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ABSTRACT: Streptococcus pneumoniae is the most common cause of community acquired pneumonia, acute

otitis media, meningitis and other infections, asymptomatic colonizing nasopharynx of healthy children and adults.
Since late 1970s there has been a steady decline in the susceptibility of Streptococcus pneumoniae to various groups
of antibiotics. The number of antibiotic-resistant pneumococcal infections has decreased due to the success of the
pneumococcal conjugate vaccine. In addition to vaccination, guidelines for treatment of pneumococcal disease are de-
veloped by various professional and scientific associations, intending to slow or reverse drug-resistant pneumococcal
infections. The aim of this work is to provide a generated information about therapeutic options for the treatment of
community-acquired pneumonia caused by Streptococcus pneumoniae, based on the recommendations and statements
from various guidelines developed by different proffesional and scientific associations but limited on drugs available
on the market in Bosnia and Herzegovina.
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INTRODUCTION

In 1881, the microorganism, later known as prneumococcus due to its role in causing pneumonia,
was first isolated simultaneously and independently by the American army physician George Sternberg and
the French chemist Louis Pasteur.But, for the first time pneumococcus was described by German patholo-
gist Edwin Klebs, who in 1875 observed the pneumonia bacterium under a microscopefrom the pleural
fluid of patients with pneumonia (Tukbekova et al, 2019). That is what we now believe to be Streptococcus
pneumoniae.

Streptococcus pneumoniae is a gram-positive, alpha-hemolytic, encapsulated bacteria that grows in
chains or pairs (diplococci), with more than 100 known serotypes.It colonizes the nasopharynx of 5-10%
healthy adults and 20-40% of healthy children on any single occasion (Fauci et al, 2009). The spread of,
often asymptomatic colonized, bacteria from the nasopharynx causesotitis media and sinusitis,aspiration
pneumonia andinvasion in normally sterile areas in the body can cause sepsis or meningitis.Other possible
infections are endocarditis, septic arthritis, and, rarely, peritonitis.

Pneumonia is considered the most common clinical manifestation of pneumococcal disease in
adults. Streptococcus pneumoniae(pneumococcus) historically hasbeen and still remains the most common
cause of pneumonia. It is the most commonly identified bacterial cause of Community - acquired Pneu-
monia (CAP) requiring hospitalization andis the most common cause of death from pneumonia worldwide
(Centers for Disease Control and Prevention - CDC, 2022).

PREVALENCE

Previously, in the United States, 5 to 15% of CAP cases were attributed to pneumococcus. However,
recent quantitative molecular and bacteriological data indicate that this is an underestimate and suggest
that nearly 22% of hospitalized cases may be caused by pneumococcusas well as in Europe (Musher et al.,
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2020; Bjarnason et al., 2018), andeven more, to 30.5% in developing countries (Para et al., 2018).Morbid-
ity and mortality from serious pneumococcal disease is highest in children and elderly people with chronic
diseases.

Case fatality rates can be high for invasive pneumococcal disease, ranging up to 20% for sepsis and
50% for meningitis in developing countries (Worl Health Organization - WHO, 2018).Mortality associated
with pneumococcal pneumonia in hospitalized patients is high, ranging from18% for adults aged < 65 years
and 23% for the older than 65 years (Michelin et al, 2019).In 2008, an estimated 541,000 HIV-negative
children under the age of 5 died from pneumococcal disease (WHO, 2018).

Therapeutic options in the treatment of pneumococcal disease are limited. Streptococcus pneumo-
niae was universally susceptible to penicillin until the late 1970s (O’Neill, Gillespie, and Whiting, 1999).
Since then, there has been a steady decline in the susceptibility of Streptococcus pneumoniae to antibiotics.
The bacteria has developed resistance to several antibiotics, including B-lactams, macrolides, tetracyclines,
trimethoprim-sulfamethoxazole, vancomycin, and fluoroquinolones (Murphy et al., 2021).

According to the American CDC - Centers for Disease Control and Prevention, pneumococcal
bacteria are resistant to one or more antibiotics in 3 out of every 10 cases.The number of antibiotic-resistant
pneumococcal infections has decreased due to the success of the pneumococcal conjugate vaccine.

