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1. Introduction

Malignant diseases today represent the second major cause of death in Switzerland. The incidence
rate of cancer diagnosis in the Swiss population is reported to be 544 and 421 per 100’000 inhabitants
for males and females respectively in the years 2015-2017. Between 2006 and 2017 overall annual
incidence rates became stable showing even a slight decrease in cases from 488 to 475 cases per
100’000 inhabitants. 10 years survival rates increased by 3% for men and women over the last years
mostly because of early detection (1). Cancer diagnosis and subsequent cancer therapy is usually
associated with relevant immunosuppression caused by the underlying disease and by the applied
treatment (cytotoxic substances, cell depletion, additional radiotherapy, intensity etc.). As a
consequence, adherence to regular immunization schedules - especially in pediatric patients —is
interrupted resulting in insufficient protection rates against vaccine-preventable diseases. Additionally,
chemotherapeutic regimens may lead to loss of protection against vaccine-preventable disease in
previously immunized patients. This is a result from treatment-associated cytotoxic
immunosuppressive effects such as reduced white blood cell counts, B and T lymphocyte counts and
function, immunoglobulin levels and loss of specific vaccine-induced antibody titers (2-6). As a
consequence, cancer patients are vulnerable to invasive infections in general, but show also higher
susceptibility and complication rates for vaccine preventable diseases such as invasive pneumococcal
disease, influenza, varicella zoster, measles and human papillomavirus associated malignancies (7-
18). This particular situation of patients with malignant diseases emphasizes the need for a specific

vaccination strategy to best care for this special population of patients.

Vaccination strategies to best protect cancer patients against vaccine preventable diseases can be
divided in five main strategies with respect to relative risks:
e Immunization strategy at cancer diagnosis (see chapter 2)
e Immunization strategy during conventional cytotoxic chemotherapy/radiotherapy (and until 3
months after chemotherapy) (see chapter 3)
e Immunization strategy after completion of conventional cytotoxic chemotherapy/radiotherapy
(i.e. > 3months) (see chapter 4)
e Immunization strategy in patients treated with targeted therapies with (potential) impact on
immunization (see chapter 5)
e Management of cancer patients after measles, varicella virus or tetanus exposure (see

chapter 6)

These recommendations provide information on assessment and indication of missing, regular and
additional vaccinations of patients diagnosed, treated and followed after treatment for cancer and
include recommendations concerning the vaccination of their household contacts. Specific
recommendations are proposed for patients treated with targeted therapies with particular effects on
the immune function and impact immunization response. These recommendations do not cover
specific vaccination recommendations for SARS-CoV2 and for patients suffering from hematological

malignancies treated with hematopoietic stem cell transplantation, as these have been issued



separately (see BAG Empfehlung zur Impfung von Empfangerinnen und Empfanger von Blut-

Stammzellen, 19,Covid-19-Impfung ).

Sources of information: These guidelines are based on recent literature and expert reviews and
guidelines published in North America, Europe and Australia (20-27). Wherever relevant, original
studies have also been cited. Overall there is only few data about vaccination needs and effectiveness
in cancer patients under and after chemotherapy and data is mostly restricted to specific treatments
protocols and cancer diagnoses.

Given that the general recommendations for immunization in cancer patients are based on routine

schedules, this guideline draws on the Swiss immunization plan.

Off label use: Some of the recommendations for vaccinations provided here involve off label use of
vaccines, as no files including these patients have been submitted to the regulatory authorities as they
are currently not registered in Switzerland yet. As such, limitations for reimbursement may apply and
would have to be discussed with the patient. In addition, patient information leaflets accompanying
vaccine preparations may contain general or specific precautions for the use of vaccines in
immunocompromised or cancer patients. It must be stressed that for inactivated vaccines the safety
profile is excellent and there are no known concerns substantiated by evidence that would prohibit

their use in cancer patients before, under or after chemotherapy.


https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov/information-fuer-die-aerzteschaft/covid-19-impfung.html

2. Immunization strategy at cancer diagnosis

2.1. Background: Risk and burden of disease

A higher susceptibility and complication rate in cancer patients is reported for the following specific
vaccine preventable diseases: Invasive pneumococcal disease (7-10), influenza (11-13), varicella
zoster infection (14-15, 28-30) and measles (16).

2.1.1 Invasive pneumococcal disease

Not only the incidence of invasive pneumococcal disease (IPD) in adult cancer patients is 4 to 60
times higher compared to the adult population (7) but also fatality rate is reported to be five times
higher comparing cancer patients to healthy controls (31). Especially patients under chemotherapy are
at substantial risk for IPD. In children with cancer four out of five invasive pneumococcal infections
occur on undergoing chemotherapy (32). Satisfactory vaccine response rates with protection rates
between 70-100% to mostly conjugated pneumococcal vaccines (PCV) in selected adult and pediatric
cancer patients under mild to moderate chemotherapy have been reported (33-36). Moreover and
importantly, no difference in immunogenicity was detected if gastric and colorectal cancer patients
were vaccinated with PCV two weeks before or at the day of initiation of chemotherapy (37).
Furthermore, a decline in incidence of IPD in cancer patients has been observed after the
implementation and high coverage of the routine childhood immunization with the 7-valent conjugate
vaccine (38). Overall, pneumococcal vaccination of lung cancer patients under chemotherapy resulted
in a lower cumulative hospitalization rate for community-acquired pneumonia and a higher overall

survival rate (39). Based on these findings we recommend:

Recommendation: A single dose of PCV should be applied to all newly diagnosed cancer patients

who were not immunized in the past 5 years.
Timing: Ideally 2 weeks before the chemotherapy start. If not feasible or done, PCV is to be caught
up until start of chemotherapy or at the latest during maintenance chemotherapy (see Table 1).

2.1.2 Influenza infection

Influenza-related complications and mortality are increased in cancer patients and illness due to
influenza infection in children with hematological malignancies causes significant delay in
chemotherapy (11, 13, 40). Despite the decreased immunogenicity of the influenza vaccine in cancer
patients (41-42) clinical benefits i.e. a decrease in mortality, lower odds for influenza-like-lliness and
confirmed influenza infection have been demonstrated in influenza-vaccinated adult cancer patients
(43-46). Influenza vaccination in colorectal adult cancer patients moreover reduced the occurrence of
pneumonia and resulted in less delays of chemotherapy courses due to infection-related illness (45).
Influenza vaccination remains effective in preventing influenza infection and its complications in
children treated for cancer. An adjusted estimated vaccine effectiveness of 72% was identified in

preventing laboratory-proven influenza infection in children undergoing treatment for cancer (47).



