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Abstract
In modern medicine the discipline pediatric infectious diseases is an essential medical 
specialty. The challenging and complex tasks in the next years include meticulous con-
solidation and careful extension of existing activities aiming at conducting high level 
research, offering high standard teaching, and providing high quality patient manage-
ment. This can only be accomplished by exquisitely dedicated individuals with extraordi-
nary communication and integrative skills following painstaking continued training and 
formation. Potential careers in the discipline can be envisioned not only in academics, but 
also in government, public health, and industry, whilst less likely in private practice.

Introduction

The discipline pediatric infectious diseases has evolved to an essential medi-
cal specialty and faces major challenges in the years to come. One of the 
most important tasks of pediatricians has always been the management of 
patients with communicable diseases. The main reason for this is the higher 
frequency of infectious diseases in infants and young children compared to 
older children and adults due to the limited adaptive immunity repertoire 
and thus increased susceptibility to common pathogens. Therefore, pediatri-
cians are considerably involved in the diagnosis, treatment and prevention 
of infectious diseases. In consequence, every pediatrician must be consid-
ered also an infectious disease specialist. This, in turn, has been a downside 
for the development of pediatric infectious diseases as a medical disci-
pline recognized on its own in many countries. Nevertheless, the multiple 
technical advances in the recent years have led to substantially improved 
prevention and treatment success rates in many pediatric disciplines, and 
a plethora of these success rates are linked to the integral role of pediat-
ric infectious disease specialists providing profound knowledge, expertise 
and quality assurance. Accordingly, pediatric infectious disease specialists 
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nowadays play a pivotal role both for community pediatrics and for clinical 
pediatrics in highly specialized medical centers.

This chapter attempts to summarize the current different activities of 
pediatric infectious disease specialists, to delineate their interactions with 
other medical disciplines and to speculate on the near future goals and 
development of this specialty with the widest scope compared to all the 
specialties in medicine.

Current activities of the pediatric infectious disease specialist

Similarities, overlaps and differences in relation to infectious diseases 
in adults

Pediatric infectious disease specialists are based mainly in hospital settings 
and have very similar activities in clinics, teaching and research compared to 
their counterparts in adult medicine. The four disciplines microbiology, epi-
demiology, immunology, and pharmacology build up the essential basis for 
both pediatric and adult infectious disease specialists. Nevertheless, despite 
several overlaps that are beneficial for constructive professional interac-
tions, the position of the pediatric infectious disease specialists differ from 
those of specialists for adult infectious diseases. These differ not only in rela-
tion to the basic training in pediatrics and internal medicine, respectively, 
but also in relation to distinct focuses in the clinics obviously mandated 
by many age-related uniqueness of patients in the pediatric age (Tab. 1). 
Etiology, epidemiology, pathogenesis, management and prevention of infec-
tious diseases in children may substantially differ from those in adults.

One important example of the uniqueness of pediatric infectious diseas-
es is the need to deal with infections in newborns. Newborns have distinct 
pathophysiological characteristics, which mainly relate to the immature 
immune system. Another example of uniqueness comes from the age-related 
and more frequent contacts to potential infectious sources or index cases in 
nurseries, day-care centers or schools. These contacts lead to increased risks 
to preferentially acquire respiratory or gastrointestinal infections. Similar 
reasons account for higher frequency of outbreaks of infectious diseases in 
children compared to adults. Infants and toddlers are often the source of 
infections within a household, for health care workers or medical personnel 
as well as for nursery employees and teachers. Infections represent the rea-
son for up to 60% of the hospitalization of children. Etiological diagnosis of 
these infections may be hampered by the limited volumes of biological sam-
ples including blood or cerebrospinal fluid available from young children, 
often affording rather judicious, and to this-age-group-adapted, diagnostic 
approaches. Moreover, most of the hospitalized children are prescribed one 
or more antibiotics [1]. In this context it needs to be underscored that the 
pharmacokinetics and pharmacodynamics of antimicrobial substances are 
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rather different in children compared to adults. This may afford the use of 
distinct preparations or dosages in children. In addition, pharmacology and 
toxicology of antimicrobial drugs in newborns and specifically in preterm 
or small-for-date babies are rather special. Accordingly, in pediatrics special 
knowledge in the distinct uniqueness of newborns and other age groups, 
other disciplines and on nosocomial infections in neonatal and pediatric 
nurseries and intensive care units is warranted. Finally, vaccinations make 
up a larger proportion of the preventive measures in pediatrics than in 
adult medicine, and this is mirrored by the extraordinary success of general 
immunization campaigns in children [2].

