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1. B A C T E R I O L O G Y

S tre p to c o c c u s  p n e u m o n ia e  is classified in  the Phylum  Firm icutes, Class 

dip lococci, Order Lactobacillales, Fam ily Streptococcaceae, Genus Streptococcus, 

species ร. p n e u m o n ia e . I t  is gram-positive diplococci, often lancet-shaped. The cells 

are 0.5 to 1.2 pm  in  diameter. (54). Colonies o f  ร. p n e u m o n ia e  g row ing on blood agar 

are surrounded by a greenish-yellow zone o f  alpha (a) hemolysis because 

pneumococci produce pneumolysin that it can breakdown haemoglobin on blood agar. 

Colonies o f  pnuemococci are dome-shaped in it ia lly  but collapse centrally ow ing to 

autolysis after the culture ages 24 hours to 48 hours. ร. p n e u m o n ia e  can be 

differentiated from  other alpha-hemolytic S tre p to c o cc u s  species by its b ile so lub ility  

and its susceptib ility to optochin (55, 56).
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2. A N T I G E N I C  S T R U C T U R E

C a p s u le

Capsule is the m ajor determinant o f  virulence. ร. p n e u m o n ia e  survives 

phagocytosis because o f  the antiphagocytic protection by its capsule (57). The capsular 

polysaccharride are soluble and have been called specific soluble substances (SSS). 

Free polysaccharide can protect viable organisms from phagocytosis by binding w ith  

opsonic antibodies. (58). The recognition o f  more than 90 distinct serotypes o f  capsule 

forms the basis o f  a pneumococcal serotype classification system and have been 

identified using a technique called the Quellung test or capsular swelling reaction (59, 

60).

C e ll  w a l l

The ce ll w a ll o f  ร. p n e u m o n ia e  attached to alternating subunits o f  N -  
acetylglucosamine and TV-acetylmuramic acid are oligopeptide chains. The major 

component o f  the ce ll w a ll rich  in  choline is teichoic acid. The exposed teichoic acid is 

linked to the peptidoglycan layer and extends through the overly ing  capsule. This 

species-specific structure called the c  polysaccharide that can be precipitated by a 

protein found in  serum and produced during in flam m atory diseases (60, 61). The 

serum protein is called C-reactive protein (CRP) which it  is not an antibody. This is a 

useful diagnostic test fo r in flam m atory disease. A ll humans have antibodies to cell 

w a ll antigens (62). These antibodies attach to cell w a ll and bind to the complement. 

This complex can activate the classic complement pathway. W inkelste in e t a l.(63) and 

Hum m ell e t a l .(64) found that c  polysaccharide d irectly  activated the alternate 

complement pathway. The C5a, in te rleuk in -1 and tum or necrosis factor (TN F) were 

released, causing fever and other manifestations o f  sepsis (65).
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P n e u m o ly s in

Pneumolysin is a cytoplasmic toxin  s im ilar to the streptolysin o  in  ร. p yo g en es . 
Pneumolysin is a 52.8-KD a polypeptide consisting o f  470 amino acids and Owen RH. 

e t a l. (66) found that C-terminus o f  pneumolysin bound to cholesterol in  the host cell 

membrane and created pores. This resulted in  the leakage o f  in tracellu lar solutes and 

an in flu x  o f  water, leading to osmotic lysis o f  the cell. Pneumolysin is able to damage 

a wide range o f  eukaryotic cells. This activ ity can destroy the c iliated epithelial cells 

and phagocytotic cells (67). Houldsworth ร. e t  a l. (68) found that pneumolysin 

activates the classic complement pathway, resulting in  the production o f  C3a and C5a. 

In turn, cytokines such as IL-1 and TN F-a were produced by the activated human 

leukocytes, leading to the further m igration o f  in flam m atory cells to the site o f 

infection, fever and tissue damage.