Furthermore, a lower rate of hospitalizations in influenza-vaccinated children with hematologic

malignancies has been demonstrated (48). Based on these findings we recommend:

Recommendation 1: Annual administration of one dose of inactivated quadrivalent influenza

vaccine is recommended for all diagnosed and treated cancer patients and their household
contacts until 6 months after completion of therapy. In addition to the conventional inactivated flu
vaccines, a flu vaccine with a four times higher antigen dosage is also licensed for people = 65
years.

Timing: Annually before and during influenza season (see Table 1).

2.1.3. Varicella zoster virus (VZV)

2.1.3.1. Varicella zoster virus infection (chickenpox)

VZV infection causes significant excess morbidity and mortality in immune-compromised patients. In
immunosuppressed children, including those undergoing treatments for cancer mortality rates of 7%
have been reported (28-29). Additionally, exposure to and infection with VZV in children under
maintenance therapy for acute lymphoblastic leukemia resulted in significant interruption or delay in
chemotherapy (30). Administration of passive immune prophylaxis with VZV immune globulin (VZIG)
has reduced attack rates after varicella exposure and modulated the expression of disease in healthy
individuals as well as in pediatric cancer patients (51-53). Use of oral acyclovir (7-9 days after
exposure for a duration of 7 days) for prevention of varicella was only investigated in healthy children
so far and showed significant decrease of development of chickenpox after household exposure if
treated with acyclovir vs. placebo (16% vs. 100%) (54). Antiviral therapy with intravenous acyclovir in
children with malignancies presenting with VZV infection leads to a reduction of visceral dissemination

and severe complications (55-56).

r_______________________________________________________________________|
Recommendation 1:

VZV serum antibodies (IgG) must be determined at cancer diagnosis in all cancer patients
without two documented varicella vaccine doses (see Table 2).

Recommendation 2: Household contacts of cancer patients must be immune against VZV and

vaccinated with the life-attenuated varicella vaccine (twice with an interval of one month) as soon
as possible if not (see Table 3).
Recommendation 3: In case of exposure to varicella, VZIG should be administered within 4 days to

patients with malignancies without two documented varicella vaccine doses or without protective
serum VZV IgG levels at cancer diagnosis. Prophylactic antiviral therapy is to be considered if
VZIG was not administered in these patients.

Recommendation 4: VZIG or prophylactic antiviral therapy is not recommended in patients with

protective serum VZV IgG levels at cancer diagnosis or in cancer patients with two documented
varicella vaccine doses before diagnosis. Close monitoring for varicella infection during 28 days

after exposure is needed and antiviral treatment must be initiated if signs and symptoms of varicella

infection occur (see Table 2 and 7).
L __________________________________________________________________________________________________________________________________|
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2.1.3.2. Herpes Zoster (HZ)

Adult and pediatric cancer patients are at substantially increased risk for herpes zoster (14-15, 18).
Compared with incidence rates reported in a general population, rates of HZ were 4.8 and 1.9 times
higher respectively in adult patients with hematologic malignancies and solid tumors (14). Incidence
rate of HZ in children diagnosed with cancer was about 10 times higher compared to a non-cancer
children cohort (15). The live attenuated zoster vaccine (ZVL, Zostavax®) can reduce HZ episodes,
but is contraindicated during immunosuppression. Patients older than 70 years who were previously
vaccinated with Zostavax® and underwent cancer chemotherapy later in life showed significantly
reduced incidence of HZ compared to patients not previously vaccinated (57). As the initiation of
chemotherapy after cancer diagnosis is mostly urgent and a minimal time interval of 4 weeks between
ZVL and initiation of chemotherapy must be guaranteed to apply the immunization, alternative
vaccination strategies are desirable.

The new recombinant subunit herpes zoster vaccine (RZV, Shingrix®) has been recently approved by
Swissmedic for healthy adults > 50 years of age and immunosuppressed patients > 18 years of age.
RZV showed 90.2% efficacy in reducing HZ in patients older than 70 years and 97.2% in adults 50
years of age or older (58). ZVL accounted for 63% efficacy in 60-69-year-old patients and 37.6% in
patients older than 70 years respectively (59). Good immunogenicity and safety of RZV has been
demonstrated for cancer patients > 18 years of age with solid tumors when two doses of RZV were
administered before or during chemotherapy (60). Similar effects of RZV were found in adults with
hematological malignancies when administered under or up to 6 months after immunosuppressive
cancer treatment (61). Additionally, a vaccine efficacy of 87.2% at preventing herpes zoster (follow up
period of 11 months) was demonstrated in these patients (61). Similarly, another study among adult
autologous stem cell transplant recipients aged > 18 years of age who received 4 doses of RZV (first
dose 5-60 days before, second, third and fourth doses at about 30, 60 and 90 days after
transplantation) showed significant efficacy at preventing 68% of HZ episodes and 89% of episodes

with post herpetic neuralgia (62).

Recommendation: Due to high burden of herpes zoster in cancer patients and in particular in those

with hematological malignancies the administration of 2 doses of RZV in patients > 18 years of age
is recommended.

Timing: First dose ideally 2 weeks before the initiation of chemotherapy, if not feasible or done to
be caught up until start of chemotherapy or at the latest during maintenance chemotherapy.
Second dose with an interval of 2 months after the first dose (in case of time constraint a minimal
interval of 1 month can be chosen), or as soon as possible at a later time point during or after

chemotherapy (see Table 1).

2.1.4 Measles
Measles is a severe illness, especially in immunocompromised patients with case fatality rates of 70%
for oncology patients (16). The live-attenuated vaccine (MMR) is contraindicated under cancer

chemotherapy. Administration of intravenous immunoglobulins within 6 days after measles exposure



leads to significant reduction of attack rates in healthy individuals (63-64). There are no studies

available investigating need and efficacy of IVIG in preventing measles infection in cancer patients.