Relation to community pediatrics and to hospital pediatrics

Pediatricians in private practice and, in some countries or regions, also gen-
eral practitioners, are in charge of the management of children with com-
mon and frequent infectious diseases [3]. The quality of this management 
benefits highly from the continued access to and availability of a pediatric 
infectious disease specialist during the medical formation and training as 
well as throughout private practice activities. Pediatric infectious disease 
specialists provide important recommendations on the use of microbio-
logical and other diagnostic tests, application of antimicrobial drugs, and 
measures for infection control, which may substantially differ in children 
compared to in adults. Furthermore, infectious disease specialists possess 
the required expertise for the establishment of standards of care for fre-
quent communicable diseases and relevant guidelines for the community. 
Pediatric infectious disease specialists are involved in the care of both out-
patients and inpatients [4].

The impact of the pediatric infectious disease specialist within a hospital 
can easily be deduced from the number of consultations related to infec-
tious disease or infection control issues requested by both experienced 

Table 1. Specific clinical tasks of the pediatric infectious disease specialist [4]

– Integrative discipline

– Provision of primary care and consultative services to patients from all pediatric disciplines

–  Implementation of quality assurance programs in hospitals and other health care settings, 
e.g., infection control, hospital epidemiology, antimicrobial management programs

–  Engagement in preventive efforts through implementation of vaccine strategies and other 
means; play a significant role in public health programs at all political levels

–  Conduction of research seeking cures for new diseases as well as preventive measures, such 
as new vaccines

–  Teaching and leadership in academic health institutions
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and non-experienced physicians within or outside the hospital. Bedside 
consultations and phone consultations both play an important role [5]. 
The multiple interactions result, e.g., in a more considerate selection of 
diagnostic measures and assays, more judicious and less costly use of anti-
microbials, and reduction of formal consultations and hospitalizations [6] 
(Fig. 1). Much of the shared knowledge originates from pediatric infectious 
diseases research programs, as they substantially contribute to the develop-
ment of improved diagnostic, treatment and prevention means as well as to 
the understanding of pathogenesis and epidemiology of infectious diseases. 
The multifaceted roles of the pediatric infectious disease specialist clearly 
improve the quality of patient care and teach physicians who are involved 
in primary health care [4].

Integral and integrative behavior

Specialty in pediatric infectious diseases is the paradigm of an integral and 
integrative discipline providing paramount professional help, advice and 
support to other pediatric disciplines and to disciplines from adult medicine. 
Obvious examples are consultations for patients with underlying conditions 
including congenital heart disease, cystic fibrosis, primary or secondary 
immunodeficiencies such as due to HIV infection or iatrogenic immuno-
suppression following allograft transplantation, or tumors. Many of these 
patients nowadays survive beyond the pediatric age and need to undergo 
the difficult process of transition to medical care for adults [7]. Thus, close 

Figure 1. Communication pathways of pediatric infectious diseases.
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interactions with colleagues from adult medicine taking over the care of 
these patients before, during and after the transition process are indispens-
able to ensure satisfaction and compliance of the patients with often heavy 
burdens in addition to the burdens of adolescence.

