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1 INTRODUCTION

Infections of the lower respiratory tract, such as tuberculosis, pneumonia, exacerbations of chronic
obstructive pulmonary disease (COPD), and influenza are the leading infectious disease health prob-
lems that result in significant mortality and morbidity in humans. Lower respiratory tract infections
(LRTT) are among the most frequent causes of mortality, as stated by the World Health Organisation,
with more than three million deaths reported in children due to pneumonia."” These deaths are caused
by both bacterial and viral etiological agents including Streptococcus pneumoniae, Haemophilus influ-
enzae, Mycoplasma pneumoniae, Influenza A or B virus, parainfluenza virus, rhinovirus, respiratory
syncytial virus (RSV) and adenovirus.™ Prior to the introduction of the relevant vaccines, bacteria
such as Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, and Klebsiella
pneumoniae were identified as major causative agents of bacterial pneumonia.’

1.1 MICROBIOLOGY AND PATHOGENESIS OF STREPTOCOCCUS PNEUMONIAE—THE
MAJOR CAUSE OF PNEUMONIA

S. pneumoniae, or pneumococcus, is a Gram-positive, nonmotile, facultative anaerobic coccus belong-
ing to the family Streptococceae, and is classified based upon its haemolytic capability and the presence
of carbohydrate antigens located in the cell wall using the Lancefield system. The most commonly
recognized serotypes of S. pneumoniae found in children are serotypes 6, 14, 19, and 23.°

The various pneumococcal virulence factors associated with the pathogenesis of S. pneumoniae
include and are not limited to; pneumolysin, autolysin, capsule and surface adhesins, enzymes and
surface proteins such as neuraminidase, SpxB (pyruvate oxidase), and choline-binding proteins.” The
choline-binding proteins are known to bind to techoic or lipotechoic acid, and function as an anchoring
device for most Gram-positive bacteria, including S. pneumoniae. It is believed that there are approxi-
mately 10-15 different choline-binding proteins including PspA, PspC, and LytA that are encoded by
S. pneumoniae’. After adherence of pneumococcus to a cell surface, further tissue invasion is facilitated
by enzymes such as hyaluronidase and neuraminidase. Hyaluronic acid is one of the most abundant
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glycans in the extracellular matrix of connective tissues,” while neuraminidase comprising of NanA and
NanB, of which NanA is shown to enhance intracellular survival and replication of the bacteria in the
lung."’ Being a nasopharyngeal commensal, S. pneumoniae can gain access to the eustachian tube and
lungs via the nasopharynx, and can cause middle ear infection and pneumonia, respectively.'' During
this process, there is a massive influx of neutrophils driven by proinflammatory cytokines, such as IL-6,
IL-1 and TNF-o.. The progression to pneumonia is associated with a viral infection, which can enhance
the adherence of S. pneumoniae to the respiratory epithelia and is recognized due to the interactions be-
tween the phosphorylcholine of the pneumococcus cell wall and platelet-activating factor receptors that
are believed to be upregulated upon cytokine stimulation.”” In addition, various cell wall degradation
products such as peptidoglycan, techoic acid, and toxins like pneumolysin are also released following
autolysis which can induce inflammatory responses in the host. The various actions of pneumolysin,
which include induction of cytokines like TNFa and IL-18, disruption of the epithelial cell integrity,
decreased bactericidal activity, inhibition of neutrophil migration, and inhibition of lymphocyte pro-
liferation and antibody synthesis, highlight its important role in the pathogenesis of S. pneumoniae."

1.2 BIOLOGY OF PNEUMOCOCCAL PNEUMONIA

The mucosal epithelium of the nasopharynx is a well-recognized primary site of bacterial colonisation
including the opaque and transparent phenotypes of the pneumococcus. The pneumococcus can tra-
verse down to the lung upon aspiration and start adhering to the alveolar type II cells to initiate bacterial
infection."” The progress to pneumonia can occur more rapidly if there is a preexisting respiratory viral
infection or increased bacterial adherence facilitated by viruses or cytokines.'® The different stages of
pneumococcal pneumonia are well known. The first stage is characterized by a bulge or engorgement
due to the bacterial presence and serous exudate in the alveoli which provides nutrients to the bacteria
and facilitates further infection in the lung.'” The next stage is the intense inflammatory reaction involv-
ing leakage of erythrocytes into the alveoli (red hepatisation), followed by the migration of leukocytes
into the consolidated area (gray hepatisation), and surface phagocytosis by the leukocytes.'* Due to the
intact immune system of the host, normally the type-specific antibodies and the polymorphonuclear
leukocytes phagocytise the pneumococci and the lung returns to its normal state. However, in patients
with a compromised immune system having certain complement deficiencies or hypogammaglobu-
linemia (absence of type-specific antibodies), bacteremia can occur and the pneumococcus with its
virulence factors (mostly cell wall components such as peptidoglycan, techoic acid, and proteins such
as pneumolysin) induce inflammation causing subsequent tissue damage."

2 CHILDHOOD PNEUMONIA

Since the early 1980s, the LRTI caused by S. pneumoniae in certain developing countries, such as
Ghana and South Africa, have been reported at >60-90% of all cases in children less than 5 years of
age, and 100 per 1000 population of adults per year, and has remained at equivalent rates even a decade
later.””” The incidence of pneumonia in children less than 5 years of age was higher in regions such
as South-East Asia, Africa and Western Pacific countries in comparison with those in the developed
countries like the Americas and Europe.” More recently, the incidence of childhood pneumonia has
been estimated to be >120 million globally, of which ~12% progressed to severe disease with 1%
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mortality in children <2 years of age.” The risk factors for childhood pneumonia, especially in the
developing countries, include nutrition deficiencies, lack of breastfeeding, indoor air pollution due to
passive smoking, HIV infection, and substandard housing and living conditions.**

The etiological agents causing pneumonia include both bacteria and respiratory viruses. Certain
vaccine studies have indicated the predominant bacterial agent causing pneumonia to be S. pneumoniae
resulting in almost 18-25% severe cases and 30-35% mortality, followed by H. influenzae accounting
for 4% of severe cases and 16% of deaths. Influenza virus remains the dominant viral etiological agent
responsible for 7% of the severe cases and 11% of deaths.”” S. pneumoniae is also well-recognized
to cause community-acquired pneumonia (CAP) in children with lower fatality rates of 1.5%.” In
addition to these etiological agents, bacteria such as Staphylococcus aureus, Klebsiella pneumoniae,
and respiratory viruses such as RSV, rhinovirus, human metapneumovirus, human bocavirus and para-
influenza viruses are the other commonly identified agents that contribute to the burden of childhood
pneumonia.””’

3 ADULT PNEUMONIA AND COMMUNITY-ACQUIRED PNEUMONIA

Community-acquired pneumonia (CAP) is an increasing health problem and the third most common
reason for hospitalization for adults, especially the elderly aged >65 years. The prevalence of CAP has
been reported as 18-20 cases per 1000 population with an increase from 9% in 65-74 year olds to 17%
in 75-84 year olds, and 30% in >85 year olds.”*” Several predisposing factors such as impaired im-
munity and lung function, dysfunctional nasal mucociliary clearance, lung and heart diseases, smoking
have been identified as independent predictors for CAP in adults and the elderly.”

Certain studies have reported S. pneumoniae, Legionella species, H. influenzae, Moraxella
catarrhalis, and S. aureus as the predominant pathogens in CAP." Although the role of respiratory
viruses has been well-recognized in CAP in children and infants, it is not well understood in adults and
the elderly. It is still unclear whether a virus by itself can cause pneumonia or whether the virus can act
in conjunction with other respiratory pathogens. One study has reported that respiratory viruses such
as influenza virus, RSV, adenovirus, and rhinovirus were commonly isolated as part of a co-infection,
especially with S. pneumoniae.”' Thus, viral agents in adults with CAP most often seem to be part of a
mixed infection, usually with S. prneumoniae as the co-pathogen.