T ———
Recommendation 1: Measles serum antibodies (IgG) must be determined at cancer diagnosis in all

cancer patients without two documented MMR vaccine doses (see Table 2).

Recommendation 2: Household contacts of cancer patients must be immune against measles and

vaccinated with the life-attenuated MMR vaccine (twice with an interval of one month) as soon as
possible if not (see Table 3).

Recommendation 3: In case of exposure to measles, IVIG should be administered within 6 days to

patients with malignancies without protective serum IgG levels at cancer diagnosis or without two
documented MMR doses before diagnosis. The same approach is to be considered in severely
immunocompromised cancer patients (definition see Table 7) independent of measles serum
antibody level or documentation of 2 MMR doses before diagnosis (see Table 2 and 7).

Recommendation 4: IVIG is not indicated in mildly immunocompromised patients with protective

serum IgG levels at cancer diagnosis two documented MMR doses before diagnosis (see Table 2
and 7).

2.1.5 Meningococci (Asplenia)

Cancer therapy can lead to anatomical or functional asplenia either following surgical splenectomy or
splenic irradiation or by cancer therapy. In addition to immunization against invasive pneumococcal
disease that is recommended to all patients at cancer diagnosis, immunization against
meningococcal disease must be added in patients suffering from asplenia (see BAG document
“Pravention schwerer Infektionen bei anatomischer oder funktioneller Asplenie” Stand 2015, (65)) and

have to be taken in account in these cancer patients.

Recommendation: In patients with present or future asplenia (by cancer therapy) 2 doses of

quadrivalent conjugated meningococcal vaccine, 2 doses of recombinant meningococcal B vaccine
and 1 dose of conjugated pneumococcal vaccine (MCV-ACWY, 4CMenB and PCV) should be
administered at cancer diagnosis.

Timing: First dose ideally two weeks before or until initiation of cancer treatment, if missed to be
caught up until start or during maintenance chemotherapy. Second dose of MCV-ACWY and
4CMenB with a minimal interval of 1 month after the first dose and 2 months after the first dose

respectively, if not feasible, as soon as possible at any later time point (see Table 1).

2.2. Practical immunization strategy at cancer diagnosis
e Assess and document immunity against measles (defined as: 1. two documented vaccine
doses or 2. serum IgG antibody level above threshold with correlation to protection (see Table
2)) and varicella (defined as: 1. two documented vaccine doses or 2. serum IgG antibody level
above threshold with correlation to protection (see Table 2)) before initiation of cancer therapy

of:



o all newly diagnosed cancer patients

o household contacts

e Administer immunizations according to Table 1 to all newly diagnosed cancer patients

o Comment: Low platelet count, coagulopathy/anticoagulation as well as recent

administration of intravenous immunoglobulins and blood products are no

contraindication to the administration of intramuscular immunizations with all vaccines
listed in Table 1 (see BAG Schweizerischer Impfplan 2019, 5e page 30, (66)).

e Patients planned to undergo splenectomy or receive splenic irradiation as part of the cancer

therapy should additionally be immunized against meningococcal disease at cancer diagnosis

(see also BAG document “Pravention schwerer Infektionen bei anatomischer oder

funktioneller Asplenie”, (65))

e Administer immunizations to all household contacts of newly diagnosed cancer patients

according to Table 3.

Table 1. Recommended immunizations in newly diagnosed cancer patients.

Highlighted in blue are immunizations that are only relevant for children and adults with known future

asplenia.
Vaccine Number of Time to therapy initiation
(age restriction) doses
PCV "2 1 At diagnosis, ideally >2 weeks before or to be
(=5 years of age) 3 caught up until start of chemotherapy or at latest
off label 2 5 under maintenance therapy

years of age

Quadrivalent inactivated
influenza vaccine

(= 6 months)

14

Annually before or during influenza season

RZV (Shingrix ®) 296 At diagnosis, ideally >2 weeks before or to be
(218 years) 9 caught up until start of chemotherapy or at latest
under maintenance therapy
MCV-ACWY 7) At diagnosis, ideally >2 weeks before or to be
- (2-6 months) 48 caught up until start of chemotherapy or at latest
- (27 months) 29 under maintenance therapy
4CMenB (Bexsero®)”
- (2-11 Monate) 3 10)13)
- (12-23 Monate)
3 11)13)
- (=2 24 Monate)
2 12)13)




off label beyond
the age between
11-24 years

Abbreviations: pneumococcal conjugated vaccine (PCV), recombinant zoster vaccine (RZV), conjugated meningococcal vaccine
(MCV-ACWY), recombinant vaccine against invasive meningococcal disease serogroup B (4CMenB)

1) Only if patient was not immunized in the past 5 years

2) Only available PCV at the moment (=PCV13), off label in persons = 5 years of age

3) Administration of 1 dose PCV in patients <5 years if not up to date with regular schedule, see Table 9

4) In children not vaccinated previously and age between 6 months and 8 years administration of 2 doses with a minimal interval
of 1 month

5) In particular for patients with hemato-oncological diseases

6) Second dose to be administered with an interval of 2 months (minimal interval 1 month) or if not feasible as soon as possible
at a later time point

7) If (future) functional or anatomic asplenia

8) Second dose to be administered with an interval of 2 month, third dose with an interval of 4 months and fourth with a minimal
interval of 12 months after the first dose

9) Second dose to be administered with a minimal interval of 1 month or if not feasible as soon as possible at later time point.
Second dose to be given in the second year of life.

10) Second dose with a minimal interval of 2 months, third dose during the second year of life (minimal 6 months after second
dose) or if not feasible as soon as possible at a later time point

11) Second dose with a minimal interval of 2 months, third dose 12 months after the second dose or if not feasible as soon as
possible at a later time point

12) Second dose with a minimal interval of 2 months or if not feasible as soon as possible at a later time point

13) Booster dose every 5 years if ongoing risk

Note: If patient is not up to date with regular Swiss immunization plan (see Table 9 Appendix) consider
accelerated administration of missing booster doses (other than mentioned in Table 1) before
chemotherapy start. This is only possible if patient is not severely immunocompromised by the disease
(no acute hemato-oncological disease, chronic lymphatic leukemia, and metastatic cancer disease
(67)) and a minimal time interval of 2 weeks for inactivated vaccines and 4 weeks (exception: 6 weeks
if planned treatment with alemtuzumab, see chapter 5) for live attenuated immunizations before

initiation of therapy can be guaranteed.