A u to ly s in

A n autolytic enzyme, (an N-acetylmuramic acid L-alanine amidase, is 

presented in the cell w a ll and bind to a choline-containing teichoic acid attached to the 

peptidoglycan (69). The choline is unique to the cell w a ll o f  ร. p e n u m o n ia e  and plays 

an important regulatory role in  cell w a ll hydrolysis. Choline must be present for 

activ ity  o f  the pneumococcal autolysin, during cell d iv is ion. This enzyme is 

responsible fo r ce llu lar autolysis that occurs at the end o f  log phase in  pneumococci 

and fo r lysis o f  the cell w a ll in  response to treatment. Its role in  ce ll-w a ll turnover 

means that autolysin ac tiv ity  generates ce ll-w all breakdown products that are h igh ly  

inflammatory. The cell-wall-degrading activ ity  o f  autolysin also allows the release o f 

intracellular toxins (e.g. pneumolysin) into the external m edium .O lder cells undergo 

spontaneous autolysin, producing colonies w ith  dim pled center (70).
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H y a lu ro n id a s e

Hyaluronidase could facilitate pneumococcal invasion by degrading connective 

tissue. Pneumococcal strains with higher hyaluronidase activity breach the blood-brain 

barrier and disseminate more effectively (71). Volkova MO. e t a l.{12) showed that 

pneumococcal strains isolated from patients with meningitis and meningoencephalitis 

had significantly higher hyaluronidase activity than strains causing otitis media, 

indicating the importance o f hyaluronidase in the pathogenesis o f human 

pneumococcal meningitis.

3. P A T H O G E N IC IT Y  O F  S T R E P T O C O C C U S  P N E U M O N I A E

Figure 1 Predisposition to and the development of pneumococcal pneumonia 
(Lansing M. Prescott et al., 2002).

In the normal condition, ร. pneum oniae  was found in the respiratory tract. 

Healthy people commonly inhale microorganisms into the respiratory tract without 

serious consequences because o f the host defenses are present there (Figure 1). 

However, disease usually occurs only in those individuals with predisposing factors 

such as viral infections o f the respiratory tract, physical injury to the tract, alcoholism, 

or diabetes (60, 70). The mucosal epithelium o f the nasopharynx is the primary site o f
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colonization. The in it ia l colonization o f  the nasopharynx is mediated by the b inding o f  

the bacterial to epithelia cells by means o f  surface protein adhesions. Pneumonia is 

like ly  to occur when mucous containing a load o f  bacterial cells is aspirated from the 

nasopharynx in to the lungs o f  susceptible individuals who have lost the ir defenses. The 

bacteria passing in to the bronchioles and alveoli, the pneumococci m u ltip ly  and 

produce the tox in  pneum olysin that destroys ciliated epitheliun host cells, induce an 

overwhelm ing in flam m atory response. The alveoli f i l l  w ith  blood cells and flu id  and 

become inflamed. This is marked by the release o f  a torrent o f  edematous flu ids into 

the lungs. In  a form  o f  pneumococcal pneumonia termed lobar pneumonia, this flu id  

accumulates in  the a lveoli along w ith  red and white blood cells. The sputum is often 

rust colored because o f  b lood coughed up from  the lungs (60, 73).

Furthermore, ร. p n e u m o n ia e  can spread to the meninges and cause meningitis. 

It is even more common fo r this agent to gain access to the chamber o f  the m iddle ear 

by way o f  the eustachian tube and cause a m iddle ear in fection called o titis  media. This 

occurs readily in  ch ildren under 2 years because o f  their re la tive ly  short eustachian 

tubes. It can also be transported in  the blood stream to distal sites such as the brain (73- 

75).

4. D IS E A S E S

P n e u m o c o c c a l p n e u m o n ia

N orm ally , 10-30% o f  healthy individuals carry one or more serologic types o f  

ร. p n e u m o n ia e  in  the throat. Pneumococcal pneumonia develops when encapsulated 

pneumococci, the v iru len t form , are inhaled into the alveoli o f  a susceptible host, 

m u ltip ly  rapidly, and cause an in flam m atory response. The bacteria are resistant to 

phagocytosis because the ir capsules interfere w ith  the action o f  C3b, the fraction o f  

complement responsible fo r opsonization. Serum and phagocytic cells pour in to  the air 

sacs o f  the lung, causing d if f ic u lty  breathing. This increase in  flu id  produces abnormal 

shadows on chest X -ray  film s  o f  patients w ith  pneumonia. Sputum contains pus, blood, 

and many pneumococci (76).
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A bout 60-80% o f  a ll respiratory disease known as pneumonia are caused by 

ร. p n e u m o n ia e  (60). ร. p n e u m o n ia e  is a leading cause o f  pneumonia in  a ll ages 

(particu la rly  the young and old). I t  provokes intense in flam m ation  and exudates 

form ation. The b locking  o f  the bronchioles and a lveoli b y  consolidation o f  

in flam m atory cells and products is evident (77). The an estimated 150,000 to 300,000 

people in  the United States contract this form o f  pneumonia annually, and between

13.000 to 66,000 deaths result (78).