4 VACCINATION

The World Health Organisation (WHO) recommends routine childhood immunization programs that
include vaccines that offer protection from various respiratory disease such as pneumonia, influenza
(flu), measles, and pertrussis. The Haemophilus influenzae type b (Hib) vaccine and the pneumococ-
cal conjugate vaccines are increasingly available in both developed as well as developing countries,
especially the 7- and 13-valent pneumococcal conjugate vaccines which have shown effectiveness in
reducing the incidence and severity of pneumonia and other lower respiratory infections in children.
Currently, there are three vaccines in the childhood routine immunization schedule; measles, Hib, and
the pneumococcal conjugate vaccine that is well-recognized to reduce childhood mortality from and
related to pneumonia.
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4.1 HIB VACCINE

Vaccination remains the primary preventative strategy for pneumonia, including CAP in the elderly.
The Hib vaccine has a proven efficiency of >90% against invasive meningitis and bacteremia and
noninvasive pneumonia caused by H. influenzae type b.”” This impressive efficiency has resulted in
the introduction and addition of the Hib vaccine worldwide into National Immunization Programs, and
has resulted in a significant reduction in the vaccination gap between developed and developing coun-
tries.” A recent review from several randomized controlled trials (from 1970s to 2008) from different
developing countries indicated a significant reduction of severe pneumonia by 6%, pneumonia-associ-
ated mortality by 7%, and reduction of radiological confirmed cases of pneumonia by 18%." Based on
the preventative approach of pneumonia and pneumonia-related mortality with effective vaccination,
a certain modeling-based study has estimated that if implemented at present annual rates of increase in
developing countries, the vaccine could save up to 51% of pneumonia deaths by 2025 at a cost saving
of US$3.8 billion.” High coverage of the Hib vaccine immunization in children less than 5 years of age
could reduce childhood pneumonia resulting in decreased incidence of severe pneumonia.

4.2 PNEUMOCOCCAL VACCINES

The 23-valent polysaccharide vaccine (PPV23) and the 13-valent protein-conjugated polysaccharide
vaccine (PCV13) are the two vaccines that offer protection against pneumococcal disease, and have re-
placed the 7-valent conjugate vaccine (PCV7). As the polysaccharide vaccine (PPV) is T-cell indepen-
dent, it does not boost immunological memory and the immunity offered may not last for a long time.
For this reason, this vaccine is not offered to infants aged <2 years of age, but is provided to children
aged >2 years and to elderly people who are at risk (>50 years of age) for developing pneumonia. In
contrast, the conjugate vaccines stimulate a T-cell dependent response and are more effective in infants
and children <2 years of age.”

The different pneumococcal vaccines, serotypes covered, and the conjugate protein used are men-
tioned in Table 17.1 PCV7 and PCV10 are offered for children aged from 6 weeks to 5 years of age,
whereas PCV 13 is given to children aged between 6 weeks and 17 years, and to adults aged >50 years
of age. Since the introduction of the PCV7 vaccine in 2000, its efficacy against invasive meningitis,
pneumonia, and otitis media is well documented.”™ " The subsequent vaccines, PCV10 and PCV13,

Table 17.1 Current Pneumococcal Conjugate Vaccines
Pneumococcal
Vaccine Serotypes Covered Conjugate Protein Used Trade Name
PCV7 4, 6B, 9V, 14, 18C, 19F, and 23F Mutant diphtheria toxoid Prev(e)nar (Pfizer)
PCV10 4, 6B, 9V, 14, 18C, 19F, 23F, 1, Protein D from nontypeable Synflorix (GlaxoSmithKline)
5, and 7F H. influenzae, tetanus toxoid,
and diphtheria toxoid
PCV13 4,6B, 9V, 14, 18C, 19F, 23F, 1, 5, | Mutant diphtheria toxoid Prev(e)nar-13 (Pfizer)
7F, 3, 6A, 19A
The table shows the currently available pneumococcal vaccines and the conjugate protein used in its making, and the coverage of
various serotypes of S. pneumoniae by each vaccine.
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have also demonstrated comparable immunogenicity to PCV7 in several clinical trials." ™ Although
PPV23 covers 23 serotypes of S. pneumoniae, and is recommended for adults aged >65 years of
age, its effectiveness in reducing invasive pneumococcal disease remains uncertain.”** As PCV13
has equal or greater immunogenicity than PPV23, and has greater immunological memory, the use of
PCV13 is now recommended for adults in addition to PPV23, particularly the elderly and high risk
individuals. In addition to this, newer PCV’s have been shown to reduce the number of healthy carriers
of the pathogen in the community because of “herd immunity” where unvaccinated people are pro-
tected from the pathogen. Since the introduction of PCV’s as a part of “herd immunity”, the incidence
of invasive pneumococcal diseases was shown to decline by almost 70% among vaccinated children
<2 years of age, and by 32% in adults aged 20-39 years, and by 18% in the elderly aged >65 years of
age, who were not previously vaccinated.*

5 CURRENT ANTIINFECTIVE TREATMENTS AGAINST BACTERIAL PATHOGENS

The classification of antibiotics is based on the cellular component that they affect, as well as on wheth-
er they can induce cell death (bactericidal) or inhibit cell growth (bacteriostatic). Antibiotic-mediated
cell death is a complex process involving physical interaction between a drug molecule and its bacteri-
al-specific target, and/or modulation of the affected bacterium at the biochemical, molecular, and ultra-
structural levels.”” Fig. 17.1 summarizes the different drug targets and mechanism of actions of various
antimicrobials such as; inhibition of cell wall synthesis, inhibition of protein synthesis, injury to cyto-
plasmic membrane, and inhibition of nucleic acid synthesis and replication. DNA synthesis and cell
division are well-recognized processes that involve modulation of chromosomal supercoiling through
topoisomerase-catalyzed strand breakage and rejoining reactions. Antimicrobials such as quinolone

Inhibition of protein Inhibition of cell wall
synthesis synthesis
-Chloramphenicol -Penicillin, Cephalosporin
-Erythromycin -Bacitracin, Vancomycin

-Tetracycline
-Streptomycin @4

DNA%

Replicati}on\ ¢

Injury to cytoplasmic
membrane
-Polymyxin B

Inhibition of nucleic acid
replication/transcription
-Quinolones, Rifampin

FIGURE 17.1 Summary of Target and Mechanisms of Actions of Various Antimicrobials

This figure summarizes the various targets and mechanism of actions of different antimicrobials along with relevant
examples of antibiotics.
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target enzymes like DNA gyrase (topoisomerase II) and topoisomerase IV (topolV) that are required
for bacterial DNA synthesis and replication, and prevent DNA strand rejoining.” Peptidoglycan, a co-
valently cross-linked polymer matrix composed of peptide-linked B-(1-4)-N-acetyl hexosamine, is the
main component of bacterial cell walls that contributes towards the structural integrity of the bacterial
cell. The peptidoglycan layer is maintained through the activity of transglycosylase and transpeptidase
enzymes, which add disaccharide pentapeptides to extend the glycan strands of existing peptidoglycan
molecules and cross-link adjacent peptide strands of immature peptidoglycan units, respectively.” B-
lactams and glycopeptides are among the classes of antibiotics that interfere with cell wall biosynthesis
resulting in changes to bacterial cell shape and size and induction of cellular stress responses that
leads to bacterial cell lysis.”’ The process of protein synthesis via mRNA translation involves the ribo-
some that is composed of two major components, the 50S and 30S subunits. Drugs that inhibit protein
synthesis are divided into two subclasses: the 50S inhibitors and 30S inhibitors. The 50S ribosome
inhibitors include the macrolide, lincosamide, streptogramin, amphenicol, and oxazolidinone classes
of antibiotics.”’ The 30S inhibitors include the tetracycline and aminocyclitol families of antibiotics.”