The use of the pneumococcal vaccines contributed to the reduction of resistance at least through
the direct reduction of organisms and strains carrying resistance genes that are specifically targeted by the
vaccine, andthrough a secondary effect thanks to the reduction of febrile illnesses that often lead to the use
of antibiotics.Besides the vaccination, appropriate antibiotic use can also slow or reverse drug-resistant
pneumococcal infections (CDC, 2022).There are different methods of antibiotic administration within the
framework of rational (reasonable) administration.To understand the relationship between drug dose and
efficacy, pharmacokinetic (PK) and pharmacodynamic (PD) characteristics must be integrated (Jacobs,
2001).There are two main patterns of antimicrobial activity to distinguish:

a) concentration - dependent bactericidal activity which needs maximised antimicrobial concentra-
tion (aminoglycozides, quinolones and azalides)

b) time - dependent bactericidal activity which is characteristic of many classes of antibiotics, such
as B-lactams and macrolides. By this way, an attempt is made to optimize the duration of exposure of the
pathogen to the antimicrobial drug.

When Streptococcus pneumoniae is in question, time - dependent bactericidal activity is of the
greatest interes and the main PK/PD parameter that correlates with the efficacy of time-dependent anti-
microbials is the serum concentration present for 40-50% of the dosing interval. This concentration is the
sensitivity limit or cut-off point for the dosing regimen used. The best two examples are given by Jacobs in
his work from 2001 where he states the use of two different doses of amoxicillin, administered by different
dosing shedule.

Example 1.

The serum concentration of amoxicillin when 500 mg of this drug is administered orally at 8-hour
intervals over a 24-hour period indicates that amoxicillin has an elimination half-life of 30-45 minutes.
With this dosing regimen, amoxicillin reaches a concentration of 2 mg/L in 3.3 h of each 8-hour dosing
interval (or 9.9 h in a 24-hour day), which is 41% of the dosing interval. Therefore, this regimen achieves
an amoxicillin concentration of 2 mg/L for more than 40% of the dosing interval, and should therefore be
active against organisms with an MIC <2 mg/L (minimal inhibitory concentration).
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Example 2.

If 875 mg is given at 12-hour intervals, the amoxicillin concentration exceeds 2 mg/L during 4.5 h
of each dosing interval (9 h in a 24-hour day). Therefore, this regimen achieves an amoxicillin concentra-
tion exceeding 2 mg/L for approximately 40% of the dosing interval.

Thus, both dosing regimens achieve serum concentrations above 2 mg/L for about 40% of the dos-
ing interval.

MECHANISM OF RESISTANCE

The mechanism of pneumococcal resistance to penicillin and cephalosporins is based on a change
in the penicillin-binding protein (PBP). Mutations that alter PBP result in reduced binding affinity for these
drugs, making them less effective. This type of resistance can be overcome if the concentration of the antibi-
otic at the site of infection exceeds the MIC of the organism by 40-50% of the dosing interval(Iyer, 2023). It
is important to emphasise the two main virulence factors of Streptococcus pneumoniae that are polysaccha-
ride capsule that surrounds the bacteria, and the toxin pneumolysin which is released during Streptococcus
pneumoniae autolysis (Martner, Dahlgre, Paton & Wold, 2008).

Capsule is mainly composed of polysaccharides, with each capsule type having a different composi-
tion and linkage of sugars and other components, resulting in more than 100 different serotypes on the basis
of antibody reactions with the capsule. For the pneumolysin it has been shown that it can stimulate the in-
nate immune response including release of the inflammatory cytokine from the host’s airway epithelial cells
(Kiing et al, 2014). In short, capsule inhibits antibody binding, directly inhibits phagocytosis, and prevents
capture by neutrophiles, while pneumolysin inhibits neutrophil and oxidative burst, induces neutrophil lysis
and inhibits neutrphil chemotaxis. So, these are numerous challenges for antibiotics to be effective against
this bacteria, making these two virulence factors main therapeutic targets.

MECHANISMS OF ACTION OF ANTIBIOTICS

Based on their mechanism of action, antibiotics can be classified in four major groups (Li F., Collins
J.G. and Keene F.R., 2015).
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Figure 1. Classification of antibiotics by mechanism of action. (Image by Kendrick Johnson: Creative Commons Attribution-
Share Alike 3.0 Unported license) in Li et al, 2015.