M e n in g i t is

ร. p n e u m o n ia e  can spread into the central nervous system after bacteremia, 

infections o f  the ear or sinuses. Proinflam m atory cytokines (TN F-a , IL -1 , IL -6 ) were 

released by  mononuclear cells w ith in  the central nervous system (CNS) such as 

ependymal cells, astrocytes and macrophages/microgia. These cytokines trigger a 

complex cascade o f  in flam m atory mediators, which in  concert regulate the various 

arms o f  the in flam m atory response (79). The cytokines released induce an opening o f  

the tigh t junctions between brain capillary endothelial cells associated w ith  enhanced 

p inocytotic activ ity, a llow ing  an in flu x  o f  serum components, notably chemotactic 

complement factors (80). The most important consequence o f  this inflam m atory 

reaction in  the CNS is increased intracranial pressure, w h ich  results from  cerebral 

oedema, increased cerebral blood volume and alterations o f  CSF hydrodynamics.This 

increased intracranial pressure, plays a significant role in  reducing cerebral blood flow, 

resulting in  ischaemic necrosis and neuronal loss from  energy fa ilu re  (81, 82). Several 

vasoconstrictive mediators such as endothelin and reactive oxygen intermediates (NO 

production) that is im portant mechanism by which brain damage occurs.

ร. p n e u m o n ia e  causes meningitis in a ll age groups and is the most common 

cause o f  bacterial m eningitis in  middle-aged and e lderly populations and in  patients 

w ith  dural defects. M en ing itis  accounts for about 10% o f  invasive pneumococcal 

infections. Its incidence in  developed countries is about 1.5 per 100,000, ris ing to 8 per

100.000 in  children below  the age o f  5 years (83). In  the United States, ร. p n e u m o n ia e  
is the most frequent cause o f  bacterial meningitis. Based on data from  a population- 

based, m ultistate active surveillance system, the estimated annual incidence o f
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pneumococcal m eningitis in  the United States is 1.1 cases per 100,000 population (or ~ 

3000 cases), w ith  an estimated case-fatality rate o f  21% (84).

O t i t is  m e d ia

O titis  media, an in flam m ation o f  the m iddle ear associated w ith  fever earache, 

and abnormalities o f  hearing, is most commonly caused by  the pneumococcus. The 

bacteria from  the nasopharynx enter the m iddle ear through the eustachian ณbe. 

Seventy percent o f  pneumococci isolated from  the m iddle-ear cav ity  o f  infants and 

children w ith  acute o titis  media were o f  one o f  the seven serotypes 1, 3, 6, 14, 18, 19, 

or 23 (85).

S in u s it is

ร. p n e u m o n ia e  is a common cause o f  acute infections o f  the paranasal sinuses. 

When in fection extends from  the nose into one o f  the sinuses and sets up an 

inflam m ation there. (86). Diseases that obstruct drainage can result in  a reduced 

ab ility  o f  the paranasal sinuses to function norm ally. The sinus ostia may become 

occluded, leading to mucosal congestion. The m ucocilia ry transport system becomes 

impaired, leading to more stagnation o f  secretion and epithelia l damage, fo llow ed by 

decreased oxygen tension and subsequent bacterial growth.

B r o n c h i t is

B ronchitis or tracheobronchitis may be a prim ary manifestation o f  infection or 

a result o f  spread from  upper respiratory tissues. I t  is characterized by  cough, variable 

fever, and sputum production, which is often clear at the onset but may become 

purulent as the illness persists (87). Chronic bronchitis is a result o f  long-standing 

damage to the bronchial epithelium. A  vicious cycle o f  recurrent in fection  may evolve, 

leading to further damage and increasing susceptib ility to pneumonia (88).
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5. T R A N S M IS S IO N

ร. p n e u m o n ia e  is an exclusively human pathogen and in  most case the source 

o f  human disease is endogenous present in  the respiratory tract. Person-to-person 

aerosol transmission occurs from  extensive, close contact. Daycare center attendance 

and crowed liv in g  conditions (persons, nursing homes and homeless shelters) are 

associated w ith  an increased transmission rate, but casual contact is usually not. The 

most common predisposing factors are v ira l infections o f  the respiratory tract, physical 

in ju ry  to the respiratory tract from  inhaling tox ic or irr ita ting  substances, including 

anesthetic gases, prolonged im m obilization  in  bed w h ich  m ay result in  accumulation o f  

flu ids in  the lungs, alcoholism , increasing age, diabetes, and imm unodeficiency 

diseases such as H odgk in ’ s diseases, sickle cell anemia and A ID S .