Infectious disease specialists have a considerable number of skills at 
their disposal [8]. Experienced infectious disease specialists, for example, 
often reduce the use of expensive diagnostic measures even in the most 
complex patient situations, apply intravenous antimicrobial treatment also 
to outpatients and switch from intravenous to apt oral medication on time. 
Hence, infectious disease specialists increase the satisfaction of patients 
while ensuring management quality at lowest possible expenses.

New developments for the specialists in pediatric infectious diseases

An outlook into the future cannot be undertaken without careful consider-
ation of the past and the current situation. Thus, recent changes in the spec-
trum of infectious diseases, progress in the field of vaccinology, advances in 
microbiology, and quantum leap in communication technology are likely to 
determine new developments and areas of activity for the pediatric infec-
tious disease specialist. The variety of topics covered in the chapters of this 
book nicely mirrors the wide spectrum of pediatric infectious diseases and 
the most recent novel developments in the field.

The changing spectrum of infectious diseases

Several achievements including clean water, improved sanitation, vaccina-
tion and antimicrobial therapies have brought many important infectious 
diseases under control. Nevertheless, we have had to face the emergence 
of pathogens that are resistant to antimicrobials and of new pathogens that 
have not been previously detected in humans.

The principal diseases of the last decade can be segregated into three 
major groups: (i) infections against which significant progresses have been 
achieved; (ii) newly emerged infections; and (iii) infections on which we had 
no impact [9]. In industrialized countries, infections with HIV or hepatitis 
C virus (HCV) have been transformed from diseases with no cure to man-
ageable chronic infections due to newly available treatment or prevention 
modalities. Most importantly, mother-to-child transmission rates in these 
countries have fallen from around 15–25% to below 2%, and where preven-
tive measures are strictly applied, vertical transmission of HIV has virtually 
vanished [10]. This success story, however, evolved at the expense of intra-
uterine and neonatal exposure to drugs with a considerable toxic potential 
[11]. Thus, pediatric infectious disease specialists need to conduct long-term 
surveys on the evolution of these children following exposure to antiretrovi-
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ral drugs in a life period with highest vulnerability, especially of the central 
nervous system. Testing of blood products has not only virtually abolished 
transfusion-related HIV infections but also HCV transmission [12].

Poliomyelitis vaccination campaigns have been extremely effective both 
in industrialized and in non-industrialized countries. Globally, the number 
of poliomyelitis cases has been reduced by 99% from 350 000 cases in 1988 
to less than 800 cases in 2002 [13]. The goal to eradicate poliomyelitis, how-
ever, seems to be hurdled by unprecedented reemergence of poliomyelitis 
due to “escape” variants [14] or due to outbreaks in communities reluctant 
to vaccination, mainly for religious reasons and in countries where there 
are governmental obstacles to vaccination campaigns [13]. The tasks wait-
ing the pediatric infectious disease specialists are to promote vaccination at 
the individual, at the community and at the country levels. This will demand 
persuasion activities focusing on individuals and on politicians. Similarly, 
measles, rubella and mumps are three viruses against which we possess 
excellent vaccines, and thus could be eliminated given that the only host 
for these viruses is humans. We will eventually defeat theses viruses only 
if pediatric infectious disease specialists succeed in convincing parents of 
the necessity of vaccination. Many parents are no longer familiar with the 
disastrous consequences of these viruses simply because of the decreased 
circulation of these viruses in the populations due to the fact that a large 
proportion has been previously vaccinated. But convincing just the parents 
will not be sufficient, physicians and politicians will need to be convinced 
too [15].

