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SUMMARY
Background: Vaccination is an effective means of preventing 
infectious diseases. In Germany, the Standing Vaccination 
Committee at the Robert Koch Institute (Ständige Impfkom-
mission, STIKO) issues recommendations on vaccination to 
prevent the occurrence and spread of infectious diseases in 
the nation’s population.

Methods: Selective literature review, including consideration 
of the current STIKO recommendations. 

Results: The annually updated vaccination calendar currently 
includes recommendations for vaccination against diphtheria, 
tetanus, pertussis, type b Haemophilus influenzae, hepatitis 
B, poliomyelitis, and pneumococci, beginning at the age of 
eight weeks. From the age of twelve months onward, 
children should be vaccinated against measles, mumps, 
 rubella, varicella, and serogroup C meningococci. In later 
childhood and adolescence, booster vaccinations are recom-
mended, in addition to the provision of any vaccina tions that 
may have been missed. Girls aged 12 to 17 years should be 
vaccinated against human papilloma virus. Adults should 
have their tetanus and diphtheria vaccinations refreshed 
regularly, and their pertussis vaccination refreshed once; from 
age 60 onward, they should be vaccinated against pneumo-
cocci and influenza.

Conclusions: The vaccinations recommended by the STIKO 
are available to all German citizens free of charge and provide 
effective protection against infectious disease. 
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V accination is an effective means of preventing 
 infectious diseases (e1). The primary goal of vac-

cination is to protect the vaccinated person against the 
disease in question (individual immunity). If a large 
enough percentage of the population is vaccinated, then 
the spread of the pathogenic organism will be reduced 
to such an extent that non-vaccinated persons are pro-
tected as well (herd immunity) (e2). Sustained vacci-
nation of a high percentage of the population against a 
pathogen for which man is the only reservoir can result 
in its regional or even, in the ideal case, global elimi -
nation (1). The total elimination of smallpox and the 
marked reduction of the incidence of poliomyelitis 
worldwide are impressive examples of the benefits of 
immunization (Figure 1) (e3).

Methods
In Germany, the Standing Vaccination Committee 
(Ständige Impfkommission, STIKO) at the Robert Koch 
Institute (RKI, the German equivalent of the Centers 
for Disease Control in the United States) issues recom-
mendations on vaccination after systematic review of 
all available scientific data on the vaccines in question. 
The RKI also takes its own surveillance data and the 
findings of vaccine approval studies into account, as 
well as issues of practical implementation, public ac-
ceptability, and evaluation of the vaccination program 
once it is in progress. All of the data that have been con-
sidered in the deliberative process before the issuance 
of a recommendation are summarized on the RKI web-
site, in which the STIKO explains the scientific basis 
for each decision taken (see www.rki.de > English > 
Prevention of infection > Vaccination). This article is 
based on the STIKO’s explanations of its decisions and 
on a selective review of the pertinent literature.

Learning objectives
 The learning objectives for readers of this article are:
● to gain knowledge of the rationale for, and practical im-

plementation of, the STIKO’s current recommendations 
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The goals of vaccination
• Protecting the vaccinated person from the dis-

ease in question (individual immunity)
 • Protecting unvaccinated persons as well, if the 

vaccination rate is high (herd immunity)
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for vaccination of persons in all age groups against 
various diseases (as of July 2011);

● to understand how the protection that vaccines afford 
children, adolescents, and adults against infectious 
disease is established and consolidated.

The current STIKO recommendations  
on vaccination (as of July 2011)
The STIKO’s updated recommendations are published 
at least once a year (in the 30th calendar week of each 
year) in the Epidemiologisches Bulletin (2), and the 
scientific basis of these recommendations is explained 
in subsequent Bulletin issues. When events warrant, 
e.g., in epidemic or pandemic outbreaks of disease, 
timely recommendations are issued in addition to this 
annual update (e4, e5).

The central element of the STIKO recommendations 
is the vaccination calendar, in which the recommended 
optimal times for standard vaccinations in infants, 
children, adolescents, adults, and senior citizens are 
listed (Tables 1 and 2). Missed vaccinations are to be 
made up as soon as possible; the underlying principle is 
that every previously administered vaccination 
 contributes to the achievement of a state of full 
 immunity.

 

Vaccination recommendations  
up to the age of 11 months
In an infant’s first year, vaccinations are provided 
against:
●  diphtheria (D),
● tetanus (T),
● pertussis (aP),
●  Haemophilus influenzae type b (Hib),
●  poliomyelitis (IPV),
● hepatitis B (HB), and 
●  pneumococci (Pnk; 10- or 13-valent conjugate vac-

cine).
These vaccines are administered thrice at 4-week in-

tervals from the age of 8 weeks onward.
Fortunately, these infectious diseases are now under 

effective control in childhood and adolescence, as a 
consequence of the population-wide vaccination of in-
fants and children. None of them, however, has yet 
been totally eliminated (3).

Even though diphtheria and tetanus are now very 
rare in Germany, the prevalence of either or both of 
these diseases could rise again if the vaccination rate 

fell, or if general hygienic conditions became worse. In 
1990–1997, as a result of the collapse of the Soviet 
Union and the ensuing destabilization of the Russian 
medical system, there were more than 115 000 cases of 
diphtheria in the Russian Federation, which led to at 
least 3000 deaths (e6). In Germany, the RKI is notified 
of 0 to 4 cases of diphtheria per year, all of which are 
acquired outside the country and then imported across 
its borders (e7). The situation regarding tetanus is 
 comparable: at least 15 persons develop tetanus in 
 Germany each year, mostly elderly persons without 
 adequate immunization (e8). In countries with a low 
hygienic standard, tetanus tends to arise in neonates, 
who lack immunity because their inadequately immu-
nized mothers do not produce protective antibodies. 
The World Health Organization (WHO) reports that 
59 000 neonates died of tetanus around the world in 
2008 (e9).