5.1 CURRENT ANTIINFECTIVE ANTIMICROBIALS

The mortality caused due to pneumonia can be avoided through cost-effective and life-saving treat-
ment from antibiotics for bacterial pneumonia, thereby significantly increasing the patient’s chances of
survival. The pneumonia management strategy with the use of appropriate antibiotics and supportive
care including oxygen systems remains an effective cornerstone in the treatment and management of
children suffering from pneumonia. The WHO Integrated Management of Childhood Illness program
has consistently reported a reduction of childhood mortality rates by approximately 20%, while certain
community based management strategies have reported a decrease in 70% mortality due to the usage
of oral antibiotics such as amoxicillin.”* > The four types of antibiotics recommended for children
<5 years of age for the treatment of pneumonia are; cotrimoxazole, amoxicillin, cephalosporins, and
macrolides, with oral amoxicillin (40 mg/kg/dose) used for 3 days (nonsevere pneumonia) and 5 days
for children with severe pneumonia.” During severe pneumonia, the first line of treatment is often
parenteral ampicillin (penicillin) and gentamicin, followed by ceftriaxone if the first line of treatment
is not effective.” Various randomized controlled studies from the Cochrane database of Systemic Re-
views have shown a multitude of available treatments for pneumonia in children with (1) cefpodoxime
proving to be more effective than amoxicillin, (2) amoxicillin more effective than chloramphenicol,
(3) amoxicillin being an effective alternative to cotrimoxazole for CAP patients, (4) coamoxyclavu-
lanic acid and cefpodoxime as alternative second-line drugs of choice, and (5) penicillin/ampicillin
plus gentamicin more effective than chloramphenicol for children hospitalized with severe CAP.”” A
3-year pediatric study of the susceptibility of 208 S. pneumoniae isolates, including serotype 19A, us-
ing antibiotics such as second- and third-generation cephalosporins showed significant efficacy against
60-70% of the isolates, with clindamycin susceptibility of 60—85%, levofloxacin 95%, and ceftriaxone
>95%.”* The American Thoracic Society and the European Respiratory Society recommend that hos-
pitalized patients with CAP are preferably treated with a respiratory fluoroquinolone or combination
therapy with a B-lactam and a macrolide.” The success rates of incorporating the fluoroquninolone
or combination with a macrolide based on the clinical, bacteriological, or radiological examinations
ranged from 87-96%.” Vancomycin or clindamycin (based on local susceptibility data) should also
be provided in addition to B-lactam therapy if clinical, laboratory, or radiological characteristics are
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consistent with infection caused by S. aureus.” Although nonsevere and severe CAP have been man-
aged by many antimicrobials as a result of various studies from developing countries that compared
different types of antibiotics, there is need for more studies and larger clinical trials for better man-
agement of pneumonia in developed countries. Another major health concern is the continual rise in
antibiotic resistance with approximately 30% of the isolates being resistant to macrolides including
erythromycin, azithromycin, and clarithromycin.”

The introduction and inclusion of the Hib vaccine over the past 25 years has resulted in almost
complete elimination of H. influenzae in children, therefore it is not considered as a pathogen in CAP.
Nontypeable H. influenzae is also not considered as a pathogen in pediatric pneumonia unless detected
in lung disease or COPD. When detected as a true pathogen in CAP, oral amoxicillin is considered
effective against B-lactamase negative strains, and for B-lactamase producing strains, amoxicillin-
clavulanate, cefuroxime, cefdinir, cefixime, cefpodoxime are all considered effective therapies, while
children allergic to oral B-lactam agents are only given fluoroquinolones.”"

Although an infrequent cause of CAP, group A Streptococcus may cause severe necrotizing pneu-
monia. Penicillin G at the dosage of 100,000-200,000 U/kg/day in 4-5 divided doses is used to treat
patients suffering from CAP due to group A Streptococcus. As macrolide resistance is greater in strep-
tococcal infections, along with lower tolerability by tissues, erythromycin and other macrolides are not
administered.”’

S. aureus capable of causing pneumonia are usually methicillin-sensitive and are treated with
either a B-lactamase stable penicillin (oxacillin or nafcillin) or a first-generation cephalosporin, like
cefazolin. Community-associated methicillin-resistant S. aureus (MRSA) represents >50-70% of the
clinical isolates in some region of the United States,” but are shown to be susceptible to vancomycin,
clindamycin, and linezolid. However, children intolerant to vancomycin and clindamycin could be
treated with linezolid. However, severe adverse effects, including suppression of platelets and neutro-
phils, nerve injury, mean that this drug should be used with caution.

In situations where Mycoplasma pneumoniae and Chlamydophila pneumoniae are of signifi-
cant consideration upon diagnostic evaluation, empiric combination therapy with a macrolide and a
B-lactam antibiotic is considered.

6 CURRENT ANTIINFECTIVE TREATMENTS AGAINST VIRAL PATHOGENS

Children with moderate to severe CAP consistent with influenza virus infection during widespread
local circulation of influenza viruses should be administered with influenza antiviral therapy. The sus-
ceptible strains of influenza A virus are commonly treated with adamantanes and neuraminidase inhibi-
tors. As the occurrence of genetic variations is highly substantial among influenza strains, resistance to
either class of antiviral agents may develop quickly. However, the dosages of antiviral agents currently
recommended for seasonal influenza are developed for fully susceptible strains and evaluated in clini-
cal trials mandating the requirement of treatment within 3 days of the onset of symptoms.”’ Early anti-
viral treatment has been shown to provide maximal benefit, and treatment should not be delayed until
confirmation of positive influenza test results. Negative results of influenza diagnostic tests, especially
the rapid antigen tests, do not conclusively exclude influenza disease. Therefore, treatment after 48 h
of symptomatic infection may still provide some clinical benefit to those with more severe disease.”
The efficacy of ribavirin for the treatment of RSV CAP in infants is debatable, as certain in vitro
studies have shown activity of ribavirin against RSV, but its usage for RSV infection is not routinely
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recommended in the management of lower respiratory tract disease because of the high cost, aerosol
administration, and possible toxic effects among healthcare providers. Palivizumab (Synagis), a hu-
manised murine monoclonal antibody is another effective prophylaxis for RSV infection that is admin-
istered intramuscularly.”

Although parainfluenza virus, adenovirus, metapneumovirus, rhinovirus, coronavirus, and bocavi-
rus are associated with pediatric CAP, there are no prospective, controlled studies for antiviral therapy
against these viruses.

7 ANTIBIOTIC RESISTANCE AND ITS IMPACT

Since the introduction of penicillin in 1950s, it has been the first choice for treating pneumococcal
pneumonia. During the early 1970s, infants and children were successfully treated with amoxicillin
(4045 mg/kg/day divided into 3 equal doses) because of the susceptible nature of the strains at that
time. Resistance to the commonly used antibiotics poses a major problem and concern for health practi-
tioners while choosing an empirical therapy against bacterial pneumonia, and there are large geograph-
ical variations indicating different resistance patterns. In the 1990s with the widespread pneumococcal
resistance to penicillin, the dosage was increased to ~90 mg/kg/day given twice daily for treating
children with acute otitis media.”” A recent review has highlighted advances in the understanding of
the various mechanisms by which bacteria acquire resistance to antibiotics, how they prevent access to
different drug targets, and modulate or inactivate antibiotics.”