The general introduction of the conjugate vaccine against Haemophilus
influenzae type b for infants and young children early in the 90s has resulted 
in a dramatic reduction of H. influenzae type b invasive infections including 
meningitis, epiglottitis, arthritis, and osteomyelitis [16]. More recently, con-
jugate vaccines against Streptococcus pneumoniae or Neisseria meningitidis
type C have also been introduced in general vaccination programs, and it 
appears that we will again witness a success. Nevertheless, not all S. pneu-
moniae serotypes are represented in the vaccine and the serotypes against 
which the vaccine elicits immunity may be replaced by other serotypes. 
Furthermore, a universal vaccine against N. meningitidis type B is still lack-
ing. Thus, the reduction of S. pneumoniae or N. meningitidis-induced disease 
will not be as impressive as for H. influenzae type b. In consequence, pedi-
atric infectious disease specialists will have to explore modalities to improve 
surveillance and treatment of these prominent and potentially deadly bacte-
rial infections. It goes without saying that more research on the elucidation 
of bacterial and host-related pathogenetic mechanisms is needed to cut the 
imminent danger from these pathogens [17–19].

We have also witnessed the emergence of an unprecedented number 
of infections. Most of these infections are of animal origin: avian influenza, 
severe acute respiratory syndrome (SARS), West Nile, Ebola, and variant 
Creutzfeldt-Jacob disease. Another unprecedented observation was the 
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increase in the prevalence of antibiotic-resistant bacteria and the reemer-
gence of previously eradicated pathogens as agents of bioterror. Among the 
most feared and serious antibiotic-resistant bacteria are methicillin-resis-
tant Staphylococcus aureus. Multiple antibiotic resistances are a problem 
also with S. pneumoniae, Enterococcus faecalis, Pseudomonas aeruginosa
and Mycobacterium tuberculosis [9]. A main challenge for pediatric infec-
tious disease specialists in addition to the challenge faced by their adult 
counterparts in this context will be the availability of apt antimicrobials in 
apt formulations. This in turn will demand that pharmacokinetic, efficacy 
and safety clinical trials for new drugs are conducted in parallel for adults 
and different age groups of children, to acquire the needed antimicrobial 
armamentarium on time.

Unfortunately, during the last decade we had no impact on tuberculosis, 
malaria and worldwide HIV, the three leading killer infectious diseases 
which contribute to half of the global burden of mortality from infectious 
diseases. In fact, the absolute number of the epidemics has steadily increased. 
This may cause repercussions in industrialized countries. Thus, we pediatric 
infectious disease specialists who are in a privileged situation cannot neglect 
these unsolved medical problems, but rather need to increase our efforts to 
share our time, knowledge and expertise for the benefit of those who need 
it most. Vaccines against these three pathogens are, without a doubt, of 
paramount priority.

Finally, another important issue has come up recently: pediatric infec-
tious disease specialists have to deal with aspects of biological terrorism 
against children (see the chapter by Kwang Sik Kim).

Progress in vaccinology

The development of several vaccines has been hampered by technical dif-
ficulties. Vaccines can be developed following the principles of Pasteur, i.e., 
isolating, inactivating and injecting causative microorganisms. Such devel-
opment, however, is not apt for all pathogens, especially for those which 
cannot be grown in cultures, including HCV, papillomaviruses 16 and 18 and 
Mycobacterium leprae or for antigenically hypervariable microorganisms 
such as N. meningitidis type B, N. gonorrhoea, malaria and HIV [9]. In recent 
years, many obstacles in the engineering of vaccines have been overcome. 
Using “reverse vaccinology” [20], a process in which computer analysis, 
microarrays, proteomics and other genome-based systematic approaches 
are used to select genomic sequences of microorganisms, antigens likely to 
confer protective immunity can be identified. Candidate antigens can be 
expressed by recombinant DNA and be tested in animal models. Reverse 
vaccinology has enabled the production of vaccines against HCV, human 
papillomaviruses, and meningococci type B. These examples will be fol-
lowed for other pathogens representing a threat to infants and children. 
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The pediatric infectious disease specialist will have to define priorities, and 
will have to conceive plans to test the safety and efficacy of these future 
vaccines, as well as the surveillance of the epidemiology of the targeted 
pathogens following the introduction of the vaccines on a larger scale.