Table 2. Recommended analysis of serum antibody levels in newly diagnosed cancer patients

Antibody Indication for serum antibody analysis | Serum antibody level with
at diagnosis correlation to protection

Measles IgG < 2 MMR vaccine doses >150 UMY

Varicella (ELISA | < 2 varicella vaccine doses > 150 UMM 23)

VZV gp)

1) If result beyond level of protection, time span of 4 weeks before initiation of chemotherapy can be withheld and patient is not
severely immunocompromised by disease itself (no acute hemato-oncological disease, chronic lymphatic leukemia, and
metastatic cancer disease) evaluate application of one dose of MMR (> 6 months of age) or varicella vaccine (> 9 months of
age) before initiation of chemotherapy

2) Test available at “Laboratoire de vaccinologie des Hopitaux Universitaires de Geneve

3) Any other laboratory is valid but if antibody level is low consider to repeat test at 2) due to insufficient sensitivity
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Table 3. Recommended immunizations for household contacts of newly diagnosed cancer patient
(additionally to immunizations recommended by Swiss immunization plan (66))

Vaccine Minimal age and number of Schedule (interval in
doses months)

Quadrivalent inactivated 6 months - 8 years: 2 doses ") 0,1

influenza vaccine = 9 years: 1 dose

Varicella zoster 2

- VZV-live-attenuated > 9 months: 2 doses 3 0,1
vaccine®
Measles > 6 months: 2 doses 4% 0,1

Abbreviations: recombinant zoster vaccine (RZV)

1) If not previously vaccinated with influenza vaccine, otherwise 1 dose

2) If negative personal medical history for chickenpox

3) If first dose < 12 months of age, give 2" dose after 12 months of age. If two doses have been administered before 12
months, add a 3™ dose after 12 months of age

4) Administer one dose at age 9 and at 12 months. If first dose is administered between 6 to 8 months of age, a total of three
doses is needed with 2" dose at 9 and 3™ dose at 12 months of age

5) Combination-vaccine MMR-V possible if both, MMR and VZV vaccination, are indicated (not on list of specialties = not

necessarily reimbursed)

3. Immunization strategy during conventional cytotoxic chemotherapy/radiotherapy (and until 3
months after chemotherapy)

3.1. Background

Conventional cytotoxic chemotherapy is defined as chemotherapy with unselective cytotoxic effect and
does not include therapies like monoclonal antibodies, tyrosine kinase inhibitors or hormonal therapy
(68).

Data about safe administration of live-attenuated exists only for varicella vaccine in pediatric patients
suffering from acute lymphoblastic leukemia with lymphocyte counts above 700/ul under paused
maintenance therapy (49-50). Still given the lack of data, generally the application of live attenuated
vaccines in immunosuppressed patients under conventional cytotoxic chemotherapy is contraindicated
as vaccine-induced disease can occur (69). Immunization with inactivated vaccines in highly
immunocompromised patients under intense conventional cytotoxic chemotherapy is known to be
associated with either missing, or more frequently, insufficient vaccine response as shown for
inactivated influenza vaccines (42, 70). Booster doses of inactivated vaccines administered under
maintenance chemotherapy or shortly after completion of chemotherapy (<3 months) against
diphtheria, tetanus and Haemophilus influenza type b (Hib) showed satisfactory serum antibody
protection rates without occurrence of adverse reactions (71-73). Patients suffering from breast or
colorectal cancer showed best immune response to inactivated vaccines under chemotherapy if
administered at the beginning of a chemotherapy cycle (111-113), when therapy was least intense or if
lymphocyte count was (>1000/pl) (111,114).
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The data on the effects of radiotherapy on immune function are sparse and the effects are likely less

significant than those of conventional cytotoxic chemotherapy (25). International guidelines do not

recommend particular or different immunization strategies or intervals for those cancer patients

undergoing additional radiotherapy (21, 23-25).

3.2. Practical immunization strategy during conventional cytotoxic chemotherapy/radiotherapy

(and until 3 months after chemotherapy)

The administration of live attenuated vaccines is contraindicated
If missing, inactivated vaccines according Table 1 including PCV, inactivated influenza, RZV,
MCV-ACWY and 4CMenB should be completed

o If possible administer at beginning of chemotherapy cycle, when therapy is least

intense or when lymphocyte count is >1000/ul

The administration of other inactivated vaccines can be considered if a high epidemiological or
individual risk is present. Still, whether vaccines first administered during chemotherapy
induce long-term protection is unclear. Thus, specific antibody levels (where available) can be
checked (4 weeks after last dose of primary vaccination) and vaccine booster doses be
considered after completion of cancer therapy
If a cancer patient under treatment is exposed to measles, varicella, hepatitis B or tetanus
follow the recommendations according to Table 7 (74-79)
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4. Immunization strategy after completion of conventional cytotoxic chemotherapy

|/ radiotherapy (i.e. > 3months)

4.1. Background: Risk and burden of disease

Conventional cytotoxic chemotherapy results in waning immunity as indicated by loss of protective
serum antibody titers (80-81). Rates of protective serum antibody titers of vaccine preventable
diseases after chemotherapy vary widely in different studies and are mostly studied in children with
acute lymphoblastic leukemia (5, 71-72, 80, 82-85). Risks associated with loss of antibodies are
difficult to evaluate because studies mostly focus on patients with particular malignancies and results
cannot be generalized. Some studies found an association between loss of protective antibody titers
against measles, rubella and tetanus with younger aged children and higher aged adults following
chemotherapy (80-81,86-87), while other studies found no association between patient’s age, type of
cancer, chemotherapy intensity and loss of protecting serum antibody titers (71, 82, 88). Because of
lack of data and contradictory results specific vaccination policies for chosen risk groups (excluding
patients treated with targeted therapies, see chapter 5) cannot be recommended.