The introduction of pneumococcal conjugate vaccine and the changes in antimicrobial usage have
both significantly altered the resistance patterns of S. pneumoniae. The decreased degree of penicillin
resistance further prompted a decrease in amoxicillin dosage compared to that administered in the pre-
vaccine era.”’ Over the last decade, a certain multicentre clinical trial study has reported a significant
decrease in the susceptibility rates of the commonly used antibiotics such as amoxicillin/clavulante,
penicillin, and ceftriaxone from 93.8% to 82.7%, 94.7% to 84.1%, and 97.4% to 87.5%, respectively.”
The susceptibility rates of macrolides such as erythromycin and clindamycin were also reported to
be decreased from 82.2% to 60.8% and from 96.2% to 79.1%, respectively. Recently, increasing re-
sistance against macrolides has been reported in several European countries, including the United
Kingdom. A 3-year surveillance study involving 1545 clinical isolates reported around 26% and 20%
increase in the rates of ampicillin and trimethoprim/sulfamethoxazole resistance against H. influenzae,
respectively, while antibiotics such as ceftaroline, ceftriaxone, amoxicillin/clavulante, and levofloxacin
showed 99-100% susceptibility.” This study also showed increasing resistance of penicillin (96.4%)
towards M. catarrhalis, because of the prevalence of B-lactamase that is known to reduce the suscep-
tibility to penicillins. The resistance to macrolides against M. pneumoniae in children and adults with
CAP has been increasingly emerging in countries like Japan, France, Denmark, United States, and
China, with rates as high as 40% in Japan, 85% in China, and 3-10% in the Europe and the United
States.”””” Community-acquired MRSA, although primarily associated with skin and soft tissue infec-
tions, are now being recognized to cause invasive infections including CAP, with almost 50% mortality
rates reported in the United States and Europe.”*”

There are certain ways by which resistance to antimicrobials can be minimized, such as: limiting
the exposure to any antibiotic, whenever possible; limiting the spectrum of usage of antimicrobials to
that specifically required to treat the identified pathogen; using the proper dosage of antimicrobial to
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achieve a minimal effective concentration at the site of infection; treatment for the shortest effective
duration that will minimize the exposure of both pathogens and normal microbiota to antimicrobials
and further minimize the selection for resistance.’'

8 ADVANCES IN ANTIBIOTIC TREATMENT FOR PNEUMONIA

The increasing incidence of antimicrobial resistance remains one of greatest challenges against emerg-
ing bacterial infections and has resulted in some bacteria being essentially untreatable with the current
available treatment options. As a result, newer antimicrobials with novel modes of action against multi-
drug resistant strains are being developed. A recent review has highlighted how combinations of drugs
can offer synergistic and antagonistic drug interactions, and how these drug interactions can provide
opportunities for discovery of newer drugs.” In recent years, the availability of new antimicrobials
for human consumption has been lower than in the recent past, with no new classes of antimicrobi-
als developed since the introduction of nalidixic acid (1962) and linezolid (2000). The availability of
antimicrobials in recent years has mostly been the result of modification of existing molecules. One of
the reasons for this is that the development of any new antimicrobial agent is very expensive and time
consuming, with research and development of infective drugs taking around 15-20 years, and costing
around US$1000 million, with further additional costs for bringing the new drug into the market.”
There is a strong need for newer unexploited targets and strategies for the next generation of antimicro-
bial drugs against drug resistant and emerging pathogens. Some of the new antimicrobial agents that
are in the clinical development stage are listed in Table 17.2.

Table 17.2 Newer Antimicrobial Agents Against Bacterial Pneumonia

Drug Class Year of Approval/Trial Activity Against
Daptomycin Lipopeptide 2003 Gram+ve bacteria
Telithromycin Ketolide 2004 Gram+ve and —ve bacteria
Ceftaroline Cephalosporin 2010 Gram+ve bacteria
Fidaxomicin Macrocyclic 2011 Gram+ve bacteria
Retapamulin Pleuromutilin 2007 Gram+ve bacteria

Under Research and Development

Torezolid Oxazolidinones Phase I1 Gram-+ve bacteria
Cethromycin Ketolides Phase I1I Gram-+ve bacteria
Oritavancin Glycopeptides Phase I1I Gram-+ve bacteria
Still Needing FDA Approval

Ceftobiprole Cephalosporin Gram-+ve bacteria
Iclaprim Dihydrofolatereductase Gram-+ve bacteria

The table shows the availability of the newer antimicrobial agents, future promising antiinfective antimicrobials, and those awaiting
FDA approval for treating bacterial pneumonia.
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Some of the new antibiotics that have shown promising results in the treatment of pneumonia and
CAP are as follows:

Ceftaroline: a fifth generation cephalosporin known to bind to penicillin-binding proteins and pre-
venting synthesis of bacterial cell walls. It is a novel broad-spectrum antibiotic effective against MRSA,
penicillin and cephalosporin resistant S. pneumoniae, vancomycin-intermediate S. aureus (VISA), and
vancomycin-resistant S. aureus (VRSA).” It is also active against many Gram-negative pathogens but
inactive against extended-spectrum B-lactamase (ESBL) producing bacteria. It has been approved for
the treatment of CAP. Different randomized, double-blind, multicentre trials have demonstrated the
efficacy (>82% clinical cure) and safety of ceftaroline (intravenous, 600 mg twice daily) for the treat-
ment of CAP.”

Ceftobiprole: another newer cephalosporin that has a broad-spectrum activity against MRSA, pen-
icillin-resistant S. pneumoniae, P. aeruginosa and enterococci.”” A randomized trial consisting of 706
hospitalized adults with severe CAP who were administered ceftobiprole (intravenous, 500 mg over
120 min every 8 h) showed no significant differences between the treatment groups but found adverse
events including nausea and vomiting in 36% of the patients."

Telavancin: a semi-synthetic lipoglycopeptide derivative of vancomycin known to disrupt pepti-
doglycan synthesis and alter cell membrane function. It has been in use for treating complicated skin
infections caused by S. aureus, and hospital-acquired bacterial pneumonia, including ventilator-associ-
ated bacterial pneumonia caused by susceptible isolates of S. aureus.*

Telithromycin: the first ketolide to enter clinical use for the treatment of CAP, chronic bronchitis
and acute sinusitis. Telithromycin is a protein synthesis inhibitor blocking the progression of the grow-
ing polypeptide chain by binding to the 50S subunit of the bacterial ribosome. It exhibits 10 times
higher affinity to the subunit 50S subunit than erythromycin. In addition, telithromycin strongly binds
simultaneously to two domains of 23S subunit of the 50S ribosomal subunit; older macrolides bind to
only to one domain and weakly to the second domain. An in vitro study showed activity of telithromy-
cin against S. pneumoniae and, compared with clarithromycin and azithromycin, was found to maintain
its activity against macrolide-resistant strains of S. pneumoniae and S. pyogenes.* It is formulated as
400 mg tablet for oral administration with good absorption and bioavailability.”* However, the FDA
withdrew its approval in the treatment of CAP in 2007 due to its safety concerns involving hepatotoxic-
ity, myasthenia gravis exacerbation, and visual disturbances.

Cethromycin: a 3-keto,11,12carbamate derivative of erythromycin A with an O-6 linked aro-
matic ring. It binds strongly to the 50S ribosomal subunit and inhibits bacterial protein synthesis.”
Cethromycin displays in vitro activity against streptococci, including strains of S. pneumoniae
that are resistant to penicillins and macrolides.” Its activity was greater than telithromycin against
macrolide-resistant streptococci and is more potent than macrolides and fluoroquinolones against
penicillin-resistant streptococci. It also displays comparable in vitro activity to azithromycin
against respiratory Gram-negative organisms including (3-lactamase-producing H. influenzae and M.
catarrhalis. It was shown to be more potent than erythromycin and clarithromycin but less potent
than fluoroquinolones against B-lactamase-producing H. influenzae.”"’ It showed similar potency
against B-lactamase-producing M. catarrhalis.