A change in paradigm in vaccinology has come from the recognition 
that conquering the most difficult infections such as HIV and malaria may 
require the T cell arm of the immune system. Most vaccines available today 
work by inducing antibodies, and quantification of these antibodies is often 
used as a parameter for immunogenicity of and protection by a given vac-
cine. Unfortunately, protective antibody levels are not clearly defined for 
every available vaccine. Moreover, as in the example of HBV vaccine, the 
levels of specific antibodies may not be indicative for the status of protec-
tion. The level of specific antibodies may be below the limit of detection 
but vaccinated individuals may be still protected against HBV infection 
by the cellular immune responses. The effective stimulation of cytotoxic T 
cells can be obtained using engineered non-replicating viral vectors, such 
as modified vaccinia virus, replication-incompetent adenoviruses and DNA 
vaccines [9].

Another recent quantum jump has been that we – as other living organ-
isms – possess a conserved “innate” immune defense against pathogens. 
The innate immune defense senses invading microorganisms or their 
components, and determines the type of adaptive immune response that 
will eventually result in protection. Toll-like receptors and NOD proteins 
are involved in this process. An improved knowledge of the pathways of 
innate immunity, their selectivity and their interactions is likely to improve 
the efficacy of vaccines, since certain compounds triggering innate immune 
defenses, e.g., unmethylated CpG, which mimics microbial DNA or lipo-
polysaccharide as a bacterial cell wall component, could be used as novel 
vaccine adjuvants to enhance immunity. The field of innate immunity is 
certainly one of the most promising fields for laboratory and clinic-based 
research in pediatric infectious diseases [21].

Advances in microbiology, immunology and genetics

Among the most important developments resulting in unprecedented 
insights into pathogenesis, susceptibility and diagnosis of infectious diseases 
are advances in microbiology, immunology and genetics. Important changes, 
with introduction of molecular biology techniques and laboratory automa-
tion, have increased the accuracy and velocity of microbiological diagnosis 
(Fig. 2), and new tools are still being developed [22]. The pediatric infectious 
disease specialist will considerably benefit from close collaborations with 
microbiologists both at the research and at the routine level. An equally 
symbiotic relationship between pediatric immunologists and geneticists 
will help establish the reasons for increased susceptibility to distinct patho-
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gens as, for example, mycobacteria or salmonella [23] and novel treatment 
modalities for immunocompromised children [24].

Increased intra- and interdisciplinary communication, interactions 
and networking

The sick child has the right to receive the best possible medical attention. 
This includes the caring physicians calling in specialists for consultations, 
and interdisciplinary consultations can be predicted to become a pivotal 
component of standard care for patients in the future. Who would dare to 
prevent a sick child from getting optimal remedial management?

Given the growing medical knowledge and the increasing complexity of 
modern medical care, pediatric infectious disease specialists can be antici-
pated to become highly solicited. Thus, intra- and interdisciplinary interac-
tions will be more than ever crucial for pediatric infectious disease special-
ists in the years to come. Continued extensive communication, and close col-
laboration and partnership with other pediatric infectious disease specialists 
as well as with experts from pediatric immunology, clinical microbiology, 
pharmacy, epidemiology and all other pediatric subspecialties will build up 
the key for pediatric infectious disease specialists to ensure the indispens-
able optimal patient care, efficient teaching, and prosperous research. The 
most demanding challenge for pediatric infectious disease specialists will 
therefore be to comprehensively compile expertise, knowledge and cutting 
edge research for the ultimate benefit of the patient.

Whereas improved communication within the own hospital setting will 
help to cope with unqualified management of the sick child as much as pos-

Figure 2. Modern techniques used to diagnose infectious diseases.
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sible, installment of a regular and frequent dialog with other centers will not 
only provide helpful suggestions from peers for the management of patients, 
but also facilitate and improve continuous education in the field and ensure 
exchange of ideas for independent and collaborative patient-related or 
laboratory-based research. The rapidly evolving communication technology 
has established excellent and affordable tools to allow for quick and reli-
able data and digital picture transfer as well as for audiovisual conferences 
at the national, international and intercontinental levels. Indeed, digital 
picture documentation of clinical and laboratory findings is advancing and 
will evolve.