Booster doses of inactivated vaccines (tetanus, polio, diphtheria, Hib as well as meningococcal
serogroup ACWY) three to six months after completion of chemotherapy induce good immune
responses (71-72, 82, 88-89). Booster dose of live attenuated measles, mumps and rubella vaccine
three months after the end of therapy were associated with lower seroconversion rates (71-72)
compared to booster doses after at least 6 months after the end of chemotherapy (80, 82, 88). Based

on these findings we recommend:

Recommendation 1: Indication for booster doses depend on the age and immunization status

before initiation of cancer chemotherapy/radiotherapy (see Table 4a and 4b)

Recommendation 2: Administration of inactivated vaccines is recommended 3 months after

completion of conventional cytotoxic chemotherapy/radiotherapy independently of the type of
malignancy.

Recommendation 3: Administration of live attenuated vaccines is recommended 6 months after

completion of conventional cytotoxic chemotherapy/radiotherapy independently of the type of
malignancy.

Recommendation 4: The evaluation of serum antibody titers to elaborate individual vaccine

strategies is not recommended but an alternative favored by some patients. However, depending
on the age of the patient, if booster doses have to be given according to the regular vaccination
plan, they should be administered without first performing serology. The administration of
supplementary doses can be dictated by the result of the serology where available (see Appendix
Table 9 and 10)

4.2. Practical immunization strategy 3 to 6 months after conventional cytotoxic
chemotherapy/radiotherapy
e Administration of inactivated vaccines is recommended 3 months after completion of

conventional cytotoxic chemotherapy/radiotherapy

13



e Administration of live attenuated vaccines can be administered 6 months after completion of
conventional cytotoxic chemotherapy/radiotherapy

¢ Indication for a vaccine and number of needed doses are dependent on previously applied
number of vaccine doses and age of patient but independent of underlying malignancy (see
Table 4a and 4b)

Table 4a. Recommended immunizations 3 to 6 months after completion of conventional cytotoxic

chemotherapy/radiotherapy in adult cancer patients.

Vaccine (age Number of doses Needed number Schedule | Interval after
restriction) received before of doses after (months) | completion of
CCT CCT CCT (months)
dTpa-IPV, HBV 0-1 30 0,2,8 3
22 1 3
RZV (Shingrix®) 0 2 0,2(1) 3
(=18 years) 1 1
2 0
MMR, 0 2 0,1 64
Varicella vaccine 3 | =21 1 64

Abbreviations: conventional cytotoxic chemotherapy/radiotherapy (CCT), Recombinant zoster vaccine (RZV)

1) Total 3 doses, with one pertussis-containing dose: 1xdTpa plus 2x dT-IPV

2) The timing of the 2nd RZV dose may be brought forward - or delayed - if indicated by the individual immune status. A
minimum interval of 1 month and a maximum interval of 6 months between the 2 doses were considered in the registration
studies.

3) Only if VZV IgG < 150 IE/I at diagnosis and negative personal history of chickenpox

4) If wished to be administered from 3 to 6 months after CCT measure CD4 count. If CD4 count >200/pl (0.2 g/l) vaccine can be

administered in this time period.
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Table 4b. Recommended immunizations 3 to 6 months after completion of conventional cytotoxic
chemotherapy/radiotherapy in child/adolescent cancer patients

Vaccine | Age Number of Needed number | Schedule Interval after
doses received | of doses after (months) completion of
before CCT CCT CCT (months)

DTPa- <1yr. 0-1 3 0,1, 8 3

IPV 2 1 3

21yr. M 0-1 3 0,2,8 3
22 1 3

HBV 2 0-1 3 0,1,6 3
22 1 3

Hib <tyr. 0-1 3 0,1,8 3
2 1 3

12-14 0-1 2 0,2 3
months =22 1 3
15-59 0-3 1 3
months

PCV <1yr. 0-1 3 0,1,8 3
2 1 3

12-23 0-1 2 0,2 3
months 2-3 1 3
24-59 0-3 1 3
months

MCV- 2-5 years 0-2 1 3

ACWY and 11-19

years

HPV 11-14 years | 0-1 2 0,6 3

2 1 3
15-26 years | 0-1 3 0,2,6 3
2-3 1 3

MMR® 26 months |0 2 0, 1 6, %
>1 1 6,9

Varicella | 29 months 4 | 0 2 0,1 6, %

vaccine
>1 1 6,9

Abbreviations: conventional cytotoxic chemotherapy/radiotherapy (CCT)

1) >7 years use dTpa-IPV

2) If no HBV vaccination so far and patient < 15 years of age complete now or at latest at age 11-15

3) If wished to be administered from 3 to 6 months after CTT measure CD4 count. If patient > 5 years and CD4 count > 200/pl
(0.2 g/l), <1 year and CD4 >750/ul (0.75 g/l) or 1-5 years and CD4 > 500/ul (0.5 g/l) vaccine can be administered in this time

period.
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4) Only if VZV IgG between 0-150 IE/I at diagnosis and negative personal history of chickenpox

5) If 1st dose is given between 6 and 8 months, give 3 doses, the 2nd at 9 months and the 3rd at 1 year.

Catch-up courses of immunizations according to Table 4a and 4b are recommended. Alternatively, in previously
incompletely immunized patients an immunization schedule guided by serum antibody levels determined 4-8 weeks after
applying a booster dose can be considered. Serum antibody (IgG) levels as surrogate markers are available and have been

defined only for the following immunizations.
- Tetanus

- Hepatitis B

- Haemophilus influenzae type b

- Measles

- Varicella
The tests and threshold values for serum antibody titers correlating with protection are described in the regular Swiss

immunization plan and added in appendix of this manuscript (see Table 10)

5. Immunization strategy in patients treated with targeted therapies with (potential) impact on

immunization

5.1. Background

In hemato-oncology and oncology the use of targeted therapies like several monoclonal antibodies
has substantially evolved over the last years. Data on immunization of patients treated with these
agents is still sparse. The most extensive experience comes from treatments with rituximab
(anti-CD-20).

5.1.1. B-Cell depletion

Administration of rituximab (anti-CD20) results in a B-cell depletion and therefore an absent response
to vaccination (67, 70). Berglund et al. confirmed the lack of induction of an immune response to
influenza and pneumococcal immunization in oncological patients treated with rituximab (70). Data
from patients treated with rituximab for autoimmune diseases showed insufficient immune responses
following an immunization for at least 6 months after the last dose of rituximab (91-94). Satisfactory
immune response following tetanus immunization was demonstrated when the vaccine was

administered 6 months after completion of rituximab therapy (93).