Solithromycin: a new macrolide, and the first fluoroketolide in clinical development, with proven
activity against macrolide-resistant bacteria. Solithromycin is being developed in both intravenous and
oral formulations for the treatment of CAP, which should allow both oral therapy and i.v.-to-oral step-
down therapy in appropriate patients. A recent multicentre, double-blind, randomized phase II study
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consisting of 132 patients with moderate to severe CAP administered with oral solithromycin (800-mg
loading dose and 400 mg maintenance dose/5 days) showed efficacy comparable to that of levofloxacin
in the treatment of CAP, with a favorable safety and tolerability profile.”

Nemonoxacin: a novel nonfluorinated quinolone with proven in vitro and in vivo activity against
CAP pathogens including multidrug resistant S. pneumoniae. A randomized multicentre trial consist-
ing of 265 CAP patients treated with an oral administration of nemonoxacin (750 and 500 mg/7 days)
showed a remarkable 80-85% clinical and bacteriological success rate, which was comparable tolevo-
floxacin therapy.” A recent comprehensive review has well documented all the data available on the
pharmacodynamics, the pharmacokinetics, and the clinical treatment studies of this antimicrobial
agent.g(’

Zabofloxacin: is being developed as a new fluoroquinolone antibiotic that is a potent and selective
inhibitor of the essential bacterial type II topoisomerases and topoisomerase IV and is indicated for
community-acquired respiratory infections due to Gram-positive bacteria. Two dosing regimens of
zabofloxacin (zabofloxacin hydrochloride 400 mg capsule andzabofloxacin aspartate 488 mg tablet)
were well-tolerated with no adverse effects.”

JNJ-Q2 and KPI-10: two novel fluoroquinolones that are being developed for the treatment of bac-
terial pathogens responsible for respiratory infections including CAP, and other skin infections. Both
agents have demonstrated increased potency when compared with the marketed fluoroquinolones, thus
encouraging further clinical development.””’

BC-3781: a recent semisynthetic pleuromutilin antibiotic with excellent antibacterial activity
against skin pathogens such as S. aureus, B-haemolytic streptococci, viridans streptococci, and En-
terococcus faecium as well as against respiratory pathogens. Its activity against respiratory pathogens
has also been confirmed in various murine models of infection using S. pneumoniae, H. influenzae,
S. aureus, and MRSA (nosocomial and community-associated), with better drug penetration, strongly
supporting its potential use in the treatment of bacterial respiratory tract infections.”

9 NEWER TARGETS FOR THE NEXT GENERATION ANTIMICROBIALS
FOR COMBATING DRUG RESISTANCE

Although there are a wide variety of clinically efficacious antibiotics in use today, the development
of bacterial resistance has rendered them less effective, with most being bacteriostatic, and acting by
either protein or cell wall synthesis inhibition. Further research is needed in the design of novel anti-
bacterial agents with new targets.

9.1 TARGETING BACTERIAL PROTEINS

One approach could be to design antibiotics that can be used against novel drug targets such as the
bacterial enzymes B-ketoacyl-acyl-carrier-protein synthase I/IT which are required for fatty acid bio-
synthesis. Platensimycin is one such drug undergoing preclinical trials and is known to block these
enzymes that are involved in the biosynthesis of essential fatty acids by Gram-positive bacteria.” It has
potent antibacterial activity against Gram-positive bacteria including multidrug resistant staphylococci
and enterococci.
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9.2 COMBINING 3-LACTAMASE ENZYME WITH 3-LACTAM ANTIBACTERIAL DRUGS

Another approach worth investigating could be to combine B-lactam antibiotics with naturally oc-
curring B-lactamase enzymes in the gastrointestinal microbiota. These enzymes are shown to hydro-
lyse various antibiotics including penicillin, ampicillin, and piperacillin. P1A protein (29 kDa) is one
such example of having both structural and functional similarities to the B-lactamase enzyme. The
emergence of resistant microbes can be significantly reduced by taking advantage of combining this
naturally occurring hydrolysis of the antibacterial drug with currently available -lactam drugs. A
Phase II trial for the treatment of serious respiratory infections which incorporated treatment with P1A
(B-lactamase product) and ampicillin showed only a 20% change in gut microbiota compared to 50%
change in patients treated with ampicillin alone.”

9.3 IMMUNOMODULATORY STRATEGIES

Apart from antimicrobials, strategies involving immunomodulation of inflammatory responses (target-
ing pattern recognition receptor signaling, corticosteroids, complement inhibitors etc.), improving pul-
monary barrier function (using adrenomedullin, angiopoietin etc.) during pneumonia and its associated
complications could add a new dimension in providing better therapeutics for patients.”

10 CONCLUSIONS AND FUTURE PERSPECTIVES

Despite great advances in management and preventative approaches, pneumonia still remains a major
burden of mortality and morbidity in young children and the elderly, especially in the developing and
under-developed countries. Prevention by means of vaccination is critical for reducing pneumonia
mortality in children <5 years of age, and an effective antibiotic therapy is important for the elderly.
The widespread emergence of antimicrobial resistance is a well-recognized cause of the ineffectiveness
of the large number of the currently used antimicrobials. Although numerous efforts have been made
to combat this, newer targets need to be identified for the generation of the next level of effective anti-
microbials. In addition, a complete understanding of the various aspects of drug resistance in microbes
is essential to assist us in designing better targets and help us discover new antibacterial drugs. In the
near future, the next challenge will be to identify newer agents for the treatment of multidrug resistant
pathogens which are emerging at a rapid rate. The constant and unpredictable nature of pneumococ-
cal pathogens can outpace technological and drug development strategies. Therefore, it is critical for
researchers, pharmaceutical companies, and governments and other funding bodies to continue mak-
ing progress in developing new strategies and antimicrobials towards respiratory infections, including
pneumonia.

REFERENCES

1. Moellering RC. The continuing challenge of lower respiratory tract infections. Clin Infect Dis 2002;34:S1-3.

2. Leowski J. Mortality from acute respiratory infections in children under five years of age: global estimates.
Wld Hlth Statist Quart 1986;39:138-44.

3. Garbino J, Gerbase MW, Wunderli W, Kolarova L, Nicod LP, Rochat T, et al. Respiratory viruses and severe
lower respiratory tract complications in hospitalized patients. Chest 2004;125(3):1033-9.


http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0010
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0015
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0015
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0020
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0020

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

REFERENCES 275

Kais M, Spindler C, Kalin M, Ortqvist A, Giske CG. Quantitative detection of Streptococcus pneumoniae.
Haemophilus influenzae and Moraxella catarrhalis in lower respiratory tract samples by real-time PCR. Diag
Microbiol Infect Dis 2006;55:169-78.

Shann F. Etiology of severe pneumonia in children in developing countries. Pediatr Infect Dis J
1986;5:247-52.

Bogaert D, Engelen MN, Timmers-Reker AJM, Elzenaar KP, Peerbooms PGH, Coutinho RA, et al.
Pneumococcal carriage in children in The Netherlands: a molecular epidemiological study. J Clin Microbiol
2001;39(9):3316-20.

Brooks-Walter A, Briles DE, Hollingshead SK. The pspC gene of Streptococcus pneumoniae encodes
a polymorphic protein, PspC, which elicits cross-reactive antibodies to PspA and provides immunity to
pneumococcal bacteremia. Infect Immun 1999;67:6533-42.

Bergmann S, Hammerschmidt S. Versality of pneumococcal surface proteins. Microbiol 2006;152:295-303.
Yang B, Yang BL, Savani RC, Turley EA. Identification of a common hyaluronan binding motif in the
hyaluronan binding proteins RHAMM, CD44 and link protein. EMBO J 1994;13:288-98.
Mitchell AM, Mitchell TJ. Streptococcus pneumoniae: virulence factors and variation. Clin Microbiol Infect
2010;16(5):411-8.

Tuomanen EI. Pathogenesis of pneumococcal inflammation: otitis media. Vaccine 2001;19:S38-40.

