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Antibody titers to vaccine-preventable diseases such as tetanus, polio, measles, mumps, and rubella decline within 1-10 years
after allogeneic or autologous hematopoietic stem cell transplantation (SCT) if the recipient is not vaccinated. Vaccine-prevent-
able diseases such as pneumococcal diseases, Haemophilus influenzae type b infections, influenza, measles, and varicella can
pose an increased risk for SCT recipients. Therefore, after SCT, the recipients should be routinely revaccinated. Vaccination rec-
ommendations have previously been developed and published by the European Group of Blood and Marrow Transplantation
and the Centers for Disease Control, by the Infectious Diseases Society of America, and by the American Society for Blood and
Marrow Transplantation in 2009. Different epidemiologies and strategies have existed in Korea. In 2012, the Korean Society of
Infectious Diseases published “Vaccination for Adult” describing the guidelines for vaccination, one of the chapters assigned for
vaccination of SCT recipients. The present article reviews the current available vaccination strategies for SCT recipients, their
family members, and healthcare workers, with the focus on recent Korean perspectives.
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Introduction drome, immune deficiency syndrome such as severe com-
bined immunodeficiency or chronic granulomatous disease,

Hematopoietic stem cell transplantation (SCT) is used to  genetic disorders such as glycogen storage diseases or muco-
treat two categories of diseases [1]. The first category consists  polysaccharidoses, and hemoglinopathies such as thalasse-
of non-malignant diseases that result in bone marrow failure ~ mia or sickle cell anemia), in which SCT serves to replace a
syndrome (for example, aplastic anemia, myelodysplastic syn-  failed tissue and organ. The second category includes neo-
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plastic diseases, particularly hematologic malignancies such
as acute and chronic leukemia, lymphoma, multiple myelo-
ma, and myeloproliferative diseases. Transplantation serves
two functions: to facilitate the safe use of cytotoxic therapies
(intensive chemotherapy with or without total body irradia-
tion) by reversing the myelosuppressive or myeloablative ef-
fects of cytotoxic therapy, and to provide immune cells to at-
tack remnant malignancies that express tumor-specific
antigens.

SCT can also be classified as autologous and allogeneic ac-
cording to the donor origin. Techniques for allogeneic SCT
have been developed and diversified according to the source
of stem cells (bone marrow, peripheral blood, cord blood, or
mesenchymal stem cells), the type of donor (sibling, unrelat-
ed, or HLA haploidentical), and the intensity of conditioning
(standard myeloablative or reduced non-myeloablative). Oth-
er supportive methods such as transfusion, colony stimulating
factor treatment, and antibiotics also contribute to improved
survival after SCT [2, 3].

Since the first successful allogeneic SCT was performed in
Korea in 1983, noticeable progress has been achieved [4]. The
numbers of SCT survivors returning to family life, school,
work, and travel has gradually increased. Infectious complica-
tions frequently caused by bacteria, viruses, and fungi vary ac-
cording to the time after SCT and cause significant morbidity
and mortality after SCT. Therefore, it is reasonable to immu-
nize SCT recipients to reduce the risk from vaccine-prevent-
able diseases that may occur during the variable period after
SCT [5-10].

In this article, recent advances and recommendations about
vaccination after SCT are reviewed. Because differences from
western countries exist with regard to the prevalent infectious
diseases, sero-status of the recipients and donors, and the avail-
able vaccines and strategies, Korean perspectives are included.

Immune recovery and responses to vaccine after
SCT

After allogeneic SCT, the immune system of the recipients is
replaced by the immune system of the host. Immunodeficien-
cy is caused by a combination of factors, including pre-condi-
tioning regimen, type of SCT, source of stem cells, donor cell
treatment, graft-versus-host disease (GVHD), and immuno-
suppressants [11].