Recommendation 1: In subjects that will receive B cell depleting therapies the administration of

immunizations according to Table 1 is recommended if applied before initiation of therapy, ideally >
2 weeks.

Recommendation 2: During and until 6 months after completion of B cell depleting therapies

administration of any inactivated vaccine is not recommended.

Recommendation 3: During and until 12 months after completion of B cell depleting therapies

the administration of live-attenuated vaccines is contraindicated.
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Recommendation 4: Administration of inactivated vaccines after B cell depleting therapies is

recommended as described in Table 4a and 4b but only after a minimal time interval of
- 6 months, if booster dose (20, 27)
- 12 months, if primary vaccination (26)

Recommendation 5: Administration of live attenuated vaccines after B cell depleting therapies is

recommended as described in Table 4a and 4b but only after a minimal time interval of 12
months. Immune recovery must be documented after therapy with CAR-T cells and alemtuzumab
before administration of live attenuated vaccines (see Table 5) (67, 94-95).

Recommendation 5: Recommendation 1-4 is true for all patients treated with B cell depleting

agents listed in Table 5.

5.1.2. Tyrosine kinase inhibitors (TKI)

Immune modulating tyrosine kinase inhibitors (TKI) comprises another class of similarly acting
targeted therapies (Table 6) used in oncology. TKI have various effects on the immune system i.e. the
inhibition of T cell proliferation and activation and inhibition of expansion of cytotoxic memory T cells
(67, 96-97). Small molecule inhibitors like ibrutinib and idealisib inhibit signal translation via B-cell
receptors thereby possibly preventing an immune response under therapy (97). Immune responses to
influenza vaccination (H1N1) in patients with chronic myeloid leukemia (CML) under TKI therapy with
imatinib, dasatinib or nilotinib are impaired (98-99). Still, conclusive studies concerning immunization
of patients under such therapies are sparse which makes recommendations difficult. So far, the
interpretation of the mechanisms and of the available data may lead to different conclusions, when
balancing benefits and risks. Wiedermann et al. (67) in a review advise against any immunization
under therapy with TKI whereas European Conference on Infections in Leukaemia (ECIL 7)
recommendations support the administration of PCV and inactivated influenza vaccine at cancer
diagnosis even if already under therapy with TKls like imatinib, dasatinib, nilotibib, bosutinib and
ponatinib (26).

Recommendation 1: The administration of immunizations according to Table 1 is recommended if

applied before initiation of a TKI therapy, ideally > 2 weeks. If lifelong therapy: administration of
PCV, annual influenza and RZV can be considered under treatment.

Recommendation 2: During and up to 3 months after completion of TKI therapy administration of

any inactivated and live-attenuated vaccine is not recommended.

Recommendation 3: Immunizations can be administered according Table 4a and 4b 3 to 6 months

after end of TKI therapy.

Recommendation 4: Recommendation 1-3 is true for all patients treated with agents listed in
Table 6.
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5.1.3. Checkpoint inhibitors

Therapy with immune checkpoint inhibitors has remarkably improved cancer therapy of patients
with advanced disease by acting on proteins that block the inhibition of T-cell activation so that cancer
cells cannot escape the antitumor effect of the immune system (100-102). The enhanced T-cell
activation is associated with immune-mediated events targeting host tissues (103). From their mode of
action, checkpoint inhibitors are generally not considered as being immunosuppressive. Laubli et al
(104) described good humoral immune response among patients treated with immune checkpoint
inhibiting antibodies (Nivolumab, Pembrolizumab) when immunized against influenza but an
unexpected high incidence of immune-related adverse events. These findings were not confirmed in a
larger retrospective review by Chong et al. (105) where no increase in incidence or severity of
immune-related adverse events was detected (27). Overall routine seasonal influenza vaccination

today is encouraged in patients treated with immune checkpoint inhibitors (115).

Recommendation: The immunization strategy does not differ from that recommended for patients

with conventional cytotoxic chemotherapy (Table 1, 4a and 4b)

5.1.4. Targeted therapies with unknown impact on immunization

New oncological therapies that may influence the immune response to vaccination are emerging and
applied in oncology very rapidly. Their impact on immunization responses is mostly unknown. In such
situations to best protect these vulnerable patients we recommend to consult with a vaccine expert.
Section 5.5. (see Figure 1) provides a possible practical approach how to vaccinate these patients
(94).

Recommendation 1: A vaccine expert should be involved in vaccine recommendations for patients

under targeted therapies with unknown impact on immunization

Recommendation 2: A possible approach to evaluate the individual potential of vaccine immune
response is to administer of one dose of tetanus vaccine 3 months after therapy with consecutive
serum antibody analysis (see Figure 1)

Recommendation 3: To evaluate safety of administration of live attenuated vaccines analysis of

CD4+ cell count is recommended (see Figure 1)

5.2. Practical immunization strategy in patients treated with B cell depleting therapies

¢ Immunization strategy at cancer diagnosis:

o The administration of immunizations according to Table 1 is only recommended if
applied before initiation of B cell depleting therapy, ideally > 2 weeks (see Table 5)
= Exception: If treated with Alemtuzumab (Lemtrada) ideally > 6 weeks before
initiation of therapy (95) (see Table 5)

e Immunization strategy during and until 6 months after completion of B cell depleting therapies:

o Administration of any inactivated vaccine is not recommended

o The administration of live-attenuated vaccines is contraindicated
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¢ Immunization strategy 6 months after completion of B cell depleting therapies:

o

o

Administration of inactivated vaccines after B cell depleting therapies is recommended

as described in Table 4a and 4b but only after a minimal time interval of

= 6 months, if booster dose (20, 27)

= 12 months, if primary vaccination (26) (see Table 5)

Administration of live attenuated vaccines after B cell depleting therapies is

recommended as described in Table 4a and 4b but only after a minimal time interval
of 12 months (67, 95) (see Table 5) (expert opinion)
=  Exception 1: CD4+ count must be >200/ul before administration of live

attenuated vaccine

If treated with alemtuzumab (expert opinion)

= Exception 2: B cell count recovery must be documented before administration

of live attenuated vaccine

after B cell depleting therapy (115)

if vaccine is wished to be administered between 6 and 12 months

if treated with CAR-T cells (Kymriah®, Yescarta®) (expert opinion)

Table 5: Minimal time interval before and after B cell and plasma cell-targeted therapies to immunize

with inactivated and live attenuated vaccines.