Cundell DR, Gerard NP, Gerard C, Idanpaan-Heikkila I, Tuomanen EI. Streptococcus pneumoniae anchor to
activated human cells by the receptor for platelet-activating factor. Nature 1995;377(6548):435-8.
AlonsoDeVelasco E, Verheul AFM, Verhoef J, Snippe H. Streptococcus pneumoniae: virulence factors,
pathogenesis and vaccines. Microbiol Rev 1995;59(4):591-603.

Weiser JN, Austrian R, Sreenivasan PK, Masure HR. Phase variation in pneumococcal opacity: relationship
between colonial morphology and nasopahryngeal colonisation. Infect Immun 1994;62:2582-9.

Cundell DR, Tuomanen EI. Receptor specificity of adherence of Streptococcus pneumoniae to human type I1
pneumocytes and ascular endothelial cells in vitro. Microb Pathog 1994;17:361-74.

Hakansson A, Kidd A, Wadell G, Sabharwal H, Svanborg C. Adenovirus infection enhances in vitro
adherence of Streptococcus pneumoniae. Infect Immun 1994;62(7):2707-14.

Harford CG, Hara M. Technical Assistance of Alice H. Pulmonary Edema in Influenzal Pneumonia of the
Mouse and the Relation of Fluid in the Lung to the Inception of Pneumococcal Pneumonia. J Exp Med
1950;91(3):245-60.

Kline BS, Winternitz MC. Studies Upon Experimental Pneumonia in Rabbits : Viii. Intra Vitam Staining in
Experimental Pneumonia, and the Circulation in the Pneumonic Lung. J Exp Med. 1915;21(4):311-9.
Chiou CC, Yu VL. Severe pneumococcal pneumonia: new strategies for management. Curr Opin Crit Care
2006;12(5):470-6.

Cashat-Cruz M, Morales-Aguirre JJ, Mendoza-Azpiri M. Respiratory tract infections in children in
developing countries. Semin Pediatr Infect Dis 2005;16(2):84-92.

Obaro SK, Monteil MA, Henderson DC. Fortnightly review: the pneumococcal problem. BMJ
1996;312(7045):1521-5.

Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology of childhood
pneumonia. Bull World Health Organ 2008;86(5):408-16.

Walker CL, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global burden of childhood pneumonia
and diarrhoea. Lancet 2013;381(9875):1405-16.

Zar HJ, Madhi SA, Aston SJ, Gordon SB. Pneumonia in low and middle income countries: progress and
challenges. Thorax 2013;68(11):1052-6.

Gilani Z, Kwong YD, Levine OS, Deloria-Knoll M, Scott JA, O’Brien KL, et al. A literature review and
survey of childhood pneumonia etiology studies: 2000-2010. Clin Infect Dis 2012;54(Suppl. 2):S102-8.
Kaplan SL, Mason Jr EO, Wald E, Tan TQ, Schutze GE, Bradley JS, et al. Six year multicentre surveillance
of invasive pneumococcal infections in children. Pediatr Infect Dis J 2002;21(2):141-7.


http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0025
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0025
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0025
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0030
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0030
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0035
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0035
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0035
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0040
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0040
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0040
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0045
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0050
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0050
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0055
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0055
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0060
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0065
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0065
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0070
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0070
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0075
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0075
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0080
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0080
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0085
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0085
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0090
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0090
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0090
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0095
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0095
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0100
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0100
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0105
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0105
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0110
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0110
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0115
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0115
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0120
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0120
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0125
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0125
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0130
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0130
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0135
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0135

276 CHAPTER 17 CURRENT THERAPEUTICS AND PROPHYLACTIC APPROACHES

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet 2011;377(9773):1264-75.
May DS, Kelly JJ, Mendlein JM, Garbe PL. Surveillance of major causes of hospitalization among the elderly,
1988. MMWR. CDC surveillance summaries: Morbidity and mortality weekly report. CDC surveillance
summaries/Centers for Disease Control 1991;40(1):7-21.

Ochoa-Gondar O, Vila-Corcoles A, de Diego C, Arija V, Maxenchs M, Grive M, et al. The burden of
community-acquired pneumonia in the elderly: the Spanish EVAN-65 study. BMC public health 2008;8:222.
El-Solh AA, Sikka P, Ramadan F, Davies J. Etiology of severe pneumonia in the very elderly. Am J Respir
Crit Care Med 2001;163(3 Pt 1):645-51.

Johansson N, Kalin M, Tiveljung-Lindell A, Giske CG, Hedlund J. Etiology of community-acquired
pneumonia: increased microbiological yield with new diagnostic methods. Clin Infect Dis 2010;50(2):202-9.
Swingler G, Fransman D, Hussey G. Conjugate vaccines for preventing Haemophilus influenzae type B
infections. Cochrane Database Syst Rev 2007;(2):CD001729.

Watt JP, Wolfson LJ, O’Brien KL, Henkle E, Deloria-Knoll M, McCall N, et al. Burden of disease
caused by Haemophilus influenzae type b in children younger than 5 years: global estimates. Lancet
2009;374(9693):903-11.

Centers for Disease C. Prevention. Global routine vaccination coverage, 2011. MMWR. Morbidity and
mortality weekly report. 2012;61(43):883-5.

Theodoratou E, Johnson S, Jhass A, Madhi SA, Clark A, Boschi-Pinto C, et al. The effect of Haemophilus
influenzae type b and pneumococcal conjugate vaccines on childhood pneumonia incidence, severe morbidity
and mortality. International journal of epidemiology 2010;39(Suppl. 1):1172—185.

Bhutta ZA, Das JK, Walker N, Rizvi A, Campbell H, Rudan I, et al. Interventions to address deaths from
childhood pneumonia and diarrhoea equitably: what works and at what cost? Lancer 2013;381(9875):1417-29.
Zimmerman RK, Middleton DB. Vaccines for persons at high risk, 2007. J Fam Pract 2007;56(2 Suppl. Vac
cines):S38-46 C34-C35.

Aljunid S, Abuduxike G, Ahmed Z, Sulong S, Nur AM, Goh A. Impact of routine PCV7 (Prevenar)
vaccination of infants on the clinical and economic burden of pneumococcal disease in Malaysia. BMC Infect
Dis 2011;11:248.

Picon T, Alonso L, Garcia Gabarrot G, Speranza N, Casas M, Arrieta F, et al. Effectiveness of the 7-valent
pneumococcal conjugate vaccine against vaccine-type invasive disease among children in Uruguay: an
evaluation using existing data. Vaccine. 2013;31(Suppl. 3):C109-13.

Ekstrom N, Ahman H, Palmu A, Gronholm S, Kilpi T, Kayhty H, et al. Concentration and high avidity of
pneumococcal antibodies persist at least 4 years after immunization with pneumococcal conjugate vaccine in
infancy. Clin Vaccine Immunol 2013;20(7):1034-40.

Ordonez JE, Orozco JJ. Cost-effectiveness analysis of the available pneumococcal conjugated vaccines for
children under five years in Colombia. Cost Eff Resour Alloc 2015;13:6.

Fletcher MA, Fritzell B. Pneumococcal conjugate vaccines and otitis media: an appraisal of the clinical trials.
International J Otolaryngol 2012;2012:312935.

Andrews NJ, Waight PA, Burbidge P, Pearce E, Roalfe L, Zancolli M, et al. Serotype-specific effectiveness
and correlates of protection for the 13-valent pneumococcal conjugate vaccine: a postlicensure indirect
cohort study. Lancet Infect Dis 2014;14(9):839-46.

Ochoa-Gondar O, Vila-Corcoles A, Rodriguez-Blanco T, Gomez-Bertomeu F, Figuerola-Massana E, Raga-
Luria X, et al. Effectiveness of the 23-valent pneumococcal polysaccharide vaccine against community-
acquired pneumonia in the general population aged >/= 60 years: 3 years of follow-up in the CAPAMIS
study. Clin Infect Dis 2014;58(7):909-17.