Vaccination against pertussis, type b Haemophilus 
influenzae, and pneumococci protects infants and 
children, in particular, against severe invasive infec-
tions. The acellular pertussis vaccine was introduced in 
1995; more than 85% of children under 6 years of age 
are now vaccinated against pertussis. The incidence of 
pertussis in this age group has dropped as a result, from 
4000–6000 per 100 000 children per year (an estimate 
for the Lower Rhine region for the period 1987–1990) 
to 40–90 per 100 000 children per year (surveillance 
figures from the federal states in the former East Ger-
many) (4). Currently, pertussis among neonates and as 
yet unvaccinated infants remains a critical concern. 
These often life-threatening infections are usually 
 acquired from adults with undiagnosed pertussis.

Life-threatening infections caused by invasive type b 
Haemophilus influenzae, such as epiglottitis, pneu-
monia, and meningitis, have only been diagnosed in 
rare, sporadic cases since vaccination began (e10). 
Likewise, vaccination against pneumococci has lo-
wered the incidence of invasive pneumococcal infec-
tion among children under 2 years of age from 16.7 to 
7.4 per 100 000 per year (5). The incidence of pneumo-
coccal infection has dropped not only in children, but 
also in persons over age 65 (e11). This reflects the re-
duced transmission of pneumococci from children to 
adults and is thus a manifestation of herd immunity.

The comprehensive vaccination of infants world-
wide against poliomyelitis is the cornerstone of the 
 effort to eliminate this disease, which is currently 
among the leading objectives of global health policy.

The vaccination calendar
The central element of the STIKO recommen-
dations is the vaccination calendar, in which the 
recommended optimal times for standard vacci-
nations in infants, children, adolescents, adults, 
and senior citizens are listed.

The standard vaccinations
 Diphtheria (D), tetanus (T), pertussis (aP), 
 Haemophilus influenzae type b (Hib), 
 poliomyelitis (IPV), hepatitis B (HB), pneumococci 
(Pnk)
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The vaccination of infants against hepatitis B is in-
tended to prevent hepatitis B infection and the associ-
ated chronic disease state, which, in turn, promotes the 
development of hepatocellular carcinoma. If an infant 
becomes infected with hepatitis B, the risk of a chronic, 
persistent course is nearly 90% (e12). With the modern, 
multivalent combined vaccines (TDaP-Hib-HB-IPV) 
that are now available, children can be vaccinated 
easily and with minimal discomfort, as scheduled in the 
vaccination calendar. Children born prematurely are 
vaccinated according to their chronological age. 
Children born in the 28th gestational week or earlier 
should be given their first (combined) vaccine under 
observation in the hospital, so that vaccination reac-
tions such as bradycardia or apnea can be promptly 
 recognized and treated (e13). Likewise, children who 
have unexpected reactions after their first vaccination 
should receive all further vaccinations up to the age of 
six months under observation in the hospital; sub -
sequent vaccinations can be given on an outpatient 
basis (6). 

Vaccination recommendations  
for infants aged 12 to 23 months
A boost of baseline immunization (TDaP-Hib-HB-IPV 
and Pnk) is recommended for all children after they 
have reached the age of 11 months. This fourth vacci-
nation completes the child’s baseline immunization. 
Many studies have also documented the importance of 
a further boost in the second year of life. In Great 
 Britain, for example, there was a resurgence of type b 
Haemophilus influenzae infection because of declining 
immunity during the second year of life; the problem 
was solved by the introduction of the Hib booster in the 
second year (e14). 

The following vaccinations should also be given during 
the child’s second year:
●  Vaccination against serogroup C meningococci 

(MenC) to prevent invasive infection and meningitis 
caused by MenC (single vaccination with conjugate 
vaccine);

● two vaccinations with live vaccine against measles, 
mumps, and rubella (MMR, as a combined vaccine) 
and against varicella-zoster virus (VZV, either as a 
single vaccine or as a combined MMR–VZV vac-
cine [MMRV]) (Table 1). 

The second vaccination against MMR and VZV should 
be given no earlier than at the age of 15 months, and the 
two MMR or MMR-VZV vaccinations should be given at 

Vaccination recommendations for the 2nd year
All children should receive a boost of their base-
line immunizations after reaching the age of 11 
months. During the second year, they should be 
vaccinated against measles, mumps, rubella, 
 varicella, and meningococci. 

Recommendations for children and adolescents
 • Further booster vaccinations against tetanus, 
diphtheria, and pertussis at age 5–6 years 
 • Against tetanus, diphtheria, pertussis, and 
poliomyelitis at age 9–17 years
• Girls should be vaccinated against HPV.

FIGURE 1

Reported cases of poliomyelitis in Germany, 1946–1990; the smaller chart concerns 
the few cases reported since 1965.
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TABLE 1

Vaccination calendar (for standard vaccinations) of the Standing Vaccination 
Committee (STIKO) for infants and children aged 0-23 months*1 (2)

G, baseline immunization (in up to 4 vaccinations, designated G1–G4);  
*1 RKI: Recommendations of the Robert Koch Institute’s Standing Vaccination Committee (STIKO)  

as of July 2011; Epid. Bull. 30/2011.
*2 This dose can be omitted if a monovalent vaccine is used.

Vaccination

Tetanus (T)

Diphtheria (D)

Pertussis (aP)

Haemophilus influenzae 
type b (Hib)

Poliomyelitis (IPV)

Hepatitis B (HB)

Pneumococci (Pnk)

Meningococci (MenC)

Measles, mumps, rubella 
(MMR)

Varicella-zoster virus (VZV)

Age (months)

2

G1 

G1 

G1 

G1 

G1 

G1 

G1 

3

G2

G2

G2

G2*2

G2*2

G2*2

G2*2

4

G3

G3

G3

G3

G3

G3

G3

11–14

G4

G4

G4

G4

G4

G4

G4

G1 (≥ 12 months)

G1 

G1 

15–23

G2

G2

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2011; 108(45): 771–80 773



M E D I C I N E

least four weeks apart. Double vaccination against MMR 
is necessary for the maintenance of lifelong immunity 
against measles, which not only protects immunized indi-
viduals but is also an important step in the eradication of 
the disease. 