The improved communication at the national and international level 
should pave the way towards standardized training curricula and the devel-
opment of training quality evaluation programs. In countries where medical 
specialty units specifically devoted to pediatric infectious diseases await 
establishment, support from national and international professional societ-
ies will be required to promote the specialty, and communication networks 
will certainly contribute to expediting this process. The goal to install a 
pediatric infectious disease service at least in every large medical center is 
justified.

Networking will become more and more important to conduct multi-
center studies devoted to the pathogenesis, diagnosis or management of 
less common infectious diseases to enable inclusion of sufficient patients 
in an appropriate time frame or to adequately respond to emerging infec-
tious diseases [8]. Further, networking that also included experts other than 
pediatric infectious disease specialists will become increasingly essential to 
collect and exchange data pertinent to interdisciplinary managed patients 
as, for example, neonates, cystic fibrosis patients or transplant recipients, 
to optimize clinical research and management as well as issuing guidelines. 
Such guidelines will gain importance, e.g. in preventing misuse of highly 
expensive biologicals or drugs (http://www.swiss-paediatrics.org/paediat-
rica/vol15/n6/palivizumab2004-ge.htm).

Conclusions

The pediatric infectious disease specialist faces many challenging and 
complex tasks in the next few years. These tasks will include meticulous 
consolidation and careful extension of existing activities aiming at conduct-
ing high-level research, offering high-standard teaching, and providing high-
quality patient management. These contributions to modern health care and 
medicine in general and pediatrics in particular can only be accomplished 
by dedicated individuals with extraordinary communication and integrative 
skills following painstaking continued training and formation. Potential 
careers in the discipline can be envisioned not only in academics, but also 
in government, public health, and industry, although less likely in private 
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practice. The diversity of issues and questions to be confronted makes the 
specialty of pediatric infectious diseases the specialty with the widest scope 
compared to all the specialties in medicine. Accordingly, commitment to 
pediatric infectious diseases will be extremely demanding. Since not all 
imposed tasks can be successfully completed by one person only, it will be of 
paramount importance to focus the activities and to carefully define priori-
ties. Nevertheless, such demanding commitment will be fully compensated 
by manifold societal and personal rewards.

Acknowledgement

I thank Horst Schroten, Christoph Berger, Christian Kahlert, and Erika 
Schläpfer for their most valuable comments on this manuscript.

References

1 Potocki M, Goette J, Szucs TD, Nadal D (2003) Prospective survey of antibiotic 
utilization in pediatric hospitalized patients to identify targets for improvement 
of prescription. Infection 31: 398–403

2 Reichert TA, Sugaya N, Fedson DS, Glezen WP, Simonsen L, Tashiro M (2001) 
The Japanese experience with vaccinating schoolchildren against influenza. N
Engl J Med 344: 889–896

3 Plasschaert AI, Rovers MM, Schilder AG, Verheij TJ, Hak E (2006) Trends in 
doctor consultations, antibiotic prescription, and specialist referrals for otitis 
media in children: 1995–2003. Pediatrics 117: 1879–1886

4 Peter G (1995) The pediatric infectious disease physician: current roles and 
importance of the specialty in the care of children. Strategic Development 
and Long-Range Planning Committee, Pediatric Infectious Diseases Society. 
Pediatr Infect Dis J 14: 900–903

5 Chatterjee A, Lackey SJ (2001) Prospective study of telephone consultation 
and communication in pediatric infectious diseases. Pediatr Infect Dis J 20: 
968–972

6 Sandora TJ, Goldmann DA (2005) Medical errors detected and corrected 
by a pediatric infectious diseases consultation service. Infect Control Hosp 
Epidemiol 26: 417–420

7 Boyle MP, Farukhi Z, Nosky ML (2001) Strategies for improving transition to 
adult cystic fibrosis care, based on patient and parent views. Pediatr Pulmonol
32: 428–436