Drug Target Effect on B cells Minimal interval Minimal interval after
receptor before initiation completion of
of therapy therapy
v LAV v LAV
(expert
opinion)
Rituximab Anti-CD-20 B cell depletion 2 weeks | 4 weeks | 6 months | 12 months
(Mabthera®, 1) 2) 3)
Rixathon®)
Obinutuzumab | Anti-CD-20 B cell depletion
(Gazyvaro®)
Brentuximab- | Anti-CD-30 B cell depletion
Vedotin
(Adcetris®)
Alemtuzumab | Anti-CD-52 BandT cell 6 weeks | 6 weeks 12 months
(Lemtrada®) depletion D 4
Daratumumab | Anti-CD-38 Plasma cell and 2 weeks | 4 weeks 12 months
(Darzalex®) plasmablast N 3)
depletion
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(Imbruvica®)

kinase-inhibitor

(Small molecule

maturation,

proliferation and

inhibitor) function
Idealisib PI3Kdelta- Enhancement B
(Zydelig®) kinase-inhibitor | cell depletion

Elotuzumab Anti-SLAMF7 Plasma cell

(Empliciti®) depletion

Blinatumomab | Anti-CD3xCD19 | B cell depletion

(Blincyto®)

CAR-T Cells CD19 B cell depletion 12 months
(Kymriah®, 5
Yescarta®)

Venetoclax BCL2 inhibitor B cell apoptosis 12 months
(Venclyxto®) 3)

Ibrutinib Bruton-tyrosine- | Reduced B cell

(Small molecule
inhibitor)

Abbreviations: inactivated vaccine (IV), live-attenuated vaccine (LAV)

1) If not feasible or done to be caught up until start of chemotherapy

2) 12 months if primary vaccination

3) Normal CD 19+ B cell count must be documented if LAV is wished to be administered between 6 and 12 months after B cell
depleting therapy

4) Administer LAV only if CD4+ count > 200/ul (0.2 g/l)

5) Normal CD19+ B cell count must be documented before administration of LAV

5.3. Practical immunization strategy in patients treated with tyrosine kinase inhibitors (TKI)
¢ Immunization strategy at cancer diagnosis:
o The administration of immunizations according to Table 1 is only recommended if
applied before initiation of TKI therapy, ideally > 2 weeks (see Table 6)
e Immunization strategy during and until 3 months after completion of TKI therapy:
o Administration of inactivated vaccines is not recommended
= [f lifelong therapy administration of PCV, annual influenza and RZV under
treatment can be considered
o Administration of live attenuated vaccines is contraindicated
e Immunization strategy 3 to 6 months after TKI therapy
o According Table 4a and 4b

e These recommendations are true for all TKI and similar drugs listed in Table 6.
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Table 6. Minimal time interval before and after TKI therapy to immunize with inactivated and live

attenuated vaccines.

Drug Mode of action Minimal time interval Minimal time interval
before initiation of after completion of
therapy therapy
v LAV v LAV

Imatinib Tyrosine kinase 2 weeks V) 4 weeks 3 months 6 months

(Glivic®) inhibitor

Dasatinib Tyrosine kinase

(Sprycel®) inhibitor

Nilotinib Tyrosine kinase

(Tasigna®) inhibitor

Bosutinib Tyrosine kinase

(Bosulif®) inhibitor

Ponatinib Tyrosine kinase

(Iglusic®) inhibitor

Ruxolitinib Januskinase-Inhibitor

(Jakavi®)

Abbreviations: inactivated vaccine (IV), live-attenuated vaccine (LAV)

1) If not feasible or done to be caught up until start of chemotherapy

5.4. Practical immunization strategy in patients treated with immune checkpoint inhibitors

Immunization strategy according to Table 1, 4a and 4b.

5.5. Practical immunization strategy in patients treated with other targeted therapies and

unknown impact on immunization

e A vaccine expert should be involved in vaccine recommendations for patients under targeted

therapies with unknown impact on immunization

e Figure 1 shows a possible practical approach to evaluate the individual potential of vaccine

immune response and the safety of administration of live attenuated vaccines in patients

treated with targeted therapies with unknown impact on immunization
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Figure 1. Recommended vaccination strategy for persons after specific oncological treatment

with unknown impact on immunization

Time after therapy

3 months

Administer booster dose of tetanus ' (age: 6 weeks to
7 years DTPa, = 8 years dTpa)

Y
Analyze tetanus 1gG and CD4 count 4-8

tetanus IgG > 500 IU/mI
CD4 > 200/ul 2

6 months

Y
Administer
inactivated and
live attenuated
vaccines
according Table
4aldb

&

weeks after
Y ¥
tetanus IgG > 500 IU/ml tetanus IgG < 500 IU/ml
CD4 < 200/pl 2 CD4 < or > 200/pl 2
h 4
Administer
another dose of
tetanus
Y
Administer
inactivated
vaccines
according Table 5
4a/4b and

reanalyze CD4
count 3 months
after

|

CD4 > 200/ 2|

CD4 < 200/pl 2

1) If known to have high tetanus IgG (> 1000 1U/ml) before cancer treatment an inactivated vaccine containing a neoantigen

(e.g. hepatitis A vaccine) can be used to evaluate the individual potential of vaccine immune response instead of tetanus.

