection is common and
children are routinely immunized against
hepatitis B.

In the setting of BMT, hepatitis B vac-
cine has been evaluated in different circum-
stances: to immunize susceptible patients
after transplantation and also to adoptively
transfer hepatitis B immunity through vacci-
nation of the donors before marrow harvest-
ing. Surprisingly, few data are available con-
cerning the effectiveness of hepatitis B vac-
cine in BMT recipients and the duration of
immunity after vaccination.

Nagler et al. (38) observed seroconver-
sion rates of about 70% within 40 days of
transplantation in autologous BMT recipi-
ents receiving a single dose of hepatitis B
vaccine immediately before or after trans-
plantation. Transient seroconversion was
seen in about 35% of the patients.

Ilan et al. (39) demonstrated transfer of
hepatitis B immunity in the first 45 days of
transplantation from donors vaccinated be-
fore marrow harvesting.

Adopting the classical vaccination sched-
ule proposed for immunocompetent hosts,
Machado et al. (40) observed 100% serocon-
version in 50 patients vaccinated after the
first year of BMT. However, one year after
vaccination nearly 60% of the patients had
lost hepatitis B immunity. Sustained immu-
nity was more likely to occur in children and
in subjects without chronic GVHD. Interest-
ingly, time to vaccination did not influence
the response to vaccination or the duration
of immunity, suggesting that no benefit is
added by postponing hepatitis B vaccination
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after the first year of BMT.
There are no data on the use of inacti-

vated hepatitis A vaccine in transplant re-
cipients. Considering the efficacy of the vac-
cine in healthy subjects and the recommen-
dation of vaccination to travelers to endemic

areas (41), studies evaluating the safety and
effectiveness of hepatitis A vaccine would
be of great importance in this population.
Children submitted to BMT and recipients
traveling to such areas would benefit from
hepatitis A vaccination.
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