Vaccination recommendations for children and 
adolescents
For lasting immune protection, further booster vacci-
nations against tetanus, diphtheria, and pertussis are 
recommended at the age of 5 to 6 years, and against 
these three diseases and poliomyelitis at age 9 to 17 
years. Because the tetanus, diphtheria, and pertussis 
vaccines are more likely to provoke a local reaction in 
older children, vaccines with lower antigen content 

(Tdap[-IPV]) are recommended from age 5 onward. In 
the German-speaking countries, the tetanus component 
is designated “T,” independently of its antigen content.

Reinforcement of immunity against pertussis with a 
booster vaccination is especially important, because 
protection against pertussis lasts only four to seven 
years, on average, after vaccination or after a “wild” 
pertussis infection (e15). Reinforcement of immunity 
against poliomyelitis should not be missed, either; this 
is delivered in the last recommended repetition of IPV 
vaccination. Vaccination against human papilloma 
virus (HPV) in three doses has been recommended 
since 2007 for all girls aged 12 to 17 (ideally, before the 
first sexual intercourse). The available vaccines 
 reliably confer immunity to two HPV strains (HPV 16 

Poliomyelitis vaccination
The IPV booster at age 9-17 is the last required 
booster of poliomyelitis vaccination.

Pertussis
Because immunity to pertussis is lost four to 
seven years after infection or vaccination, adults 
who do not receive a booster vaccination can 
 develop a pertussis infection despite having been 
vaccinated (or infected) in childhood.

TABLE 2

Vaccination calendar (for standard vaccinations) of the German Standing Vaccination Committee (STIKO) for children from 
age 5 onward, adolescents, and adults (2)*1

 A, booster; S, standard vaccination; N, vaccination making up for a missed one (baseline immunization 
of all as yet unvaccinated persons and completion of incomplete vaccination series);G, baseline immunization.

*1RKI, recommendations of the Robert Koch Institute’s Standing Vaccination Committee (STIKO) as of July 2011; Epid. Bull.30/2011. 
* 2 Single vaccination with polysaccharide vaccine, booster recommended only for special indications.

*3 Single vaccination (preferably with MMR vaccine) for those born after 1970 age 18 or older who were vaccinated no more than once as children or with unknown 
vaccination status.

Vaccination

Tetanus (T)

Diphtheria (d)

Pertussis (ap)

Poliomyelitis (IPV)
Hepatitis B (HB)

Pneumococci (Pnk)
Meningococci (MenC)
Measles (M)
Mumps, rubella (MR)

Varicella-zoster virus (VZV)
Influenza

Human papilloma virus (HPV)

a Age (years)

5–6
A1

A1

A1

N

N
N
N

N

9–11
A2

A2

A2

A1

12–17

G1–G3
standard 
vaccination 
for girls and 
young women

 18-59
A (N, if indicated)
Boosters at 10-year intervals. The next 
due Td vaccination is given once as Tdap, 
or, if indicated, as a combined Tdap-IPV 
combined vaccination.

N, if indicated

S*3

 60 and onward

 S*2

S
annual vaccination
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and 18) that together account for about 70% of all cases 
of HPV-associated cervical cancer (e16). The concept 
of HPV vaccination is based on the well-established 
 relationship between persistent HPV infection and the 
later development of cervical cancer, as will be 
 discussed below in greater detail. 

In general, the age window from 9 to 17 years should 
be used to close vaccination gaps and to make up for 
any standard vaccinations for infancy, childhood, and 
adolescence that may have been missed. There are two 
exceptions to this rule: missed anti-pneumococcal 
 vaccinations must be made up for by the child’s second 
birthday, and missed Hib vaccinations by the age of 5 
years (Table 2). 

Vaccination recommendations for adults
Booster vaccinations against tetanus and diphtheria are 
recommended at ten-year intervals, so that the immu -
nity acquired through vaccination in childhood and 
adolescence can be maintained in adulthood. 

It has been recommended since 2009 that adults who 
were last vaccinated against pertussis more than 10 
years ago should receive a single booster vaccination 
against tetanus, diphtheria, and pertussis (e17). 
 Because immunity to pertussis is lost four to seven 
years after infection or vaccination (as already men-
tioned above), pertussis infection might otherwise recur 
in adulthood. Studies have shown that 17% to 30% of 
adults who suffer from cough for more than three 
weeks are, in fact, infected with Bordetella pertussis. 
Pertussis in adults takes an atypical course and often 
goes unrecognized; if it then spreads to young infants 
who have not yet been vaccinated, life-threatening in-
fection can result (e18). At present, 60% of all patients 
hospitalized for complicated pertussis infections are 
either infants in the first year of life or elderly adults 
(4). Pertussis vaccination in adulthood is recommended 
not just to protect the adults themselves, but also to pro-
tect the as yet unvaccinated neonates and young infants 
to whom the infection might spread (7).

Clinical studies have shown that adolescents and 
adults with unknown vaccination status or unknown 
immune status can be reliably protected against pertus-
sis with a single vaccination (8). Pertussis vaccine is 
currently available only in combination with d and T 
vaccines. There is, however, no basis to the oft-
 expressed concern that adverse effects might arise more 
frequently if booster vaccinations are given too early, 
e.g., if the TdaP vaccine is given within 5 years of the 

last Td vaccination. In one study, Canadian adolescents 
who received a TdaP booster vaccination 18 to 30 
months after their last Td vaccination did not have 
more adverse effects than those who received it at inter-
vals longer than 9.5 years (e19). Adults who received a 
Td vaccination and then a TdaP-IPV vaccination four 
weeks later did not have more adverse effects than 
those who received a placebo (9).

Persons whose vaccination status is unknown (e.g., 
because of missing documentation) or who did not re-
ceive their baseline vaccinations against tetanus, diph-
theria, pertussis, and/or poliomyelitis should unques-
tionably make up for their missed vaccinations in adult-
hood. The available combination vaccines with lower 
antigen content have been approved only for use as 
boosters; therefore, baseline vaccination in adulthood 
must be provided with single tetanus, diphtheria, and 
IPV vaccines, or with a tetanus-diphtheria combined 
vaccine. In such cases, baseline vaccination with a 
TdaP-(IPV) combination vaccine suffices to confer im-
munity against pertussis.