6 . E P I D E M I O L O G Y

Infections w ith  ร. p n e u m o n ia e  cause sign ificant m o rb id ity  and m ortality. 

Community-acquired pneumonia (CAP) s till remains one o f  the most important causes 

o f  death, especially in  o lder adults and those w ith  co-m orb id  diseases, despite 

advances in  modem medicine (89, 90). M ost infections are caused by endogenous 

spread from  the colonized nasopharynx to distal site (e.g., lungs, sinuses, ears, blood, 

meninges). In  the most severe forms o f  pneumonia, the a lveoli, or a ir sacs, in  the lungs 

may be destroyed o r f ille d  w ith  flu id  so that a person no longer can breathe (2). In the 

United States, pneumonia is the sixth leading cause o f  death, and the number one cause 

o f  death from  infectious disease (91). Because pneumonia is not a reportable illness, 

inform ation about its incidence is based on crude estimates, but it  appears that up to

5.6 m illio n  cases o f  com m unity-acquired pneumonia (C AP) occur annually, and as 

many as 1.1 m illio n  o f  these require hospita lization (92). In  the outpatient, the 

m orta lity  rate o f  pneumonia remains low , in  the range o f  <1-5%  but among patients 

w ith  CAP who require hospita lization, the m orta lity  rate averages 12% overall and 

approaches 40%  in  those who are most i l l  and who require admission to the intensive 

care un it (93-97). Bre im an RF. e t a l. (98) found that invasive penumcoccal infecton is 

re la tive ly common in  neonates and children below  the age o f  2 years (160 per



13

100.000) , the incidence fa llin g  sharply in  adolescent and young adult years (5 per
100.000) , to rise again in  populations over the age o f  65 years (70 per 100,000).

ร. p neu m o n ia e  also can m igrate from  the nasal passages in to  the ear region, 
where it  causes several m ill io n  cases o f  o titis  media o r m idd le  ear in fec tion  (99, 100), 
meningitis (101, 102), bacterem ia (103) and other in fectious processes. Pneumococcal 
pneumonia occurs in  a ll age groups (104), bu t i t  is more common in  people over 40 
years o f  age (105, 106). ร. pneum oniae  m en ing itis  affects m a in ly  young children, 
especially those who are 2 years o ld  o r younger (83, 104, 107). Asym ptom atic carriage  
o f  penumococci in  the throat o r nasopharynx is widespread, w ith  carriage rates being  
especially h igh in  ch ild ren .

In  Europe, com m unity-acqu ired pneumonia (C AP ) is a common condition  
affecting about 1/1,000 o f  the adult popu la tion per year. I t  occurs when bacteria enter 
the alveolar spaces o f  the lung in itia tin g  an in flam m ato ry  response w h ich  leads to the 
c lin ica l features o f  cough, sputum production, breathlessness and sometimes chest pain 
and haemoptysis. Studies in  Spain (108, 109), F in land (110) and England (111) have 
suggested frequencies o f  1.6, 2.6, 4.7 and 9 cases per 1000 o f  the general adult 
population per year. The frequency o f  the cond ition  is age-related w ith  the highest 
rates in the ve ry young and ve ry old. A  study from  F in land found rates o f  36 o f  1000 
in those aged <  5 yrs fa llin g  to 4.4 o f  1000 in  the 15-29 age group and ris ing  again to
34.2 o f  1000 in  those aged >74 yrs (110). O f  those in  the com m unity , between 8%  
(112) and 51% (108) are adm itted to hospita l and between 4%  and 15 % o f  such 
patients w i l l  die. Its frequency, m o rb id ity  and m o rta lity  are the reasons w hy CAP is 
such an im portant disease. A lm ira ll J. et al. studies to ep idem io logy o f  CAP fo r adults 
in Spain from  December 1993 to Novem ber 1995, found that pneumonia is 
substantially more com m on in  w in te r and affects more males (ท=140) than females 
(ท=110). It is commoner amongst o lder persons, the annual incidence o f  pneumonia  
that requires hosp ita liza tion  o f  those o lder than 64 years is 1.12-3.16 cases per 1,000, 
fo r those aged 40-64 years it  is 0.54 cases per 1,000 persons (109).