For a vaccine-derived immune response to be clinically sig-
nificant, post-SCT adaptive T and B cell immunity must have

been at least partially reconstituted. B cell counts usually re-
turn to normal by 3-12 months after SCT [2]. Regardless of the
time to recovery, the newly generated B cells often demon-
strate impaired antigen specific responses because of the lim-
ited capability of naive B cells to undergo somatic mutation
and isotype switching during the first year after SCT. T cell
counts are low in the first 1-3 months after SCT. Thereafter, T
cell recovery, especially the recovery of CD4+ T cells, is influ-
enced by recipient age, manipulation of donor grafts, and the
presence of chronic GVHD. The T cell response to vaccines for
pathogens encountered prior to transplantation can be ob-
served as soon as 1-6 months post-SCT. Antibody responses
to vaccines for pathogens encountered prior to transplanta-
tion can be observed at 6-12 months after SCT. T cell or anti-
body responses to vaccines for pathogens not encountered
prior to transplantation are usually observed later (1 year after
SCT) [2,11].

Chronic GVHD is associated with functional asplenia and
contributes not only to susceptibility to infectious diseases but
also to poor responses to polysaccharide-based vaccines.
GVHD and its treatment interrupt T cell and antibody respons-
es to vaccines. However, recent guidelines have not delayed
vaccination with non-live vaccines in patients with GVHD. In
particular, vaccination against Streptococcus pneumoniae,
Haemophilus influenzae type b, and influenza should be per-
formed in a timely manner because of the high risk of develop-
ing life-threatening infections by these microorganisms [12, 13].
If patients receive prednisolone (> 0.5 mg/kg) as part of a com-
bination immunosuppressive therapy or three immunosup-
pressant agents, vaccination may be postponed until the immu-
nosuppressants dosing is reduced to a double combination or
prednisolone (< 0.5 mg/kg) to achieve a better vaccine re-
sponse. Live attenuated vaccines are contraindicated in pa-
tients with active chronic GVHD [14].

Because no immunosuppressants are given after autologous
SCT, immune reconstitution occurs rapidly, with humoral and
T-cell responses recovering in 3-9 months. Most published
recommendations do not differentiate between allogeneic
and autologous SCT recipients.

Guidelines for vaccination after SCT

The Centers for Disease Control and Prevention (CDC) [15]
and the European Blood and Marrow Transplantation group
(EBMT) [16] published and updated international guidelines
for vaccination of SCT recipients. Although these guidelines
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Table 1. Recommended vaccinations for hematopoietic stem cell transplantation (SCT) recipients by the Korean Society of Infectious Diseases (KSID)
' .|

Time post-SCT to

Vaccine Recommendation level® . Number of doses
Pneumococcal conjugate II 3-6 mon 3-4
Inactivated influenza I 4-6 mon Annually
Tetanus-diphtheria-acelluar pertussis® Tetanus-diphtheria (IT) 6-12 mon 3¢
Pertussis (III)
Haemophilus influenzae type b I 6-12 mon 3
Hepatitis B II 6-12 mon
Hepatitis A 111 6-12 mon 2
Measles-Mumps-Rubella I 24 mon 1-2
Contraindicated if < 24 mon post-SCT,
active GVHD, on immune suppression
Meningococcus II 6-12 mon 1
Inactivated poliovirus I 6-12 mon 3
Chickenpox III 24 mon 1

Contraindicated if < 24 mon post-SCT,
active GVHD, on immune suppression

DTaP, diphtheria-tetanus-reduced acellular pertussis vaccine; GVHD, graft versus host disease; PGV, pneumococcal conjugate vaccine; SCT, hematopoietic stem cell frans-
plantation; Td; tetanus toxoid-reduced diphtheria toxoid vaccine; Tdap, tetanus toxoid-reduced diphtheria toxoid-reduced acellular pertussis vaccine.

“Strength of recommendation: () Very strongly recommended: immunization may reduce mortality and be cost-effective. Most countries recommend the vaccination. (Il)
Strongly recommended: immunization may reduce mortality, but cost-effectiveness is unknown in Korea. Most developed countries recommend the vaccination. (ll) Rec-
ommended: immunization may reduce morbidity rather than mortality. Cost-effectiveness is unknown. (U) Recommended reserved: lack of evidence for recommendation.
*Following the three doses of PCV. a dose of 23-valent polysaccharide pneumococcal vaccine may be given to broaden the covered spectrum (I). In SCT recipients with
chronic GVHD who are likely to respond poorly to polysaccharide vaccine, a fourth PCV should be considered (Ill).