Adults are often naturally immune to varicella and, if 
they were born before 1970 (i.e., before population-
wide MMR vaccination), to measles, mumps, and ru-
bella as well. The elimination of measles and rubella in 
Europe by the year 2015 has been set as an objective by 

Natural immunity
Adults are often naturally immune to varicella 
and, if they were born before 1970 (i.e., before 
population-wide MMR vaccination), to measles, 
mumps, and rubella as well.

Vaccination recommendations for persons 
over age 60
From age 60 onward, annual vaccination against 
(seasonal) influenza is recommended, as is a 
single vaccination against pneumococci with a 
multivalent polysaccharide vaccine.

TABLE 3

Measles incidence in Germany, overall and in infants 
less than 1 year old, based on cases reported to the Ro-
bert Koch Institute as required by law, 2001–2009 (e21)

Year

2001
2002
2003
2004
2005
2006
2007
2008
2009

Overall cases
per 100 000 

7.3
5.7
0.9
0.1
1.0
2.8
0.7
1.1
0.7

Cases in infants 
under 1 year old,
 per 100 000
15.7
22.8
 5.7
 2.1
 5.6
22.8
 3.5
 4.1
 7.3
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both the World Health Organization and the German 
government (10, e20). Surveillance data of the Robert 
Koch Institute, however, reveal that the rates of measles 
infections among adults aged 20 to 39 and among in-
fants have actually increased (Table 3, Figure 2) (e21). 
The rising incidence among not-yet-vaccinated infants 
is attributable to a lower rate of immunity conferred 
during gestation via maternal antibodies from immune 
mothers (e22, e23). On the other hand, the rising inci-
dence of measles among 20-to-39-year-olds reflects a 
gap in immunity, which has two causes: first, the failure 
to obtain primary and/or booster vaccination, and, 
 second, a lower rate of natural immunity due to prior 
measles infection. In 2005, a seroprevalence study 
among first-year medical students at the University of 
Frankfurt am Main (aged 20 to 45 years) revealed 
 adequate immunity to measles in only 84% (11). To 
stem the continuing endemic spread of measles in Ger-
many, it has been recommended since July 2010 that all 
persons born after 1970 who were vaccinated against 
measles only once in childhood, or not at all, should 
now be given MMR vaccine (e21). The STIKO does 
not recommend measles vaccination for unvaccinated 

persons born before 1970. Nonetheless, if such a person 
is reliably known never to have had measles, then 
 vaccination should certainly be considered. 

As the human immune system functions less well 
with advancing age, the elderly are at greater risk of se-
vere, invasive infection. For this reason, persons aged 
60 and above should receive annual vaccinations 
against (seasonal) influenza (e24) and a single 
 anti-pneumococcal vaccination with a multivalent 
polysaccharide vaccine. Repeated vaccination with the 
non-conjugated anti-pneumococcal vaccine is not rec-
ommended, not only because of the increased risk of 
adverse reactions with repeated vaccination, but also 
because immunity may continue to decline despite the 
booster (underresponsiveness) (e25, e26). Only persons 
at high risk of pneumococcal infection, e.g., because of 
chronic heart or lung disease, should have a second 
anti-pneumococcal vaccination five years after their 
 initial one (as stated in the product information for 
physicians) (12). 

Controversies about vaccination
Human papilloma virus (HPV)
The available scientific evidence implies that persistent 
infection with at least one of the 15 so-called high-risk 
types of HPV is a prerequisite for the development of 
cancer of the uterine cervix (13, 14). 70% of all cases of 
solid, invasive cervical tumors are associated with just 
two of these high-risk types, namely, types 16 and 18 
(e27). Each year in Germany, 13 of every 100 000 
women newly develop cervical cancer (e28). The Fed-
eral Statistical Office reports that 1566 women died of 
this disease in Germany in 2007. There has not been 
any systematic assessment to date in Germany of the 
disease burden of preliminary stages of uterine cancer, 
known as cervical intraepithelial neoplasia (CIN), or of 
the burden of persistent HPV infection. It has, however, 
been estimated from insurance claims data that 140 000 
cervical operations (conizations) and 2200 hysterec-
tomies are performed in Germany each year for the 
diagnostic assessment and/or treatment of suspected 
cervical cancer (e29, e30).

A vaccine against HPV types 6, 11, 16, and 18 has 
been available since 2006, and a further vaccine against 
types 16 and 18 has been available since 2007. Types 6 
and 11, though not among the high-risk types for 
cancer, are responsible for the formation of condyloma-
ta acuminata. With the goal of lowering the incidence 
of cervical cancer, vaccination against HPV (types 16 

Human papilloma virus
With the goal of lowering the incidence of cervical 
cancer, vaccination against HPV (types 16 and 18) 
has been officially recommended in Germany 
since March 2007 for all girls aged 12 to 17.

The timing of HPV vaccination
The series of three doses of the vaccine should be 
given between age 12 and age 17 and completed 
before the first sexual intercourse, if possible.

FIGURE 2

The incidence of measles in Germany by age, 2001–2009, calculated from the 
numbers of cases reported to the Robert Koch Institute as required by law (e21). Dark bars, 
children under age 10; light bars, children age 10 or older and adults. 
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and 18) has been officially recommended in Germany 
since March 2007 for all girls aged 12 to 17 (e16). The 
series of three doses of the vaccine should be com-
pleted before the first sexual intercourse, if possible.

The years 2008 and 2009 witnessed a public contro-
versy in Germany about the efficacy and possible harm 
of HPV vaccination. The issues raised for critical 
 discussion included for the following:
●  The STIKO recommended vaccination before the 

results of important studies of the efficacy of the 
vaccine were published (15).

●  The drug approval authorities accepted the use of 
preliminary stages of cancer (CIN 2 and 3, and 
carcinoma in situ) as endpoints for clinical studies 
of efficacy, even though these conditions are only 
surrogate markers for the disease to be prevented, 
i.e., cervical cancer. Thus, in the strictest scientific 
sense, vaccination has only been shown to prevent 
precancerous conditions, rather than cancer itself. 