2) Age depended thresholds: <1 year >750/ul (0.75 g/l), 1-5 years > 500/ul (0.5 g/l)
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6. Management of cancer patients after measles, varicella zoster virus or tetanus exposure

Table 7. Recommended postexposure prophylaxis for cancer patients under therapy after exposure

to varicella zoster or measles (74-79)

2)

Exposure | Serum Measure Passive immunization Antiviral treatment
to antibody of
level at antibody
diagnosis level after
exposure

Measles <150 U/ No IVIG 0.4g/kg iv. D as soon No
as possible, maximal within
6 days after exposure

=150 IU/l or | No, except | refer 3 No
2) 3)

Varicella =150 U/l No Varitect® 12.5 IE/kg iv. - Consider prophylactic
(maximal dose 625 IE) as therapy if too late for
soon as possible, maximal passive immunization
within 4 days 4 %) (within 10 days after

exposure) 8
- Therapeutic antiviral

treatment if varicella
infection despite
passive immunization
or prophylactic antiviral
7)

>150 IU/lor | No No - Antiviral treatment if

present varicella

infection 7

1) Consider to calculate dose with ideal body weight if obese patient

2) Two documented vaccine doses of measles or varicella zoster virus respectively

3) Analyze in highly immunocompromised patients defined as:

Patients under high intense conventional cytotoxic chemotherapy

ALL patients within and until at least 6 months after completion of immunosuppressive chemotherapy

patients with lymphoproliferative disorders

patients receiving or within 6 months of completing biological therapies as listed in Table 5 (76)

and administer IVIG 0.4 g/kg if current level <150 1U/I or test result not available within 72 hours

4) If Varitect® not available administer IVIG 0.4 g/kg alternatively under same conditions

5) Monitor for varicella infection for 28 days after exposure since passive immunization may prolong incubation period

6) Valaciclovir orally, 20 mg/kg/dose, 3 times daily (max. daily dose 3000 mg) for 7 days or Aciclovir orally, 20 mg/kg/dose, 4

times daily (max. daily dose 3200 mg) (see swisspeddose for pediatric dosage)

7) Aciclovir iv., 10 mg/kg/dose, 3 times daily (see swisspeddose for pediatric dosage)
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Table 8a. Recommended tetanus postexposure prophylaxis (PEP) in case of injury for cancer patients
with severe immunosuppression (expert opinion)

Cancer patients with severe immunosuppression are defined as 1. Patients under high intense
conventional cytotoxic chemotherapy, 2. ALL patients within and until at least 6 months after
completion of immunosuppressive chemotherapy, 3. Patients with lymphoproliferative disorders and
4. Patients under and up to 6 months after B cell depleting therapies (see Table 5) (67, 116)

Clean, superficial wounds All other wounds "
dT/dTpa/dT-IPV, | Anti-T-IlgG ¥ dT/dTpa/dT-IPV, | Anti-T-IgG ¥
DTPa-IPV 2 DTPa-IPV ?

No No, except 4 No Yes

1) see also Swiss immunization plan (66): Deep or dirty wounds, injuries with tissue damage and reduced oxygen supply, severe
burns or frostbite, tissue necrosis, septic abortion or skin penetration with foreign bodies (bite wound, contused wound, lacerated
wound, stab, bullet wound)

2) < 8 years of age administer DTPa-IPV

3) Anti-T-IgG: Tetanus immunoglobulin (250 IE im., if high risk 500 IE im.) (118)

4) Number of tetanus vaccine doses before initiation of therapy <3 or =3 but last vaccine dose = 5 years. In infants aged

5-11 months who have received 2 doses of vaccine, the administration of tetanus immunoglobulins is generally not

recommended. It may be considered in individual cases with a very high risk of tetanus.

Table 8b. Recommended tetanus postexposure prophylaxis in case of injury for cancer patients
without severe immunosuppression
Definition severe immunosuppression see Table 8a. Patients under maintenance therapy or patients

<3 months after completion of conventional cytotoxic chemotherapy are no longer severely

immunosuppressed.
Clean, superficial wounds All other wounds "
dT/dTpal/dT-IPV, | Anti-T-IgG dT/dTpa/dT-IPV, | Anti-T-IgG ¥
DTPa-IPV ? DTPa-IPV 2
Yes No Yes Yes, except 4

1) Deep or dirty wounds, injuries with tissue damage and reduced oxygen supply, severe burns or frostbite, tissue necrosis, septic
abortion or skin penetration with foreign bodies (bite wound, contused wound, lacerated wound, stab, bullet wound)

2) < 8 years of age administer DTPa-IPV

3) Anti-T-IgG: Tetanus immunoglobulin (250 IE im., if high risk 500 IE im.) (118)

4) Number of vaccine doses before therapy 23 and last vaccine dose < 5 years. In infants aged 5-11 months who have received
2 doses of vaccine, the administration of tetanus immunoglobulins is generally not recommended. It may be considered in
individual cases with a very high risk of tetanus.

For post exposure prophylaxis after Hepatitis B exposure see BAG document ,Empfehlungen zur
Pravention von Hepatitis B“(117).
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7. Appendix

Table 9. Definition of complete immunizations status in relation to age and recommended accelerated

catch-up schedule before initiation of cancer therapy for patients with incomplete immunization status.

Vaccine Age restriction Number of doses Accelerated schedule
(minimal interval in
months)

DTPa, IPV > 6 weeks (> 8 3 doses <1vyear: 0,1+ 1x 212

years dTpa) months 1)
> 1 year: 0,1,6
dT(pa) booster > 8 years 1 dose every 10 years

Hib 6 weeks - 59 First dose < 1 year: 3 0,1 +1x =12

months doses
12-59 months: 2 doses 0,2
HBV at any age 3 0,14
11-15 years: 2 adult 0,4
doses
PCV 6 weeks - 59 First dose <1 year: 3 0,1,8
months (off label >5 | doses
years) < 2 years: 2 doses 0,2
24-59 months: 1 dose
MCV-ACWY 2 - 5 years (off label | 2 doses: first dose 2-5
> 1 year) and 11-19 | years, second dose 11-
years 19 years
FSME > 6 years 3 doses day1,7,21
HPV 9-25 years 2 doses if first dose <15 | 0, (1), 4
years
3 doses if first dose 215
MMR > 6 months 2 doses 0,12)
Varicella
- Rzv = 18 years 2 doses 0,2
(Shingrix®)
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Table 10. Serum antibody levels with correlation to protection. (66)

(U7

Vaccine Specific antibody-test | Threshold of protection
(Unit) Short term protection | Long term
protection
Tetanus Anti-tetanus-toxoid 100-999 21000
(un
Haemophilus influenza | Anti-PRP-IgG (mg/l) 0.15-0.99 =1
Typb
Hepatitis B Anti-HBs-IgG (1U/1) 10-99 2100
Measles Measles-IgG in EIA 50-150 2150
(un
Varicella VZV-IgG or VZV gp 50-150 2150
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