‘DTaP is preferred over Tdap. If only Tdap is available, it can be used.
“Re-immunization with Td or Tdap at least every 10 vears.

differ with regard to the number of recommended doses of
tetanus, polio, and H. influenzae vaccines (2 vs. 3); the num-
ber of doses of pneumococcal polysaccharide vaccines (1 vs.
2); and the time to initiate re-vaccination (6-12 months vs. 12
months) initially, Europe and North America developed up-
dated, unified international guidelines together for autologous
and allogeneic SCT recipients under the auspices of the Cen-
ter for International Blood and Marrow Transplant Research
(CIBMTR), and many associated committee and societies ap-
proved these guidelines [12, 13, 17], which differ from prior
guidelines primarily by the following:

1) inclusion of seven-valent protein conjugate pneumococcal
vaccine (PCV7) in all SCT recipients starting at 3-6 months
post SCT, followed by the 23-valent pneumococcal polysaccha-
ride vaccine (PPV23) in patients without chronic GVHD, and
consideration of a fourth PCV7 in patients with chronic GVHD.

2) addition of recommendations for live varicella vaccine in
selected patient groups starting at 24 months post-SCT
(Varivax is optional, Zostavax is contraindicated).

3) optional use of vaccines licensed since 2005, such as the
tetanus toxoid, reduced diphtheria toxoid, and acellular per-

tussis vaccine for adolescents and adults; the recombinant
human papilloma virus (HPV) vaccine; and the protein conju-
gate meningococcal vaccine.

4) vaccination with inactivated vaccines starting as early as
6 months post-SCT (and earlier for PCV and influenza).

The guidelines were revised based on the 2010 approval of the
13-valent PCV (PCV13) [18]. In 2011, the German-Austrian-
Swiss-Consensus Conference on Clinical Practice in Chronic
GVHD summarized and updated the currently available recom-
mendations with a particular focus on patients suffering from
chronic GVHD [14]. The Korean Society of Infectious Diseases
(KSID) also published guidelines for vaccination after SCT in
the book of “Vaccination for Adult” in 2012 (Table 1) [19].

The currently available guidelines recommend the initiation
of vaccination of all recipients at the same time post-SCT, irre-
spective of the level of immune competence (i.e., type of SCT,
source of stem cells, manipulation of specific cell depletion, or
intensity of conditioning). Vaccine strategies should be varied
according to these critical variables in the future [12-14, 19, 20].
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Recommended vaccines

1. Pneumococcus vaccine

Pneumococcal infections are among the most important
causes of morbidity and mortality after allogeneic SCT be-
cause of functional hyposplenism or decreased production of
Streptococcus pneumoniae-specific opsonizing antibodies as
aresult of pre-conditioning regimens, incomplete immune re-
constitution, and/or chronic GVHD (5, 6, 21-24]. Epidemio-
logical studies have shown that invasive pneumococcal dis-
ease occurs in 590 out of 100,000 and 199 out of 100,000
allogeneic and autologous SCT cases per year, respectively,
compared with 11.5 out of 100,000 age-matched controls [25].

Currently, two types of pneumococcal vaccine are available
in Korea: PCV and PPV23 [26]. PPV23 has the advantage of
covering most circulating serotypes, but it has shown poor re-
sponses in SCT recipients, especially in patients with chronic
GVHD. Neither repeated vaccination nor donor immuniza-
tion improved this response. However, by stimulating T cell-
dependent antibody responses, PCV could be immunogenic
in the setting of incomplete immune reconstitution and may
thus be preferred in SCT recipients [12-14, 20]. Several studies
have shown a response of 60-74% with PCV7. In 2009, Cor-
donnieret al. [27] demonstrated a lack of inferiority of the vac-
cine response to all seven serotypes contained in PCV7 1
month after receipt of three monthly doses of PCV7 starting 3
or 9 months after SCT. Cordonnieret al. [28] showed that the
immune response to PPV23 after PCV7 in allogeneic SCT in-
creased the response rate to PCV7 serotypes and also broad-
ened pneumococcal coverage, regardless of the time of the
PPV23 vaccine dose, i.e., 12 or 18 months. New conjugate vac-
cines (PCV10, PCV13) have been approved and hold promise
for broadening pneumococcal immunity after SCT [18]. Al-
though PCV7 was recommended in the 2009 CIBMTR guide-
lines [12, 13], the commiittee also agreed that PCV13 could be
used as a replacement for PCV7 [18].