Persistent infection with high-risk types of HPV is 
an indispensable prerequisite for the development of 
cervical cancer. It is, therefore, biologically plausible to 
suppose that the prevention of HPV infection by vacci-
nation can also prevent the subsequent development of 
cancer. Decades generally elapse from the onset of 
chronic, persistent HPV infection to the appearance of 
cervical cancer. It would be ethically unacceptable for a 
treatment known to prevent precancerous conditions 
(CIN 2+) to be withheld from the patients participating 
in the trial, merely to await the formal demonstration 
10 to 20 years later that it can also prevent the defini-
tive endpoint, i.e., the development of cancer itself. 

No serious adverse effects of HPV vaccination have 
yet been observed, either in the course of the approval 
studies or afterward, when the vaccine was given to 
millions of women. In 2007, two young women 
died—one in Germany, one in Austria—shortly after 
being vaccinated against HPV. The Paul Ehrlich 
 Institute investigated both deaths in its ongoing phar-
macovigilance program, and then released its final 
 assessment (e31): no causal relationship between HPV 
vaccination and death was established in either case, 
and the temporal nearness of vaccination and death in 
both of these tragic cases is presumed to have been no 
more than a coincidence. Nonetheless, reports of these 
two deaths in the popular press markedly lessened pub-
lic confidence in the safety of the HPV vaccine. The 
vaccination rate among 12– and 13-year-old girls, at 
one time 40%, has now dropped to about 10% (e32).

In August 2009, the STIKO published an 
 evidence-based reassessment of HPV vaccination that 
took account of all available studies on the safety and 
efficacy of HPV vaccines (e30). Both of the approved 
vaccines were found to be more than 90% effective for 
the prevention of HPV 16- or 18-associated CIN 2+ in 
women who were seronegative for HPV 16 and/or 18 
before vaccination and who received all three doses of 
the vaccine (e30). In the approval studies for the quad-
rivalent HPV vaccine, HPV 16-associated CIN 1+ 
lesions were seen after 42 months of observation in 6 of 
6648 vaccinated women, compared with 97 of 6257 
who had received a placebo instead of the vaccine; 
HPV 18-associated CIN 1+ lesions were seen in 1 of 
7158 vaccinated women, compared with 47 of 7092 
who had received placebo (16). These figures 
 correspond to 94.0% efficacy for HPV 16 and 97.9% 
efficacy for HPV 18. In the approval study for the bi-
valent vaccine, HPV 16/18-associated CIN 2+ lesions 
were seen in 4 of 7344 vaccinated women and 56 of 
7312 who had received placebo during an observation 
period of 34.9 months, corresponding to 92.9% effi-
cacy for the prevention of CIN 2+ lesions (17). The 
available data also document cross-protection by this 
vaccine against further oncogenic types of HPV (types 
31, 33, and 45) (18). Either HPV vaccine confers a 
lesser benefit if HPV infection is already present at the 
time of vaccination (e33). After its reevaluation, the 
STIKO still recommends that all girls aged 12 to 17 
should be vaccinated against HPV. The currently avail-
able data do not answer the question whether booster 
vaccination is needed.

Rotavirus (RV)
Rotavirus infection is the most common cause of acute 
gastroenteritis in infants and small children around the 
world. Each year, some 440 000 infants and small 
children die of rotavirus infection, mainly in the so-
called developing countries (34). The surveillance data 
of the Robert Koch Institute reveal that, in Germany, 
rotavirus infection causes many hospitalizations of 
children below the age of five years (19). From 2001 to 
2008, an annual average of 39 609 rotavirus infections 
was reported to the RKI (range, 28,134 to 47,619); out 
of this number, 17 636 infections per year (44%; range, 
12 383 to 23 263) were in hospitalized children. 
 Nonetheless, long-term damage to health, or death, due 
to rotavirus infection is extremely rare in Germany. 
From 2004 to 2008, a total of 8 deaths due to rotavirus 

The efficacy of HPV vaccination
The two approved HPV vaccines are more than 
90% effective for the prevention of HPV 16- or 
18-associated CIN 2+ in women who were sero-
negative for HPV 16 and/or 18 before vaccination.

Rotavirus infection
Each year, some 440 000 infants and small 
children die of rotavirus infection, mainly in the 
so-called developing countries.
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infection in children under 5 years of age were reported 
to the RKI. This corresponds to a lethality of less than 
0.001% (19). Thus, any recommendations regarding 
possible vaccination against rotaviruses must proceed 
from a very different factual base in Germany than in 
developing countries where rotavirus causes a heavy 
burden of disease and death.

Two vaccines against rotavirus have been approved in 
Germany since 2006, one for infants aged 6 to 24 weeks 
and the other for infants aged 6 to 26 weeks. The clinical 
approval studies found both vaccines highly effective for 
the prevention of rotavirus-mediated diseases of all levels 
of severity, as well as for the prevention of severe cases in 
particular (74% effectiveness [95% CI, 67–80%] and 85% 
effectiveness [95%CI, 72–92%], respectively) (20, 21). 
For one subgroup in the approval study for one of these 
two rotavirus vaccines, the efficacy of the vaccine was 
tested in a population in Finland and the USA (20). 83 of 
2384 vaccinated children and 318 of 2839 children who 
had received placebo developed an RV infection. These 
figures correspond to an absolute risk reduction (ARR) of 
8.3% and to a number needed to vaccinate (NNV) of 12 in 
relation to the population studied. The follow-up after 
 vaccination was for at least one infection season. The 
 effectiveness of the two rotavirus vaccines is revealed 
mainly by the figures relating to rotavirus-related hospital-
ization and treatment in emergency rooms (ERs); in the 
approval studies, the vaccines prevented these events with 
85–100% effectiveness (20, 21). Only 20 of 34 035 vacci-
nated children were hospitalized or treated in an ER be-
cause of rotavirus infection, compared to 383 of 34 003 
children who had received placebo (20). This corresponds 
to an ARR of 1.1% and an NNV of 91 in relation to the 
study population. In countries where RV vaccination has 
been carried out on a large scale, including the USA, 
Mexico, and Austria, a marked reduction of the disease 
burden has been reported (22, e35–e37). Moreover, since 
the introduction of population-wide vaccination in these 
countries, the infection rates among older, unvaccinated 
children have declined, indicating that herd immunity has 
developed as well. 