1. Inhibitors of cell wall synthesis (e.g. penicillins, cephalosporins, carbapenems, monobactams,
glycopeptides)
2. Antibiotics that disrupt cell membrane (e.g. polymyxins)
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3. Inhibitors of nucleic acid synthesis (e.g. quinolones, rifampicin)
4. Inhibitors of protein synthesis (e.g. tetracyclines, aminoglycosides, macrolides)

According to their mechanism of action antibiotics are classified based on the effects that they pro-
duce in two major groups:

a) bactericidal (killing the bacteria)

b) bacteriostatic (stopping bacterial growth)

Bactericidal antibiotics are those from group 1., 2. and 3. while bacteriostatic antibiotics are mainly
from group 4. as well as inhibitors of folate synthesis. But, some bacteriostatis antibiotics can also act as a
bactericidal, depending on their concentration(Fohner A.E., Sparreboom A., Altman R.B. and Klein T.E.,
2017). Example is macrolide antibiotic erythromycin, which in low concentrations is classified as bacterio-
static but in high concentrations is classsified as a bactericidal.

Note:The above is of high importance for understanding the therapeutic options for pneumococ-
cal disease, especially regarding dose levels and dosing regimens used.

THERAPEUTIC OPTIONS FOR THE TREATMENT OF COMMUNITY - ACQUIRED PNEUMONIA

Various professional associations and various guidelines agree on therapeutic options for treatment
of pneumococcal disease. Our intention is to present the main recommendations from different guidelines
developed by respected scientists and professionals, available online in extenso, that can be used in Bosnia
and Herzegovina, taking into account the drugs that are present on our market. Other drugs will not be in-
cluded in this work.

In every guideline for the treatment of pneumococcal disease is stated that initial antibiotic therapy
is empiric. This empiric therapy varies depending on:disease severity, comorbidities, patient’s history of
recent antibiotic use, probability of infection with antibiotic-resistant pathogens, simultaneous infection
with Pseudomonas or Methicillin-resistant Staphylococcus aureus (MRSA), allergies or drug intolerance.

PNEUMONIA (COMUNITY - ACQUIRED PNEUMONIA — CAP)

The main recommendations for treatment of Community Acquired Pneumonia (CAP) are summa-

rized from following guidelines:

* “Diagnosis and Treatment of Adults with Community-acquired Pneumonia. An Official Clini-
cal Practice Guideline of the American Thoracic Society and Infectious Diseases Society of
America” (Metlay etal, 2019)

* “ERS/ESICM/ESCMID/ALAT guidelines for the management of severe community-acquired
pneumonia’- first international guidelines (Martin-Loeches et al, 2023)

* “Pneumonia (community-acquired): antimicrobial prescribing“(NICE guideline, 2019)

» “Updated Clinical Practice Guidelines for Community-Acquired Pneumonia“(Sucher, Knutsen,
Falor & Mabhin, 2020)

Considering empiric therapy for CAP, it has to be emphasized that there are different stages of dis-
ease severity as well as different patient populations regarding comorbidities, so the way of administration
and the dose levels are different for different groups of patients, as follows:

1. Outpatients without comorbidities,

2. Outpatients with comorbidities

3. Hospitalized patients who are not in intensive care unit (ICU)
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4. Hospitalized patients in the intensive care unit (ICU)
5. Patients allergic to penicillin

1. Outpatients without comorbidities are those with no comorbidities/previously healthy, age
< 65 years, no recent use of antibiotics, no risk factors for MRSA or Pseudomonas aeruginosa.
The drug of first choice is amoxicillin 1 g peroral (PO) q8h (every 8 hours, three times a day),
OR, depending on patient’s characteristics (allergies, intolerance) azithromycin 500 mg PO one
dose, then 250 mg PO daily orclarithromycin 500 mg PO q12h (twice daily) OR clarithromycin
extended release 1000 mg PO daily OR doxycycline 100 mg PO q12h.

2. Outpatients with comorbidities(e.g. alcoholism, chronic heart/liver/kidney disease, malignan-
cy, asplenia, diabetes mellitus) and who have used antibiotics in the last 3 months. Preferred:3-
lactam combination (amoxicillin-clavulanate 500 mg/125 mg PO q8hOR amoxicillin-clavu-
lanate 875 mg/125 mg PO ql2h PLUSmacrolides (azithromycin or clarithromycin) OR doxy-
cycline (100 mg PO ql2h). Alternatively:If there are no contraindications to the use of ceph-
alosporins: cefpodoxime 200 mg PO ql12hOR cefuroxime 500 mg PO q12hPLUS macrolide
(azithromycin or clarithromycin) OR doxycycline (100 mg PO q12h).