Thus, according to current guidelines, all SCT recipients
should be vaccinated with three doses of PCV starting 3-6
months after SCT. The three doses are given in monthly inter-
vals. Following the three doses of PCV, a dose of PPV23 may be
given to broaden the covered spectrum. In SCT recipients with
chronic GVHD who are likely to respond poorly to polysaccha-
ride vaccines, a fourth PCV should be considered [12, 13, 19,
20]. The German-Austrian-Swiss consensus conference sug-
gested that the booster dose should be given at 18 months after
allogeneic SCT (12 months after the first dose) [13].

2. Influenza vaccine

SCT recipients are recognized to be at increased risk for
complicated and even fatal influenza A and B [29]. The Euro-
pean study of the pandemic A/HIN1 2009 influenza included
286 patients: 222 after allogeneic SCT and 64 after autologous
SCT. In total, 267 patients were treated with oseltamivir and
15 with zanamivir; 125 patients (44%) were hospitalized; 93
(33%) developed lower respiratory tract infection (LRTI); 33
(16%) patients needed mechanical ventilation; and 18 (6%)
patients died of the pandemic influenza or its complications
2-96 days after SCT [30].

Several risk factors for complicated influenza in SCT recipi-
ents have been reported [29-35]. Lymphopenia (note that the
cutoff for absolute lymphocyte number differed in the differ-
ent studies) was found to be a risk factor for LRTI [31]. Corti-
costeroid use is still controversial. Choi et al. [33] suggested
that high-dose corticosteroid treatment (> 1 mg/kg) given at
the time of influenza diagnosis was associated with a reduced
risk for mechanical ventilation. However, some reports
showed that chronic or adjuvant steroid use was significantly
associated with LRTI and mortality [34, 35]. Additional risks
for complications included a lack of early antiviral therapy,
older age, and development of influenza soon after SCT [31].

Immunization with the inactivated influenza vaccine has
been shown to decrease the risk of influenza when adminis-
tered more than 6 months post-SCT [36]. The current 2009
CIBMTR guidelines highly recommend annual vaccination
with the seasonal trivalent inactivated influenza vaccine in
both allogeneic and autologous SCT recipients. The vaccina-
tion should be given before the influenza season starting at 6
months after SCT [12, 13, 37]. During outbreaks, SCT recipi-
ents who have not yet received the influenza vaccine should
be receive it if more than 4 months have elapsed after SCT. A
second dose of the vaccine after 3-4 weeks is advised in this
situation, although it may only have marginal benefit. A recent
update shortened the interval for the vaccine administered
prior to the influenza season to 3 months after SCT [31]. No
data are about live attenuated influenza vaccine (LAIV) safety
and efficacy in SCT recipients; therefore, LAIV should not be
used [20, 31].

3. Tetanus-diphtheria-pertussis vaccine

Most recipients will lose specific immunity to tetanus and
diphtheria following SCT; therefore, it is important to have an
immunization strategy against these infections in SCT recipi-
ents [38]. Currently, adults and adolescents are the main res-
ervoir for Bordetella pertussis and an increased rate of disease
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and several outbreaks have been reported worldwide and in
Korea [39, 40]. SCT recipients may be vulnerable to complica-
tions from pertussis because of lung damage from previous
cancer chemotherapy and/or pre-conditioning regimens such
as total body irradiation, even in the absence of chronic
GVHD [12, 13].

In Korea, there are two types of diphtheria and tetanus vac-
cines, i.e., Td (tetanus-reduced diphtheria toxoid) and Tdap
(tetanus-reduced diphtheria toxoid-reduced acellular pertus-
sis) for adults, which have been available since 2004 and 2009,
respectively. These vaccines contain the same full doses of tet-
anus toxoid (T) and reduced diphtheria toxoid (d) with or
without a reduced dose of pertussis (ap). Another vaccine,
DTaP (diphtheria-tetanus toxoid-acellular pertussis) for chil-
dren and adolescents, has been available in Korea since 1982,
and it contains full-dose diphtheria toxoid (D) and tetanus
toxoid (T) in addition to full-dose (not reduced dose) acellular
pertussis toxoid (aP) [26].