With respect to the safety of RV vaccines, no higher 
risk for any type of severe complication was found in the 
approval studies, which involved more than 70 000 
 infants; in particular, there was no higher risk of intussus-
ception (20, 21). On the other hand, data on vaccination 
side effects that were spontaneously collected after the 
 introduction of RV vaccination in Mexico, Brazil, and 
Australia were reported in the summer of 2010 to provide 

initial evidence of a mildly elevated incidence of 
 intussusception after vaccination, in comparison with a 
historically determined background incidence (23). In 
Australia, the relative risk of intussusception was found to 
be elevated 1 to 21 days after administration of the initial 
dose of RV vaccine (e38). A recent study from Mexico and 
Brazil likewise indicates that intussusception is more 
common after RV vaccination (e39). The American 
 authorities, having weighed this small risk against the 
known benefit of vaccination, have not yet considered 
changing their recommendations, but prior intussuscep-
tion is now listed as a contraindication for rotavirus vacci-
nation in the information for physicians that is provided 
with each of the two vaccines (24).

In early 2007, the STIKO took a generally positive 
view of RV vaccination but did not recommend it for 
population-wide use (e40). As RV-associated disease in 
Germany tends to be an acute and transient event, with 
only very rare cases of severe or lethal infection, any RV 
vaccine must be shown to be highly safe and well 
 tolerated before a general recommendation can be given 
to vaccinate. Initial studies that have already been per-
formed, and further ones that are underway, regarding the 
association between RV vaccination and intussusception 
are expected to shed more light on the subject. As the RV 
vaccines are also very expensive, a health-economic 
analysis would also be advisable (such analyses have 
 already been performed in other European countries) (25, 
e41). RV vaccination is now paid for by many statutory 
health insurance carriers and can, of course, be reim -
bursably administered in the manner for which it was 
 approved (e42, e43). The STIKO is now carrying out a 
new epidemiologic risk-benefit analysis of population-
wide RV vaccination. 
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Please answer the following questions to participate in our certified Continuing Medical Education program. 
Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1
At what interval after their last pertussis vaccination should adults be 
given a booster vaccination?
a) 5 years     
b) 10 years   
c) 15 years 
d) 20 years   
e) 25 years

Question 2
When and how should vaccinations against measles, mumps, and 
 rubella be given?
a) As the measles vaccine is a live vaccine, the first vaccination should be 

given no earlier than the second birthday, and the second at some time 
before age 5.

b)  These three vaccinations should be given individually between the ages 
of 11 and 14 months.

c) A single MMR vaccination is given in the child’s third year and does not 
need to be repeated.

d) The first MMR vaccination is given between 11 and 14 months and the 
second one before the end of the second year.

e) The MMR vaccine is reserved for high-risk patients, regardless of age.

Question 3
What atypical manifestations are seen in adult pertussis infection?
a) Staccato cough on standing up or after exercise
b) Persistent cough for more than 3 weeks
c) Voluminous expectoration for months at a time
d) Impared respiratory performance on sustained exercise
e) Orthopnea and acute dyspnea when lying down and during sleep

Question 4
Which of the following is an important fact about vaccination in pre-
mature neonates (i.e., those born before the 28th gestational week)?
a) They should receive their vaccinations intravenously through a central 

 venous catheter 48 hours after birth to minimized the risk of infection.
b)They should be vaccinated according to the STIKO vaccination calendar, 

but at a delay correponding to their gestational (not chronological) age. 
c) They should be fed exclusively on mother’s milk so that they will have 

 adequate baseline immunity during the entire first year of life.
d) They should be vaccinated against rotavirus and hepatitis A and B right 

after birth, because they will be spending a long time in the hospital.
e) They should be vaccinated according to the STIKO calendar at the same 

times as full-term babies, by their chronological (not gestational) age. 

Question 5
To what value has the incidence of invasive pneumococcal infection in 
children under 2 been reduced by anti-pneumococccal vaccination?
a) 3.4/100 000  
b) 4.4/100 000   
c) 5.4/100 000
d) 6.4/100 000
e) 7.4/100 000

Question 6
According to the STIKO recommendations, who should be vaccinated 
against human papilloma virus, when, and how?
a) Boys and girls aged 12-15, before the first sexual intercourse if possible
b) Girls aged 12-17, before the first sexual intercourse if possible
c) Boys aged 15-18, after the first sexual intercourse if possible

d) Boys aged 12-15, before the first sexual intercourse if possible
e) Girls aged 15-18, after the first sexual intercourse if possible

Question 7
What should persons over age 60 be vaccinated against?
a) Influenza (annually) and pneumococci (once)
b) Meningococci and Haemophilus influenzae type b
c) Pneumococci (once) and varicella-zoster virus
d) Dihptheria and tetanus (both annually)
e) Influenza and pneumococci (both annually)

Question 8
A 27-year-old student who grew up in Germany comes to the emer-
gency room after a fall from his bicycle in which he sustained 
 cutaneous scrapes and bruises. He tells you, apparently reliably, that 
he received all the usual vaccinations as a child, but none since then. 
What do you advise?
a) No vaccination
b)  Tetanus booster vaccination
c)  TD booster vaccination
d) Td booster vaccination (with reduced antigen content)
e) TdaP booster vaccination

Question 9
A12-year-old girl who has never been vaccinated comes to your office. 
She has learned in school that there is a vaccine against sexually 
transmitted diseases. Her parents want to know what vaccinations 
should now be given. She has never had chickenpox, nor has she had 
measles, mumps, or rubella, as far as she or her parents know. What 
vaccinations should she receive for baseline immunization, according 
to the STIKO recommendations?
a)   2 × T, d (or Td), IPV, third vaccination with Tdap-IPV,  

3 × HB, 3 × HPV, 2 × MMR-VZV, 1 × MenC
b)   3 × sixfold vaccine TdaP-IPV-Hib-HB,  

2 × MMR-VZV, 3 × HPV, 1 × MenC
c)   2 × T, d (or Td), IPV, third vaccination with Tdap-IPV,  