In  As ia  2008, AN SO R P  (As ian ne tw ork fo r surveillance o f  resistant pathogens) 
รณdy ep idem io logy o f  C AP  in  adult patients in  As ian  countries. B y  performed a 
prospective observational study o f  955 cases o f  adult CAP in  14 hospitals in  eight
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Asian countries (South Korea, China, Taiwan, Singapore, V ie t nam, Philippines, Hong  
Kong and Ind ia). The ove ra ll m o rta lity  rate in 777 patients was 7.3%, and nursing  
home residence, mechanical ventila tion, malignancy, cardiovascular diseases, 
respiratory rate >  30 /m in  and hyponatraemia were s ign ificant independent risk factors 
fo r m o rta lity  b y  m u ltiva ria te  analysis (P  < 0.05). Streptococcus pneum oniae (29.2% ) 
was the most common isolate, fo llowed by K lebsiella pneum oniae  (15.4%), 
H aem ophilus influenzae (15.1% ) M ycoplasm a pneum oniae  (11.0% ) and Chlam yophila  
pneum oniae  (13.4% ). O n ly  1.1% was positive fo r Legionella pneum ophila  (113).

In  Thailand 1999, low e r respiratory tract infections accounted fo r 9,500-
150,000 cases each year and resulted in 800-1,500 deaths. The incidence o f  pneumonia  
was highest among ch ild ren  be low  five  years o f  age. M o rta lity  rate o f  pneumonia was 
30.5% among a ll hosp ita lized patients and 42.7% in those over 60 years o f  age (114).

In  no rthern Canada from  1999-2005, The crude annual inc idence rate fo r  
ร. pneum oniae  was h ighest in  2001 (38.4/100,000 population) and lowest in  2005 
(17.3/100,000 popula tion). The incidence o f  ร. pneum oniae  was highest among adults 
^65 years o f  age. The most common prim ary c lin ica l find ing  fo r invasive  
ร.pneum oniae  was pneumonia (64.5% ), fo llowed by  bacterem ia/septicem ia (21.5%) 
(115).

7. L A B O R A T O R Y  D IA G N O S IS

M IC R O S C O P Y

Gram stain o f  specimens is a rapid way to diagnose pneumococcal disease. 
ร. pneum oniae  characte ris tica lly  appear as lancet-shaped, gram -postive d ip lococc i 
surrounded b y  an unstained capsule (70, 116).

C U L T U R E

The specimens were inoculated onto an enriched nutrien t medium  
supplemented w ith  b lood. A fte r overn ight incubation, typ ica l pneumococcal colonies
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are round and glisten ing w ith  entire edges, transparent and about 1 m m  in  diameter. 
They are surrounded b y  2 -m m  zone o f  alpha-hemolysis (70, 116).

I D E N T I F I C A T I O N

1. Catalase test. ร. pneum oniae  does not produce the enzyme catalase and 
can not reduce d ia tom ic oxygen to hydrogen peroxide o r superoxide. These catalase- 
producing organism w i l l  catalyze the breakdown o f  hydrogen peroxide (H 2O 2) to 
oxygen and water. Oxygen is released from  the hydrogen peroxide in  the fo rm  o f  
bubbles. I f  bubbles o r fro th  forms, the organism is said to be catalase-positive i f  not, 
the organism is catalase-negative (116).

2. Bile solubility. Surface-active agents, such as b ile , b ile  salts, act on the cell 
w a ll o f  pneumococci and b ring  about lysis o f  the ce ll. Isolates o f  ร. pneum oniae  are 
lysed rap id ly  when a few  drops o f  10% sodium deoxycholate so lu tion are added on an 
isolated colony. M ost colonies o f  ร. pneum oniae  are dissolved w ith in  a few minutes 
whereas other a lpha-hemolytic streptococci are not lysed by  b ile  (117).

3. Optochin susceptibility. ร . pneum oniae  can also be iden tified  from  its 
susceptib ility to optoch in (ethyl-hydrocupre ine d ihyd roch lo ride ). The optochin is 
placed in the m idd le  o f  the inocu lum . A  zone o f  inh ib ited  bacteria l grow th is seen 
around the optochin d isk after overn igh t incubation. (118).