Full post-transplant revaccination is initiated 12 months af-
ter transplantation and consists of an average of three dose
schedules of vaccine that result in long-term persistence of
humoral immunity against tetanus and diphtheria in SCT re-
cipients, for an average of 8.6 and 9.0 years, respectively [41].
Because post-SCT recipients should be regarded as “never
vaccinated” and the response to the reduced dose may be
poor, full toxoid vaccines should be used if possible. Current
guidelines prefer three doses of full toxoid vaccine (DTaP)
rather than reduced doses (Tdap or Td) starting at 6-12
months after SCT and given in monthly intervals [12-14, 19].
Recipients should be re-immunized with Td at least every 10
years. In the general population in Korea, at least one dose of
Tdap is recommended [19].

4. Haemophilus influenzae type b (Hib) conjugate
vaccine

H. influenzae is an important cause of infection after SCT,
although fatal cases have rarely been reported in most trans-
plantation centers. Vaccination with a conjugate Hib vaccine
can elicit protective immunity after SCT [12-14]. Responses to
a series of three courses of Hib vaccine ranged from 47% to
92%, with a higher response rated observed in patients whose
donors were also immunized before stem cell collection [42,
43]. Because it was known that early vaccination resulted in
poor responses in children, the timing of the vaccination after
SCT is important for the immune response. It is recommend-
ed that three doses be given in monthly intervals starting at
6-12 months after SCT [12-14, 19]

5. Hepatitis B and A vaccine

Hepatitis B virus (HBV) infection continues to be a common
problem after SCT as a result of both immunosuppression
and frequent transfusions of blood product. A substantial por-
tion of allo-SCT recipients lose their immunity to HBV over
time [44, 45]. Therefore, all recipients who are sero-negative
for HBV markers and recipients who are positive for anti-HBc
only or show resolved hepatitis B (anti-HBc plus anti-HBs)
should be vaccinated [14]. Jaffe et al. [46] evaluated immunity
to the three-dose regimen. To be eligible for vaccination, re-
cipients had to have completed immune reconstitution (CD4
cell count >200 cells/pl, IgG > 5 g/L, and adequate in vitro T
cell response) and to have stopped taking immunosuppres-
sants. Early post-SCT vaccination is likely to yield unsuccess-
ful immunity; given the nature of antigen, it is recommended
to start the vaccination for hepatitis B no earlier than 6-12
months post-SCT. Because chronic GVHD was associated
with reduced sero-conversion after vaccination, the antibody
response to the Hbs antigen should be determined within 1-3
months of the last vaccine. If the response is not adequate, re-
peat of a three-dose vaccine should be considered [46].

In the 2009 CIBMTR guidelines, hepatitis A is not routinely
recommended (travelers to an endemic area only) [12, 13].
However, there still have been outbreak reports in Korea;
therefore, KSID recommends vaccinations for sero-negative
SCT recipients starting at 6-12 months after SCT [19]. The
dosing schedule is the same as that for patients in the general
population.

6. Measles-mumps-rubella (MMR) vaccine

Outbreaks of measles and mumps have been reported in
many parts of the world. In 2000-2001, a measles epidemic
occurred in Korea, with more than 55,000 reported cases [47].
During the outbreak, 16 SCT recipients in our center were
presumptively diagnosed with measles, and one of them died
of fatal measles pneumonia [48-50]. Although the risk in SCT
patients has not been well studied, MMR vaccine titers are
known to decline gradually after SCT [51-53].

The MMR is a live, attenuated virus vaccine and is recom-
mended to recipients who are without chronic GVHD and not
taking immunosuppressants; it is performed 24 months after
SCT [12-14], and it has been shown to be safe and successful.
Limited data are available on the immunogenicity and dura-
bility of the response to MMR following alternative donor SCT
or in response to mumps following any type of SCT. During an
outbreak of measles in Brazil, earlier MMR vaccination be-
tween 9 and 19 months after SCT was reported to be safe and
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immunogenic [54]. However, this strategy is reserved for dur-
ing epidemics.