3 × HB, 1 × MMR-VZV, 1 × MenC, 1 × HPV
d)   3 × Tdap-IPV, 3 × HB, 2 × MMR-VZV, 1 × MenC, 3 × HPV
e)  3 × T, d, IPV, 3× HB, 2 × MMR, 1 × MenC, 3 × HPV

Question 10
The parents of a 20-month-old girl show you her vaccination certifi-
cate, which documents her having received the sixfold TdaP-Hib-HB-
IPV vaccine four times and a conjugate Pnk vaccine four times. Having 
moved to a new city and changed pediatricians, the parents admit 
they are no longer sure what vaccinations the child has received. They 
ask you whether everything is up to date. What is your assessment?
a)   All vaccinations have been given according to the STIKO recommen-

dations, and no further ones are needed for the moment.
b)   All vaccinations have been given according to the STIKO recommen-

dations until now, and it is time for the first MMR vaccination. 
c) According to the STIKO recommendations, the next scheduled vaccination 

is the one against human papilloma virus.
d) Among the standard vaccinations recommended by the STIKO, the HB 

vaccination and the first MMR vaccination have been missed. These 
should be made up for as soon as possible.

e)  Among the standard vaccinations recommended by the STIKO, the first 
MMR-VZV vaccination has been missed. It should be made up for as 
soon as possible,The vaccination against type C meningococcus that is 
recommended during the child’s second year should also be given.

780 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2011; 108(45): 771–80



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2011; 108(45) | Wiese-Posselt et al.: eReferences I

CONTINUING MEDICAL EDUCATION

Vaccination Recommendations for Germany
by Miriam Wiese-Posselt, Christine Tertilt, and Fred Zepp

e18.  Wendelboe A, Hudgens M, Poole C, Van Rie A: Estimating the role 
of casual contact from the community in transmission of Borde-
tella pertussis to young infants. Emerging Themes in Epidemiol-
ogy 2007; 4(1): 15.

e19.  Halperin SA, Sweet L, Baxendale, et al.: How soon after a prior 
tetanus-diphtheria vaccination can one give adult formulation 
tetanus-diphtheria-acellular pertussis vaccine? Pediatr.In-
fect.Dis.J 2006; 25(3): 195–200.

e20.  World Health Organization (WHO)/UNICEF: Joint statement – Glo-
bal plan for reducing measles mortality 2006–2010. www.who.
int > Programmes and projects > Immunization, Vaccines and 
Biologicals > IVB Document Centre > WHO/IVB/05.11.

e21.  Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
am Robert Koch-Institut: Änderung der Empfehlung zur Impfung 
gegen Masern. Epid Bulletin 32/2010: 315–21.

e22.  Mankertz A, Hülße Ch, Tischer A: Welche Veränderungen für den 
Nestschutz sind bei Kindern geimpfter Mütter zu erwarten? Unter-
suchungen zur Leihimmunität bei Masern, Mumps und Röteln. 
Kinderärztliche Praxis 2006; 77: 10–18.

e23.  Nicoara C, Zäch K, Trachsel D, Germann D, Matter L: Decay of 
passively aquired maternal antibodies against measles, mumps, 
and rubella viruses. Clin Diagn Lab Immunol 1999; 6(6): 868–871.

e24.  Reuss AM, Walter D, Feig M, et al.: Influenza vaccination coverage 
in the 2004/05, 2005/06, and 2006/07 seasons: a secondary 
data analysis based on billing data of the German Associations of 
Statutory Health Insurance Physicians. Dtsch Arztebl Int 2010; 
107(48): 845–50.

e25.  Törling J, Hedlund J, Konradsen HB, Ortqvist A: Revaccination 
with the 23-valent pneumococcal polysaccharide vaccine in 
middle-aged and elderly persons previously treated for pneu-
monia. Vaccine 2003; 22(1): 96–103. 

e26.  Mufson MA, Hughey DF, Turner CE, Schiffman G: Revaccination 
with pneumococcal vaccine of elderly persons 6 years after 
 primary vaccination. Vaccine 1991; 9(6): 403–7.

e27.  Clifford G, Francesschi S, Diaz M, Muñoz N, Villa LL: Chapter 3: 
HPV type-distribution in women with and without cervical neo-
plastic disease. Vaccine 2006; 24(Suppl 3): 26–34.

e28.  Robert Koch-Institut: Krebs in Deutschland 2005/2006. Häufig-
keiten und Trends. 7. überarbeitete Ausgabe 2010. Robert Koch-
Institut (Ed.) und Gesellschaft der Epidemiologischen Krebsre -
gister in Deutschland e. V. (Ed.): 60–64. www.gekid.de > 
Krebsregister.

e29.  Mühlhauser I, Filz M: Screening auf Zervixkarzinom. arznei-
 telegramm 3/2008; 39: 29–38.

e30.  Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
am Robert Koch-Institut: Impfung gegen HPV – Aktuelle Bewer-
tung der STIKO. Epid Bulletin 32/2009: 319–27.

e31.  Paul-Ehrlich-Institut: Informationen zu den Untersuchungsergeb-
nissen der beiden Todesfälle aus Deutschland und Österreich. 
19.2.2008. Einsehbar unter: www.pei.de > Information > Ärzte 
und Apotheker > Impfungen / Impfstoffe > Informationen zu HPV 
Impfstoffen.

e32.  Deutsches Ärzteblatt: Impfquoten gegen humane Papillomviren 
rückläufig. Nachrichten 9. Juni 2011. www.aerzteblatt.de/nach
richten/46191/Impfquoten_gegen_humane_Papillomviren_ 
ruecklaeufig.htm.

e33.  Hildesheim A, Herrero R, Wacholder S, et al.: Effect of human 
 papillomavirus 16/18 L1 viruslike particle vaccine among young 

eReferences

e1.  Schneeweiß B, Pfleiderer M, Keller-Stanislawski, B-I: Vaccination 
Safety Update Dtsch Arztebl 2008; 105(34–35): 590–5.