8. T R E A T M E N T  O F  ร .  P N E U M O N I A E  I N F E C T I O N

ร. pneum oniae  is an im portan t cause o f  bo th  invasive and noninvasive  
in fections in  a ll age groups throughout the w o rld  (119-121). The drug o f  choice fo r 
treating in fections caused by  ร. pneum oniae  has been p e n ic ill in  G. However, the firs t 
pen ic illin  resistant ร. p neu m o n ia e  (PRSP) was iso lated in  1967, and since then 
penic illin -resistan t strains have steadily become more com m on (122). In  a study o f  30 
medical centers in  the U n ited  States, more than 23%  o f  ร. pneu m o nia e  isolates 
obtained between 1994 and 1995 were resistant to p e n ic ill in  (123, 124). W orldw ide ,
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incidence rates o f  PRSP ranging from  33% to nearly 80%  have been reported (125- 
128).

M acro lides and chloramphenicol have been used to treat cases in vo lv ing  PRSP, 
and case in vo lv in g  ร. pneu m o nia e  that is resistant to m u ltip le  antib io tics are treated 
w ith  vancomycin (129). E ry th rom yc in  are now  associated w ith  s ign ifican t rates o f  
resistance (6, 8, 130, 131). Macro lides are used to treat in fections such as respiratory  
tract and soft tissue in fections. The an tim icrob ia l spectrum o f  macrolides is s lig h tly  
w ider than that o f  pen ic illin , and therefore macrolides are a common substitute fo r  
patients w ith  a p e n ic illin  allergy. Beta-hemolytic streptococci, pneumococci, 
staphylococci and enterococci are usua lly susceptible to macrolides. U n like  pen ic illin , 
macrolides have been shown to be e ffective  against M ycoplasm a, M ycobacterium , 
some Legionella  and C hlam ydia  species (6, 7, 130, 131). However, pneumococci 
nonsusceptible to the macrolides have been rap id ly  increasing, and could develop 
during therapy, leading to treatment fa ilu re  (4, 8, 132).

9. M A C R O L I D E S

M acro lides have a common fo rm  b y  a large lactone ring . E ry th rom yc in  is a 
m ixture o f  a n tib io tic : that includes e ry th rom ycin  A . E ry th rom yc in  is produced from  a 
strain o f  the actinomycète Saccharopolyspora erythraea, fo rm e rly  known as 
Streptom yces erythraeus. E ry th rom yc in  is one o f  the m acro lide antib io tics wh ich  
consist o f  a large r ing  to w h ich  sugars are attached. In  structure, th is m acrocyclic  
compound contains a 14-membered lactone ring  w ith  ten asymmetric centers and two  
sugars (L-c lad inose and D-desoam ine) (F igure 2-3). E ry th rom yc in , c la rith rom yc in , 
azithromycin and d ir ith rom yc in  are the macrolides cu rren tly  available fo r c lin ica l use 
in  the Un ited  States. The 15-membered rin g  resu lting from  a n itrogen insertion. The  
structural m od ifica tions o f  e ry th rom ycin  A  result in  im proved pharmacokinetic  
profiles and better tolerance, bu t cross-resistance between members o f  th is  class o f  
antim icrob ia l agents was s t il l observed. The 16-membered r in g  (sp iramycin , 
rokitamycin , josam yc in , m idecam ycin and m iocam yc in ) are also ava ilab le in  a few  
countries (10, 133, 134). E ry th rom yc in  has an an tim ic rob ia l spectrum s im ila r to or
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s ligh tly  w ide r than that o f  p e n ic illin  and is often used fo r people that have an a llergy to  
pen ic illins . For resp ira tory tract in fections, i t  has better coverage o f  a typ ica l organisms, 
inc lud ing mycoplasma and legionellosis. I t  is also used to treat outbreaks o f  chlamydia, 
syphilis , acne and gonorrhea. A lthough  erythrom ycin is s till a very useful drug, the 
newer macrolides have a lower incidence o f  side effects than eryth rom ycin . The newer 
macrolides produce less gastrointestinal irr ita b ility , are more stable in  gastric acid, Eire 
better absorbed from  the gut, have better tissue penetration and possess longer ha lf- 
lives, pe rm itting  once- o r tw ice da ily  adm inistration (135, 136).