The risk for severe rubella infection after allogeneic SCT is
likely low. However, with the current improvement in survival
together with reduced-intensity conditioning, the potential for
pregnancy is also likely to increase. Therefore, the rubella vac-
cine could be indicated in female recipients who have re-
tained the potential for pregnancy [12-14].

7. Neisseria meningitidis vaccine

As in the cases of vaccines against pneumococcus and Hib,
it is expected that the protein conjugate meningococcal vac-
cine will provide significantly better and stable immune re-
sponses than does the polysaccharide vaccines [12-14]. Al-
though a tetravalent conjugate vaccine is available in Korea
now, no data have been collected regarding the immunoge-
nicity and safety of this vaccine in adult SCT recipients [19].

8. Inactivated poliovirus vaccine

Although polio has been eradicated in many countries, in-
cluding Korea, areas of activity still exist [14]. Recipients lose
early immunity to poliovirus after SCT and they can be vul-
nerable. Although both a live attenuated polio and an inacti-
vated polio vaccine exist, the live vaccine is contraindicated in
SCT recipients or their close contacts. The inactivated vaccine
has been shown to be safe and immunogenic, and protective
levels were obtained. Guidelines recommend three doses of
the inactivated vaccine with an interval of at least 1 month
starting at 6 months after SCT [12-14, 19].

9. Chickenpox, Herpes zoster vaccine

Varicella zoster virus (VZV) causes extensive morbidity late
after SCT, with associated risks for both dermatomal reactiva-
tion and disseminated diseases [5, 55]. Severe, potentially fatal
diseases, including hepatitis and meningoencephalitis, can
occur late after HCT even in the absence of skin lesions. Re-
cent studies have suggested that prolonged acyclovir prophy-
laxis effectively decreases VZV-related morbidity. The results
of these studies have propelled many centers to administer
acyclovir for the first year after allogeneic SCT [2]. In our cen-
ter, where we do not recommend application of long-term use
of acyclovir, herpes zoster developed in 34.3% of patients
(79/230) at a median of 235 days post-SCT. The cumulative
HZ incidence was 22% at 1 year, 30.8% at 2 years, 38.6% at 3
years, and 41.2% at 4 years [5].

There are 2 main vaccines: one for chickenpox and the other
for shingles. The difference between these vaccines is the

number of plaque-forming units of attenuated virus. The
chickenpox vaccine has lower viral titers, and limited data are
available regarding the use of the varicella vaccine after allo-
geneic SCT. It could be used for all SCT recipients who have
met the criteria for liver virus vaccination [56, 57]. However, a
vaccine for herpes zoster has not been tested in an immuno-
compromised population and is not recommended in the
2009 CIBMTR because of its high viral titer [12,13]. Clinical tri-
als are underway for an inactivated herpes zoster vaccine in
recipients of autologous SCT.

10. Human papilloma virus vaccine

HPV infection is known to promote cervical cancer. Among
immunosuppressed patients, the risk of developing squamous
cell carcinoma is 64-250 times higher than that among the
general population. Data on the immunogenicity and clinical
effectiveness of the quadrivalent HPV vaccine in allo-SCT re-
cipients are lacking. Optimal HPV screening strategies and the
effect of HPV vaccination on transplant recipients remain
largely unknown. Because of the increased risk of secondary
malignancy in SCT recipients, regular follow-up by a gynecol-
ogist is advised with HPV screening [14, 58]. The 2009 CIBM-
TR guidelines recommend that clinicians follow the policy
used for the general population in each country [12, 13].

11. Japanese B encephalitis virus vaccine

The 2009 CIBMTR guidelines recommend that the Japanese
B encephalitis virus vaccine be used according to local policy
when residing in or traveling to endemic areas. No data are
available regarding the time at which vaccination can be ex-
pected to induce an immune response after SCT [12, 13].