e2.  Schmitz R, Poethko-Müller C, Reiter S, Schlaud M: Vaccination 
status and health in children and adolescents—findings of the 
German health interview and examination survey for children and 
adolescents (KiGGS). Dtsch Arztebl Int 2011; 108(7): 99–104.

e3.  Dutta A: Epidemiology of poliomyelitis–Options and update. 
 Vac cine 2008; 26(45): 5767–5773.

e4.  Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
am Robert Koch-Institut: Empfehlung der Ständigen Impfkommis-
sion (STIKO) am Robert Koch-Institut zur Pertussis-Schutzimpfung 
Stand: Januar 2006. Epid Bulletin 3/2006: 21–23.

e5. Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
(STIKO) am Robert Koch-Institut: Impfung gegen Neue Influenza A 
(H1N1). Epid Bulletin 41/2009: 403–424.

e6. Markina SS, Maksimova NM, Vitek CR, Bogatyreva EY, Monisov 
AA: Diphtheria in the Russian Federation in the 1990s. J Infect 
Dis 2000; 181: 27–34.

e7.  Robert Koch-Institut: Infektionsepidemiologisches Jahrbuch 
2001–2009. www.rki.de > Infektionsschutz > Infektionsepi. 
Jahrbuch > Jahrbücher.

e8.  Robert Koch-Institut: Tetanus: Ratgeber Infektionskrankheiten – 
Merkblätter für Ärzte (Last accessed: March 2010). www.rki.de > 
Infektionskrankheiten A-Z > Tetanus.

e9.  Weltgesundheitsorganisation (WHO): Vaccine preventable dis-
eases: Maternal and Neonatal Tetanus (MNT) elimination. www.
who.int/immunization_monitoring/diseases/MNTE_initiative/en/ 
index.html.

e10.  Erhebungseinheit für seltene pädiatrische Erkrankungen in 
Deutschland (ESPED): ESPED-Jahresberichte 2006 & 2007. 
www.esped.uni-duesseldorf.de > Berichte.

e11.  Pilishvili T, Lexau C, Farley M M, et al.: Sustained reductions in in-
vasive pneumococcal disease in the era of conjugate vaccine. JID 
2010; 201(1): 32–41.

e12.  Scholz H, Lang T, Repp R, Rieske K, Wirth S: Hepaitis B. In: Deut-
sche Gesellschaft für pädiatrische Infektiologie (Ed.): Handbuch 
Infektionen bei Kindern und Jugendlichen. München: Futuramed-
Verlag 2000; 322.

e13.  Schulzke S, Heininger U, Lücking-Famira M, Fahnenstich H: Ap-
noea and bradycardia in preterm infants following immunisation 
with pentavalent or hexavalent vaccines. Eur J Pediatr 2005; 164 
(7): 432–5.

e14.  Ladhani S, Slack MP, Heys M, White J, Ramsay ME: Fall in Hae-
mophilus influenzae serotype b (Hib) disease following implemen-
tation of a booster campaign. Arch Dis Child 2008; 93(8): 665–9.

e15.  Wendelboe AM, Van Rie A, Salmaso S, Englund JA: Duration of 
immunity against pertussis after natural infection or vaccination. 
Pediatric Infectious Disease Journal 2005; 24(5)Suppl: 58–61.

e16.  Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
am Robert Koch-Institut: Impfung gegen humane Papillomaviren 
(HPV) für Mädchen von 12 bis 17 Jahren – Empfehlung und Be-
gründung. Epid Bulletin 12/2007: 97–103.

e17.  Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
am Robert Koch-Institut: Zusätzliche Pertussis-Impfung im Er-
wachsenenalter als Tdap-Kombinationsimpfung bei der nächsten 
fälligen Td-Impfung – Empfehlung und Begründung. Epid Bulletin 
31/2009: 299–311.



M E D I C I N E

II Deutsches Ärzteblatt International | Dtsch Arztebl Int 2011; 108(45) | Wiese-Posselt et al.: eReferences

women with preexisting infection: a randomized trial.  
JAMA 2007; 298(7): 743–53.

e34.  Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI: 
Global illness and deaths caused by rotavirus disease in children. 
Emerg Infect Dis. 2003; 9: 565–72.

e35.  Richardson V, Hernandez-Pichardo J, Quintanar-Solares M, et al.: 
Effect of rotavirus vaccination on death from childhood diarrhea in 
Mexico. N Engl J Med. 2010 Jan 28; 362(4): 299–305.

e36.  Clark HF, Lawley D, Matthijnssens J, DiNubile MJ, Hodinka RL: 
Sustained decline in cases of rotavirus gastroenteritis presenting 
to the Children’s Hospital of Philadelphia in the new rotavirus 
 vaccine era. Pediatr Infect Dis J. 2010; 29(8): 699–702.

e37.  Boom JA, Tate JE, Sahni LC, et al.: Effectiveness of pentavalent 
rotavirus vaccine in a large urban population in the United States. 
Pediatrics. 2010; 125(2): e199–207.

e38.  Buttery JP, Danchin MH, Lee KJ, et al: Intussusception following 
rotavirus vaccine administration: post-marketing surveillance in 
the National Immunization Program in Australia. Vaccine 2011; 
29(16): 3061–6.

e39.  Patel MM, López-Collada VR, Bulhoes, et al.: Intussusception risk 
and health benefits of rotavirus vaccination in Mexico and Brazil. 
NEJM 2011; 364: 2283–92.

e40.  Robert Koch-Institut: Mitteilung der Ständigen Impfkommission 
am Robert Koch-Institut: Fragen und Antworten zur Möglichkeit 
einer Impfung gegen Rotaviruserkrankungen. Epid Bulletin 
2/2007: 9–11.

e41. Jit M, Edmunds WJ: Evaluating rotavirus vaccination in England 
and Wales. Part II. The potential cost-effectiveness of vaccination. 
Vaccine. 2007 May 16; 25(20): 3971–9.

e42.  Robert Koch-Institut: Stellungnahme der Ständigen Impfkommis-
sion zur Rotavirus-Impfung. Epid Bulletin 33/2010: 335.

e43. Gesundes Kind: Wer bezahlt die Impfung gegen Rota-Viren? 
www.gesundes-kind.de.