Figure 2 Group of macrolides (Douthwaite ร. e t al., 2001).
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Figure 3 Structure of erythromycin (Tenson T.,2003).
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The recently developed ketolides te lith rom yc in  and ABT773 are derived from  
c la rith rom yc in  and have tw o  m a jo r m od ifica tions, replacement o f  L-cladinose by a 
keto group and an 11- to  12-carbamate extension w ith  an ary laky l m od ifica tion  in  
te lith rom yc in  (F igure 4). In  most circumstances, the ketolides are un iquely active, 
retaining a c tiv ity  despite the emergence o f  resistance to macrolides, lincosamides and 
streptogram in B  agents (137, 138).

F ig u re  4 S tru c tu re  o f  ke to lides (Ede ls te in  PH ., 2004).

Ketolides
•  T e l i t h f o m y c m  ( H M R  3 6 4 7 )

•  C e t h r o m y c in  ( A B T  7 7 3 )

Ketolide structure and resistance
11-12 aryl-akyl extension in telithromycin 
increases A2058G binding า05-?อ{ช

Lack of cladincse results เท no 
induction of o r m B  and poor 
binding to A2058 (compensated 
by carbamate extension)

MECHANISM OF ACTION OF MACROLIDES

A ll the macro lides have a mechanism o f  action identica l to that o f  
erythromycin. E ry th rom yc in  binds in  a specific manner to the 50S subunit o f  the 
bacterial ribosome. I t  does no t b ind  to mammalian 80S ribosomes and this accounts in  
part fo r its selective to x ic ity . L ik e  chloramphenical, e ry th rom ycin  can in h ib it prote in  
synthesis on ribosomes from  m ammalian m itochondria . Competition experiments 
indicate that the e ry th rom yc in  b ind ing  site on the 50S ribosome subunit overlaps or 
interacts w ith  the b ind ing  sites fo r ch loram phen ico l and the lincom ycin . The b ind ing  
o f  [ 14C ]ch loram phenico l to bacteria l ribosomes is prevented by  e ryth rom ycin  and 
lincom ycin , but the b ind ing  o f  [ 14C ]e ry th rom yc in  is no t inh ib ited  by  chloramphenicol 
or lincom ycin . The b ind ing  o f  [ 14C ] lin com yc in  is inh ib ited  by  erythromycin. 
Erythrom ycin prevents the b ind ing  o f  ch lo ram phen ico l to isolated 70S ribosomes but
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not ribosomes in  polysome form . I f  pep tid y l- tR N A  is removed from  polyribosomes, 
however, ch loramphenico l b ind ing  is inh ib ited  by e ryth rom ycin . Th is suggests that the 
erythrom ycin b ind ing  site is in  the pep tid y l- tR N A  b ind ing  reg ion (P site) on the 50S 
ribosome subunit (F igure 5). The b ind ing  site o f  e ry th rom ycin  is composed o f  domain  
V  sequences near the peptidyltransferase center, where the polypeptide chain is 
synthesized. I t  is not com ple te ly clear whether e ry th rom ycin  inh ib its  protein synthesis 
by inh ib iting  peptide bond fo rm ation o r by in te rfe ring  w ith  the subsequent 
translocation step. Several studies both in vivo and in vitro strongly suggest that 
erythrom ycin inh ib its  the translocation step. The presence o f  ery th rom ycin  on the 50S 
subunit may in h ib it translocation by preventing the proper association o f  the peptidy l- 
tR N A  w ith  its b ind ing  site a fter fo rm ation o f  the peptide bond (10, 134, 139-143).

F igu re  5 Peptide bond  synthesis cata lysed by  the p e p tid y l trans fe rase cen te r o f  
the 50S ribosom e s u b u n it (C o u rv a lin  P. e t a l., 2002 and C oc ito  c . et al., 2002).

nascent polypeptide chain 
site

macroiideantibiotics

mRNA

-+
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10. MECHANISM OF MACROLIDE RESISTANCE

There are two main mechanisms o f  resistance to macrolides, The firs t 
mechanism described is based on ribosomal protection due to acquisition o f  the erm  
(B ) gene. The erm  (B ) pos itive  isolates are resistant to macrolides, lincosamides, and 
streptogram in B (M LS b phenotype), is due to the overlapping b ind ing  sites o f  these 
drugs and exh ib it h igh-leve l resistance to erythrom ycin (M IC s above 64 pg/m l). The 
erm  (B ) gene encodes a ribosomal methylase wh ich dimethylates pneumococcal 23S 
rR N A  o f  50S ribosomal subunit at a single site, adenine at pos ition  2058 {Escherichia 
coli numbering) (F igure 6). These m od ifica tion  precise ly reduces the a ffin ity  o f  
ery throm ycin fo r its target, p robab ly b y  preventing d irect access to the target or by  
m od ify ing  the conform ation o f  the b ind ing  site (14, 52, 133, 144).