Cadeddu C, De Waure C, Gualano MR, Di Nardo F, Ricciardi W. 23-valent pneumococcal polysaccharide
vaccine (PPV23) for the prevention of invasive pneumococcal diseases (IPDs) in the elderly: is it really
effective? J Prev Med Hyg 2012;53(2):101-3.


http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0140
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0145
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0145
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0150
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0150
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0155
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0155
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0160
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0160
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0165
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0165
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0165
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0170
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0170
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0175
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0175
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0175
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0180
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0180
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0185
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0185
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0190
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0190
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0190
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0195
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0195
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0195
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0200
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0200
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0200
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0205
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0205
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0210
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0210
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0215
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0215
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0215
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0220
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0220
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0220
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0220
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0225
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0225
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0225

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

REFERENCES 277

Whitney CG, Farley MM, Hadler J, Harrison LH, Bennett NM, Lynfield R, et al. Decline in invasive
pneumococcal disease after the introduction of protein-polysaccharide conjugate vaccine. NEJM
2003;348(18):1737-46.

Kohanski MA, Dwyer DJ, Collins JJ. How antibiotics kill bacteria: from targets to networks. Nat Rev
Microbiol 2010;8(6):423-35.

Drlica K, Malik M, Kerns RJ, Zhao X. Quinolone-mediated bacterial death. Antimicrob Agents Chemother
2008;52(2):385-92.

Bugg TD, Walsh CT. Intracellular steps of bacterial cell wall peptidoglycan biosynthesis: enzymology,
antibiotics, and antibiotic resistance. Nat Prod Rep 1992;9(3):199-215.

Tomasz A. The mechanism of the irreversible antimicrobial effects of penicillins: how the beta-lactam
antibiotics kill and lyse bacteria. Annu Rev Microbiol 1979;33:113-37.

Katz L, Ashley GW. Translation and protein synthesis: macrolides. Chemical Rev 2005;105(2):499-528.
Chopra I, Roberts M. Tetracycline antibiotics: mode of action, applications, molecular biology, and
epidemiology of bacterial resistance. Microbiol Mol Biol Rev 2001;65(2):232—60 second page, table of
contents.

Principi N, Esposito S. Management of severe community-acquired pneumonia of children in developing and
developed countries. Thorax 2011;66(9):815-22.

Sazawal S, Black RE. Pneumonia Case Management Trials G. Effect of pneumonia case management on
mortality in neonates, infants, and preschool children: a meta-analysis of community-based trials. Lancet
Infect Dis 2003;3(9):547-56.

Soofi S, Ahmed S, Fox MP, MacLeod WB, Thea DM, Qazi SA, et al. Effectiveness of community case
management of severe pneumonia with oral amoxicillin in children aged 2-59 months in Matiari district,
rural Pakistan: a cluster-randomized controlled trial. Lancet 2012;379(9817):729-37.

Recommendations for Management of Common Childhood Conditions: Evidence for Technical Update of
Pocket Book Recommendations: Newborn Conditions, Dysentery, Pneumonia, Oxygen Use and Delivery,
Common Causes of Fever, Severe Acute Malnutrition and Supportive Care. GenevaWHO 2012.

Kabra SK, Lodha R, Pandey RM. Antibiotics for community-acquired pneumonia in children. Cochrane
Database Syst Rev Cochrane Database Syst Rev 2010;(3):CD004874.

Harrison CJ, Woods C, Stout G, Martin B, Selvarangan R. Susceptibilities of Haemophilus influenzae,
Streptococcus pneumoniae, including serotype 19A, and Moraxella catarrhalis paediatric isolates from 2005
to 2007 to commonly used antibiotics. J Antimicrob Chemother 2009;63(3):511-9.

Mandell LA, Bartlett JG, Dowell SF, File Jr TM, Musher DM, Whitney C, et al. Update of practice
guidelines for the management of community-acquired pneumonia in immunocompetent adults. Clin Infect
Dis 2003;37(11):1405-33.

Bjerre LM, Verheij TJ, Kochen MM. Antibiotics for community-acquired pneumonia in adult outpatients.
Cochrane Database Syst Rev 2009;(4):CD002109.

Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER, Harrison C, et al. The management of community-
acquired pneumonia in infants and children older than 3 months of age: clinical practice guidelines by
the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America. Clin Infect Dis
2011;53(7):e25-76.

Farrell DJ, Couturier C, Hryniewicz W. Distribution and antibacterial susceptibility of macrolide resistance
genotypes in Streptococcus pneumoniae: PROTEKT Year 5 (2003-2004). Int J Antimicrob Agents
2008;31(3):245-9.

Lappin E, Ferguson AJ. Gram-positive toxic shock syndromes. Lancet Infect Dis 2009;9(5):281-90.
Como-Sabetti K, Harriman KH, Buck JM, Glennen A, Boxrud DJ, Lynfield R. Community-associated
methicillin-resistant Staphylococcus aureus: trends in case and isolate characteristics from six years of
prospective surveillance. Public Health Rep 2009;124(3):427-35.


http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0230
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0230
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0230
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0235
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0235
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0240
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0240
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0245
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0245
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0250
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0250
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0255
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0260
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0260
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0260
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0265
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0265
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0270
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0270
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0270
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0275
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0275
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0275
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0280
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0280
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0285
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0285
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0285
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0290
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0290
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0290
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0295
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0295
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0300
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0300
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0300
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0300
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0305
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0305
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0305
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0310
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0315
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0315
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0315

278 CHAPTER 17 CURRENT THERAPEUTICS AND PROPHYLACTIC APPROACHES

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Heinonen S, Silvennoinen H, Lehtinen P, Vainionpaa R, Vahlberg T, Ziegler T, et al. Early oseltamivir
treatment of influenza in children 1-3 years of age: a randomized controlled trial. Clin Infect Dis
2010;51(8):887-94.

Committee on Infectious D. From the American Academy of Pediatrics: Policy statements--Modified
recommendations for use of palivizumab for prevention of respiratory syncytial virus infections. Pediatrics
2009;124(6):1694-701.

Dagan R, Hoberman A, Johnson C, Leibovitz EL, Arguedas A, Rose FV, et al. Bacteriologic and clinical
efficacy of high dose amoxicillin/clavulanate in children with acute otitis media. Pediatr Infect Dis J
2001;20(9):829-317.

Blair JM, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJ. Molecular mechanisms of antibiotic resistance.
Nat Rev Microbiol 2015;13(1):42-51.

Kyaw MH, Lynfield R, Schaffner W, Craig AS, Hadler J, Reingold A, et al. Effect of introduction
of the pneumococcal conjugate vaccine on drug-resistant Streptococcus pneumoniae. N Engl J Med
2006;354(14):1455-63.

Jones RN, Sader HS, Moet GJ, Farrell DJ. Declining antimicrobial susceptibility of Streptococcus pneumoniae
in the United States: report from the SENTRY Antimicrobial Surveillance Program (1998-2009). Diagn
Microbiol Infect Dis 2010;68(3):334-6.

Pfaller MA, Farrell DJ, Sader HS, Jones RN. AWARE Ceftaroline Surveillance Program (2008-2010): trends
in resistance patterns among Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis
in the United States. Clin Infect Dis 2012;55 Suppl. 3:S187-93.

Bebear C, Pereyre S, Peuchant O. Mycoplasma pneumoniae: susceptibility and resistance to antibiotics.
Future Microbiol 2011;6(4):423-31.

Morozumi M, Takahashi T, Ubukata K. Macrolide-resistant Mycoplasma pneumoniae: characteristics of
isolates and clinical aspects of community-acquired pneumonia. J Infect Chemother 2010;16(2):78-86.
David MZ, Daum RS. Community-associated methicillin-resistant Staphylococcus aureus: epidemiology
and clinical consequences of an emerging epidemic. Clin Microbiol Rev 2010;23(3):616-87.