If there are contraindications for B-lactam use: levofloxacin 750 mg PO q.d. (once daily) or moxi-
floxacin 400 mg PO q.d.

1. Hospitalized patients who are not in intensive careunit (ICU)

Therapy should be started as soon as CAP is suspected as a diagnosis, ideally within 4 hours of
the patient’s presentation.Factors determining the antibiotic regimen depend on the likelihood that MRSA
or Pseudomonas is present. Risk factors for MRSA or Pseudomonas infection are:known colonization or
previous infection with these organisms, especially from a respiratory tract specimen, andrecent hospitali-
zation in the last 3 months, with intravenous (IV) antibiotics.

a) No suspicion on MRSA or Pseudomonas

Beta-lactam combination (ampicillin-sulbactam 1.5-3 g IV (intravenous) q6h (every 6 hours)
OR ceftriaxone 1-2 g IV g24h OR cefotaxime 1-2g IV q8hPLUSazithromycin 500 mg IV/PO q24h OR
doxycycline 100 mg PO q12h.

If there are contraindications for the above then levofloxacin 750 mg IV or PO q24h OR moxifloxa-
cin 400 mg IV or PO q24h

Many observational studies indicate that macrolide regimens are associated with better clinical out-
comes for patients with severe forms of CAP, possibly due to their immunomodulatory effects.

b) With known colonization or prior infection with Pseudomonas, recent hospitalization with IV
antibiotics, or other strong suspicion of Pseudomonas infection

Combination therapy, antipseudomonal B-lactam (piperacillin/tazobactam 4.5 g IV q6h OR
cefepime 2g IV q8h OR ceftazidime 2g IV q8h OR meropenem 1 g IV q8h OR imipenem 500 mg IV q6h-
PLUSoneantipseudomonal fluoroquinolone (ciprofloxacin 400 mg IV q8h OR levofloxacin 750 mg IV
q24h).

¢) With known colonization or previous infection with Methicillin-resistant Staphylococcus aureus
(MRSA) or another strong suspicion of MRS A infectionInitially add vancomycin 15 to 20 mg/kg/dose IV
q8h to q12h and adjust to therapeutic monitoring (TDM) OR linezolid 600 mg IV q12h.

If there are contraindications for macrolides and fluoroquinolones
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Beta-lactam combination (ampicillin-sulbactam 1.5-3 g IV q6 h or ceftriaxone 1-2 gIV q24 h OR
cefotaxime 1-2 g IV q8h) PLUSdoxycycline 100 mg q12h.

4. Hospitalized patients in the intensive care unit (ICU)

a) No comorbidities/previously healthy; age < 65 years; no recent use of antibiotics; no risk factors
for MRSA or Pseudomonas aeruginosa

Beta-lactam combination (ampicillin-sulbactam 1.5-3 g IV q6h OR ceftriaxone 1-2 g IV q24h
OR cefotaxime 1-2 g OR ertapenem 1 g IV q24h PLUS azithromycin 500 mg IV OR levofloxacin 750 mg
IV or PO g24h OR moxifloxacin 400 mg IV or PO q24h.

b) Present comorbidities (eg alcoholism, chronic heart/liver/kidney disease, malignancy, as-
plenia, diabetes mellitus) and who have received antibiotics in the last 3 months with suspectedPse
udomonas:Combination of antipseudomonal/antipneumococcal B-lactam and antipseudomonal
fluoroquinolone:piperacillin-tazobactam (4.5 g IV q6h) OR imipenem (500 mg IV q6h) OR meropenem
(1 g IV g8h) OR cefepime (2 g IV q8h) OR ceftazidime (2 g q8h; activity against pneumococci is more
limited than the above agents)PLUSciprofloxacin (400 mg IV q8h) OR levofloxacin (750 mg IV/PO q24h)
The dose of levofloxacin is the same when given intravenously and orally, while the dose of ciprofloxacin
is 750 mg orally q12h.