12. Other vaccines

Vaccination for SCT recipients travelling to endemic areas is
either contraindicated (live-attenuated vaccines) or not rated
because of limited experience. The BCG vaccine can cause se-
vere infection in patients with depressed T cell function and is
not recommended in SCT recipients [12-14].

Donor vaccination

Donor vaccination has been demonstrated to improve the
post-transplantation immunity of SCT recipients, especially in
the case of pneumococcus, Hib, tetanus, and HBV [12-14]. For
example, vaccination against HBV is recommended in all do-

nors without acquired or natural immunization because of
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Table 2. Recommended vaccinations for family members and healthcare workers in contact with SCT recipients by the Korean Society of Infectious

Diseases (KSID)
]
c . Recommenda-
Vaccine Recommendation for uses . a
tion level
Hepatitis A Administer after checking sero-status I
Inactivated influenza Family members: annual with trivalent inactivated vaccine is strongly I
recommended during each season beginning in the season before
SCT and continuing as long as there is close contact with a compro-
mised SCT recipient.
Healthcare workers: annual with trivalent inactivated vaccine is I
strongly recommended during each season.
Intranasal live vaccine is contraindicated for both.
Varicella Vaccination indicated for all individuals who are 212 months old and I
not pregnant or immunocompromised. Also indicated for individuals
with no past history or uncertain history of varicella with sero-negative
screening. Adolescents =13 years old and adults should receive two
doses separate by at least 28 days.
Measles-Mumps-Rubella ~ Vaccination indicated for all individuals who are >12 months old and I
not pregnant or immunocompromised.
No evidence for person-to-person transmission when live attenuated
MMR is administered.
Pertussis Vaccination with Tdap for adolescents and adults I
Polio Not routinely recommended. Oral live vaccine is not recommended. If I

indicated, inactivated killed vaccine could be used.

“Strength of recommendation; () Very strongly recommended: immunization may reduce mortality and be cost-effective. Most countries recommend the vaccination. (Il)
Strongly recommended: immunization may reduce mortality but cost effectiveness is unknown in Korea. Most developed countries recommend the vaccination. (Ill) Rec-
ommended: immunization may reduce morbidity rather than mortality. Cost-effectiveness is unknown. (U) Recommended reserved: lack of evidence for recommendation.

the possibility of adoptive cell-mediated immunotherapy. Al-
though insufficient time is usually available to complete vac-
cination in sero-negative donors, even if a single dose can be
administered before donation, it should be given [43, 45, 59].
Re-vaccination after SCT is frequently necessary to ensure
long-term immunity. However, because of ethical and practi-
cal problems, there is no recommendation regarding donor
vaccination [12, 13, 19].

Vaccination of family members, close contacts,
and healthcare workers

Vaccination of family members, close contacts, and health-
care workers is recommended to minimize exposure to vac-
cine-preventable diseases among SCT recipients (Table 2) [19].

Annual influenza vaccination of family members, close con-
tacts, and staff in the transplant unit is highly recommended.
These individuals should not be immunized by LAIV because
of the transmission risk to the patients [12, 13, 31].

MMR vaccination can be used safely in family members and

individuals in close contact with patients. It could also be con-
sidered in other individuals with frequent social contact (e.g.,
teachers and kindergarten workers). Vaccination is indicated
for all individuals who are >12 months old and not pregnant
or immunocompromised. No evidence exists for person-to-
person transmission when MMR is administered [52].

Vaccination of family members and close contacts for VZV
is recommended, as healthy vaccinated individuals have a
minimal risk of transmitting the vaccine virus to their con-
tacts. However, if rashes develop after VZV vaccination, the
vaccinated healthy individual should avoid contact with SCT
recipients until all rashes have crusted or the rash has re-
solved [14].

Conclusion and perspectives

There have been remarkable advances in understanding
post-SCT immune recovery that may make it possible to de-
velop new vaccine strategies. The current vaccination guide-
lines do not differentiate among donor type. Because SCT us-
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ing alternative donors is increasing, prospective, multi-center,

international clinical trials for recommending different vac-

cine strategies should be undertaken. It is also anticipated that

new vaccines (such as inactivated vaccines for herpes zoster

and a cytomegalovirus vaccine) will be available soon.
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