Kwong JC, Chua K, Charles PG. Managing Severe Community-Acquired Pneumonia Due to Community
Methicillin-Resistant Staphylococcus aureus (MRSA). Curr Infect Dis Rep 2012;14(3):330-8.

Bollenbach T. Antimicrobial interactions: mechanisms and implications for drug discovery and resistance
evolution. Curr Opin Microbiol 2015;27:1-9.

Birkett D, Brosen K, Cascorbi I, Gustafsson LL, Maxwell S, Rago L, et al. Clinical pharmacology in
research, teaching and health care: Considerations by [IUPHAR, the International Union of Basic and Clinical
Pharmacology. Basic Clin Pharmacol Toxicol 2010;107(1):531-59.

GeY, Biek D, Talbot GH, Sahm DF. In vitro profiling of ceftaroline against a collection of recent bacterial
clinical isolates from across the United States. Antimicrob Agents Chemother 2008;52(9):3398-407.
Saravolatz LD, Stein GE, Johnson LB, Ceftaroline:. a novel cephalosporin with activity against methicillin-
resistant Staphylococcus aureus. Clin Infect Dis 2011;52(9):1156-63.

Widmer AF, Ceftobiprole:. a new option for treatment of skin and soft-tissue infections due to methicillin-
resistant Staphylococcus aureus. Clin Infect Dis 2008;46(5):656-8.

Nicholson SC, Welte T, File Jr TM, Strauss RS, Michiels B, Kaul P, et al. A randomized, double-blind trial
comparing ceftobiprole medocaril with ceftriaxone with or without linezolid for the treatment of patients
with community-acquired pneumonia requiring hospitalization. /nt J Antimicrob Agents 2012;39(3):240-6.
Karlowsky JA, Nichol K, Zhanel GG. Telavancin: mechanisms of action, in vitro activity, and mechanisms of
resistance. Clin Infect Dis 2015;61(Suppl. 2):S58-68.

Zuckerman JM. Macrolides and ketolides: azithromycin, clarithromycin, telithromycin. Infect Dis Clin North
Am 2004;18(3):621-49.

Namour F, Wessels DH, Pascual MH, Reynolds D, Sultan E, Lenfant B. Pharmacokinetics of the new
ketolide telithromycin (HMR 3647) administered in ascending single and multiple doses. Antimicrob Agents
Chemother 2001;45(1):170-5.


http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0320
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0320
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0320
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0325
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0325
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0325
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0330
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0330
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0330
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0335
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0335
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0340
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0340
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0340
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0345
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0345
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0345
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0350
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0350
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0350
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0355
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0355
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0360
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0360
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0365
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0365
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0370
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0370
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0375
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0375
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0380
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0380
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0380
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0385
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0385
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0390
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0390
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0395
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0395
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0400
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0400
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0400
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0405
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0405
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0410
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0410
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0415
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0415
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0415

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

REFERENCES 279

Champney WS, Pelt J. The ketolide antibiotic ABT-773 is a specific inhibitor of translation and 50S ribosomal
subunit formation in Streptococcus pneumoniae cells. Curr Microbiol 2002;45(3):155-60.

Brueggemann AB, Doern GV, Huynh HK, Wingert EM, Rhomberg PR. In vitro activity of ABT-773, a
new ketolide, against recent clinical isolates of Streptococcus pneumoniae, Haemophilus influenzae, and
Moraxella catarrhalis. Antimicrob Agents Chemother 2000;44(2):447-9.

Dubois J, St -Pierre C. In vitro activity of ABT-773 versus macrolides and quinolones against resistant
respiratory tract pathogens. Diagn Microbiol Infect Dis 2001;40(1-2):35-40.

Oldach D, Clark K, Schranz J, Das A, Craft JC, Scott D, et al. Randomized, double-blind, multicentre phase
2 study comparing the efficacy and safety of oral solithromycin (CEM-101) to those of oral levofloxacin
in the treatment of patients with community-acquired bacterial pneumonia. Antimicrob Agents Chemother
2013;57(6):2526-34.

van Rensburg DJ, Perng RP, Mitha IH, Bester AJ, Kasumba J, Wu RG, et al. Efficacy and safety of
nemonoxacin versus levofloxacin for community-acquired pneumonia. Antimicrob Agents Chemother
2010:;54(10):4098-106.

Qin X, Huang H. Review of nemonoxacin with special focus on clinical development. Drug Des Dev Ther
2014:8:765-74.

Han H, Kim SE, Shin KH, Lim C, Lim KS, Yu KS, et al. Comparison of pharmacokinetics between new
quinolone antibiotics: the zabofloxacin hydrochloride capsule and the zabofloxacin aspartate tablet. Curr
Med Res Opin 2013;29(10):1349-55.

Biedenbach DJ, Farrell DJ, Flamm RK, Liverman LC, McIntyre G, Jones RN. Activity of JNJ-Q2, a new
fluoroquinolone, tested against contemporary pathogens isolated from patients with community-acquired
bacterial pneumonia. Int J Antimicrob Agents. 2012;39(4):321-5.

Viasus D, Garcia-Vidal C, Carratala J. Advances in antibiotic therapy for community-acquired pneumonia.
Curr Opin Pulm Med 2013;19(3):209-15.

Sader HS, Paukner S, Ivezic-Schoenfeld Z, Biedenbach DJ, Schmitz FJ, Jones RN. Antimicrobial activity
of the novel pleuromutilin antibiotic BC-3781 against organisms responsible for community-acquired
respiratory tract infections (CARTISs). J Antimicrob Chemother 2012;67(5):1170-5.

Habich D, von Nussbaum F. Platensimycin, a new antibiotic and ‘“superbug challenger” from nature.
ChemMedChem Sep 2006;1(9):951-4.

Tarkkanen AM, Heinonen T, Jogi R, Mentula S, van der Rest ME, Donskey CJ, et al. P1A recombinant
beta-lactamase prevents emergence of antimicrobial resistance in gut microflora of healthy subjects during
intravenous administration of ampicillin. Antimicrob Agents Chemother 2009;53(6):2455-62.
Muller-Redetzky H, Lienau J, Suttorp N, Witzenrath M. Therapeutic strategies in pneumonia: going beyond
antibiotics. Eur Respir Rev 2015;24(137):516-24.


http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0420
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0420
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0425
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0425
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0425
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0430
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0430
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0435
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0435
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0435
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0435
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0440
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0440
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0440
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0445
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0445
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0450
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0450
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0450
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0455
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0455
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0455
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0460
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0460
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0465
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0465
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0465
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0470
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0470
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0475
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0475
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0475
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0480
http://refhub.elsevier.com/B978-0-12-804543-5.00017-8/ref0480

	Chapter 17 - Current therapeutics and prophylactic approaches to treat pneumonia

	1 - Introduction
	1.1 - Microbiology and pathogenesis of streptococcus pneumoniae—the major cause of pneumonia
	1.2 - Biology of pneumococcal pneumonia

	2 - Childhood pneumonia
	3 - Adult pneumonia and community-acquired pneumonia
	4 - Vaccination
	4.1 - HIB vaccine
	4.2 - Pneumococcal vaccines

	5 - Current antiinfective treatments against bacterial pathogens
	5.1 - Current antiinfective antimicrobials

	6 - Current antiinfective treatments against viral pathogens
	7 - Antibiotic resistance and its impact
	8 - Advances in antibiotic treatment for pneumonia
	9 - Newer targets for the next generation antimicrobials for combating drug resistance
	9.1 - Targeting bacterial proteins
	9.2 - Combining β-lactamase enzyme with β-lactam antibacterial drugs
	9.3 - Immunomodulatory strategies

	10 - Conclusions and future perspectives
	References