¢) Present comorbidities (eg alcoholism, chronic heart/liver/kidney disease, malignancy,

asplenia, diabetes mellitus) and who have received antibiotics in the last 3 months with suspected
MRSA:Initially add vancomycin 15 to 20 mg/kg/dose IV q8h to q12hand adjust to therapeutic monitoring
(TDM) OR linezolid 600 mg IV q12h.

Clindamycin 600 mg IV or PO q12his not empiric but directed therapy.

5. Patients allergic to penicillin

Approximately 10% of patients who received antibiotic therapy, report being allergic to penicillin,
however, up to 90% of these patients do not have an actual allergy. The incidence of an anaphylactic reac-
tion to penicillin is 0.02% to 0.04% and is mediated by a type 1 hypersensitivity reaction. The most com-
monly reported type of reactions are skin reactions.IgE antibodies decline over time so that,in patients who
previously have been tested positive for penicillin allergy, in repeated tests an annual 10% reduction can
be expected. Therefore, unless they receive penicillin, 80% to 100% of these patients will have a negative
penicillin test 10 years after the first positive one (Patterson and Stankewicz, 2023).

Cross-sensitivity with other penicillin preparations, especially cephalosporins, resulted in the avoid-
ance of its use.Earlier studies may have overestimated the cross-sensitivity between penicillins and cepha-
losporins, which was attributed to the B-lactam ring. This ring is present in the structure of both groups of
these antibiotics.Later research showed that in determining immune reactions, the main determinant is the
similarity between the R side chains of the first generation cephalosporins and penicillins, rather than their
B-lactam structure(Patterson and Stankewicz, 2023).

Penicillins have one R side chain, while cephalosporins have two. If the penicillin side chain is
similar to either of these two in cephalosporins, there is a higher risk of cross-sensitivity. This occurs more
often with first and second generation cephalosporins than with third or fourth generation, making them a
more attractive treatment choice for patients with proven penicillin allergy.

a) Outpatients with comorbidities

If there are no contraindications for the use of cephalosporins: cefpodoxime 200 mg PO q12hOR
cefuroxime 500 mg q12hPLUS macrolide (azithromycin OR clarithromycin) OR doxycycline (100 mg PO
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ql2h)

If there are contraindications for B-lactam use: levofloxacin 750 mg PO q24h or moxifloxacin 400
mg PO q24h

b) Hospitalized patients with comorbidities

If there is no contraindication for the use of cephalosporins: cefpodoxime 200 mg PO q12hOR
cefuroxime 500 mg q12h PLUS macrolide (azithromycin OR clarithromycin) OR doxycycline (100 mg PO
ql2h)

b) If there are contraindications for B-lactam use: levofloxacin 750 mg PO q24h OR moxifloxacin
400 mg PO q24h.

Note: Alternative antibiotics such as doxycycline (tetracycline), clarithromycin (macrolide) and
erythromycin as an alternative macrolide in pregnancy, should be used only when there is a clinical
reason not to use amoxicillin in patients with mild and moderate CAP.

These antibiotics have good activity against Streptococcus pneumoniae; however, because of their
broader spectrum of activity and because some of them have additional safety warnings, the above notice
should be kept in mind.

The committee of the first international guideline for the management of severe CAP (ERS/ESICM/
ESCMID/ALAT , 2023)noted that there are no reasonable alternatives to dual therapy in adults who cannot
receive penicillin, for example, because of penicillin allergy. The committee discussed the evidence that
monotherapy with a fluoroquinolone (levofloxacin or moxifloxacin) was as effective as dual therapy with
a B-lactam and a macrolide for people with moderate to severe CAP. However, they noted safety concerns
with fluoroquinolones, such as tendon damage and aortic aneurysms. The Committee noted that the license
was limited to CAP and agreed that fluroquinolones should only be used when other drugs cannot be
prescribed or have been ineffective. As a recommendation N°3 they also recommend the addition of mac-
rolides, not fluoroquinolones, to beta-lactams as empiric antibiotic therapy in hospitalized patients with
CAP (Martin-Loeches et al, 2023).