8 Urschel S, Ramos J, Mellado M, Giaquinto C, Verweel G, Schuster T, Niehues T, 
Belohradsky B, Wintergerst U; European PCP-withdrawal Study Group (2005) 
Withdrawal of Pneumocystis jirovecii prophylaxis in HIV-infected children 
under highly active antiretroviral therapy. AIDS 19: 2103–2108

9 Rappuoli R (2004) From Pasteur to genomics: progress and challenges in infec-
tious diseases. Nat Med 10: 1177–1185



496 David Nadal

10 Kind C, Rudin C, Siegrist CA, Wyler CA, Biedermann K, Lauper U, Irion O, 
Schupbach J, Nadal D (1998) Prevention of vertical HIV transmission: addi-
tive protective effect of elective Cesarean section and zidovudine prophylaxis. 
AIDS 12: 205–210

11 Blanche S, Tardieu M, Rustin P, Slama A, Barret B, Firtion G, Ciraru-Vigneron 
N, Lacroix C, Rouzioux C, Mandelbrot L et al (1999) Persistent mitochon-
drial dysfunction and perinatal exposure to antiretroviral nucleoside analogues. 
Lancet 354: 1084–1089

12 Busch MP, Kleinman SH, Nemo GJ (2003) Current and emerging infectious 
risks of blood transfusions. JAMA 289: 959–962

13 Roberts L (2004) Polio endgame. Polio: The final assault? Science 303: 1960–
1968

14 Nathanson N, Fine P (2002) Virology. Poliomyelitis eradication – a dangerous 
endgame. Science 296: 269–270

15 Cassell JA, Leach M, Poltorak MS, Mercer CH, Iversen A, Fairhead JR (2006) 
Is the cultural context of MMR rejection a key to an effective public health 
discourse? Public Health 120: 783–794

16 Peltola H (2000) Worldwide Haemophilus influenzae type b disease at the 
beginning of the 21st century: global analysis of the disease burden 25 years 
after the use of the polysaccharide vaccine and a decade after the advent of 
conjugates. Clin Microbiol Rev 13: 302–317

17 Poehling KA, Talbot TR, Griffin MR, Craig AS, Whitney CG, Zell E, Lexau CA, 
Thomas AR, Harrison LH, Reingold AL et al (2006) Invasive pneumococcal 
disease among infants before and after introduction of pneumococcal conju-
gate vaccine. JAMA 295: 1668–1674

18 Kyaw MH, Lynfield R, Schaffner W, Craig AS, Hadler J, Reingold A, Thomas 
AR, Harrison LH, Bennett NM, Farley MM et al (2006) Effect of introduction 
of the pneumococcal conjugate vaccine on drug-resistant Streptococcus pneu-
moniae. N Engl J Med 354: 1455–1463

19 Rappuoli R (2001) Reverse vaccinology, a genome-based approach to vaccine 
development. Vaccine 19: 2688–2691

20 Danzig L (2006) Reverse vaccinology – in search of a genome-derived menin-
gococcal vaccine. Vaccine 24 (Suppl) 2: S2–11–2

21 Krieg AM (2006) Therapeutic potential of Toll-like receptor 9 activation. Nat
Rev Drug Discov 5: 471–484

22 Raoult D, Fournier PE, Drancourt M (2004) What does the future hold for 
clinical microbiology? Nat Rev Microbiol 2: 151–159

23 Abel L, Casanova JL (2006) Human genetics of infectious diseases: Fundamental 
insights from clinical studies. Semin Immunol 18: 327–329

24 Seger RA, Gungor T, Belohradsky BH, Blanche S, Bordigoni P, Di Bartolomeo 
P, Flood T, Landais P, Muller S, Ozsahin H et al (2002) Treatment of chronic 
granulomatous disease with myeloablative conditioning and an unmodified 
hemopoietic allograft: a survey of the European experience, 1985–2000. Blood
100: 4344–4350