NEW ANTIMICROBIAL DRUGS FOR CAP

Tigecycline - glycylcycline class

Tigecycline is effective against multi-resistant strains of streptococcus, vancomycin-resistant en-
terococcus (VRE), staphylococcus and methicillin-resistant staphylococcus (MRS), bacteroides, and en-
terobacteria. 1t 1s also effective against Acinetobacter, which today is the cause of severe intrahospital
infections. However, tigecycline does not work against Pseudomonas. Tigecycline is not the only new drug
for CAP but, from this group of antibiotics, is the only one which is on market in Bosnia and Herzegovina.

America Food and Drug Administration - FDA, approved tigecycline in 2009 for adults with CAP
caused by Streptococcus pneumoniae (penicillin-susceptible isolates), including cases with concurrent bac-
teriemia. Data from various sources, including PubMed, the European Medicines Agency (EMEA) and the
FDA, were evaluated. Tigecycline was found to be non-inferior to levofloxacin in the treatment of patients
with bacterial CAP requiring hospitalization.Although tigecycline is indicated for CAP, data from clini-
cal trials indicate a high incidence of adverse effects, especially gastrointestinal, which may limit its use
(Ayoade, 2022).

Dosage (adults): Tigecycline 100 mg IV loading dose, then 50 mg IV q12h for 7-14 days
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CORTICOSTEROIDS

The aim of this work is to provide a generated information about antibiotic treatment forCAP, but a
short review on corticosteroid use is needed. As use of corticosteroids in patients with severe CAP is lim-
ited by their influence on patient’s immune system and implies other adverse effects (e.g. hypeglycemia,
secondary infections and other), with high doses administered for at least 7 days, and with limited data sug-
gesting benefit in patients with severe CAP, the updated guidelines recommend the following:

» There are no indications for the routine use of corticosteroids in adults with mild and moderate

CAP
» There are no indications for the routine use of corticosteroids in adults with severe CAP
* May be considered in patients with refractory septic shock.

TRANSITION FROM INTRAVENOUS TO ORAL ADMINISTRATION

OF ANTIBIOTICS

Patients who initially received parenteral antibiotics can switch to oral administration if:

» are hemodynamically stable;

* are in clinical improvement;

+ if they are able to swallow;

» if they have no problems with gastrointestinal tract;

* there is an oral form of antibiotic that they received parenterally or an oral antibiotic from the
same group of antibiotics.

DURATION OF ANTIBIOTIC THERAPY

Before the decision to discontinue the further administration of antibiotics in patients suffering
from CAP, it is necessary that the patient is afebrile for 48-72 hours, that there is no more signs of clinical
instability for CAP: normalheart and respiratory rate, blood pressure, O,% saturation, body temperature,
appetite, mental status. Besides clinical signs, the laboratory findings, especially white blood cell count and
C-reactive protein level are of great importance.

Proclacitonin values are useful only in severe cases in order to decide on shortening the duration of
antibiotic therapy.

The minimum duration of therapy is 5 days, while, in relation to the degree of severity of the disease
and comorbidities, this minimum period can be extended to 14 days. Patients with documented MRSA or
Pseudomonas aeruginosa should receive therapy for at least 7 days. Pneumonia complicated by meningitis,
endocarditis, or other deep-seated infection will require a longer duration of therapy.

CONCLUSION

Streptococcus pneumoniae(pneumococcus) still remains the most common cause of community-
acquired pneumonia. Since late 1970s there has been a steady decline in the susceptibility of bacteria to
various groups of antibiotics and this problem is recognized by professionals and scientist worldwide.
Pneumococcal polyvalent vaccine was a great progress but it is used to prevent infection by pneumococcus.
Once the patient is infected, antibiotics still remain the main option for the treatment of pneumonia. Vari-
ous proffesional and scientific associations developed and updated guidelines for the management of adults
with CAP, and in every of those guidelines the antibiotic of first choice is B-lactam antibiotic amoxicillin.
Also available are combinations of B-lactam antibiotic ampicillin or piperacilin with B-lactamase inhibitors.
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Second and third generation cephalosporins are stated as a second line antibiotics,with macrolides, fluoro-
quinolones, glycopeptide vancomycin for different groups of patients depending on their drug allergy, intol-
erance, possible or present infection with Pseudomonas or MRSA. Different antibiotic dose levels, different
dosing shedules and different routs of administration are recommended for outpatients and for hospitalized
ones. Bosnia and Herzegovina does not have a national treatment guideline for CAP caused by Streptococ-
cus pneumoniae, and until one is developed, the recommendations from other guidelines can be used.
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