M ore recently, e ry th rom ycin  resistance in  c lin ica l isolates o f  ร. pneum oniae  
harboring the erm  (A ) subclass erm  (TR ) gene has been described mostly in  
Streptococcus pyogenes (145) such as in  Ita ly  (146), France (147), Spain (148) and 
Canada (149), but it  has been described reported in pneumococci from  Greece (150) 
and Spain (19). The streptococcal erm  (B ) gene is associated w ith  conjugative  
transposons o f  the T n 9 1 6 -T n l5 4 5  fam ily  thr.t also confer resistance to tetracycline [by  
the tet (M ) gene] and/or kanamycin [b y  the aph ( 3 ’) - I I I  gene] (151, 152). In Europe, 
South A fr ic a  and Asia, the erm  (B ) predom inant the macro lide-resistant ร. pnem oniae  
more than No rth  Am erica (17, 19 ,28 , 151, 153, 154).



F igu re  6 S tru c tu re  o f  d om a inV  o f  23S rR N A  (C o u rv a lin  P. e t al., 2002).
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Regulation of erm  (B) expression and the MLSb resistance phenotype

Ribosome m od ifica tion  in vo lv in g  a ribosome methylase, associated w ith  the 
erm  (B ) gene (e ry th rom yc in  ribosome methylase). The erm  (B ) gene is associated w ith  
high-leve l resistance to macrolides, lincosam ides, and streptogram in B (M L S b 
phenotype). Expression o f  M L S b resistance can be constitu tive (cM L S b) or inducible  
( iM LS s ) (155). Induc ib le  resistance was indicated by  b lun ting  o f  the c lindam ycin zone 
on the side closest to the e ry th rom ycin  d isk resu lting in a D-shaped zone. When 
expression is constitu tive, the erm  (B ) m R N A  is active and its translation by the 
ribosomes a llows constitu tive m éthy la tion  o f  the ribosomes, probab ly w h ile  they are 
synthesized. I f  resistance is induc ib le , m R N A  o f  erm  (B ) was synthesized but in an 
active fo rm  and becomes active fo rm  on ly  in  the presence o f  induc ing macrolides. The 
5 ’ end o f  erm  (B ) presents a series o f  inverted repeats w h ich  are responsible fo r the 
lack o f  methylase synthesis in  the absence o f  e ry th rom ycin . Induc ib le  m R N A  had a 
repeat fourteen base pairs and fo rm  the a lternative stem -loop structures (F igure 7), the 
number 1 to 14 ind icate inverted repeated w ith  the ir sym m etry axes and RBS is 
ribosome b ind ing  site. However, these stem -loops sequesters the ribosome b ind ing site 
and in itia tio n  codon fo r the methylase. Thereby, the methylase can not be produced, 
since the in itia tio n  m o tifs  fo r trans la tion o f  the enzyme are not accessible to the 
ribosomes. These induction , to relate the presence o f  sequences coding fo r a small
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leader peptide o f  36 am ino acid upstream from  the erm  (B ) gene. The low  
concentrations o f  eryth rom ycin , b ind ing  to a ribosome transla ting the leader peptide 
causes the ribosome to stall, in  tu rn  destab iliz ing the pa iring  o f  the inverted repeats and 
inducing fo rm  rearrangments in  the m R N A . Therefore, the erm  (B ) m R N A  is active, 
and its translation by the ribosomes a llows méthy la tion o f  the ribosomes (10).

F igu re  7 Schem atic rep resen ta tion  o f  the  s tru c tu re  o f  the m R N A  fro m  the  
in d u c ib le  erm  (B ) gene. (C o u rv a lin  P. e t a l., 2002).

5' 3’
11 115 Contro l peptide 225 ,แ8 er/»(B)

I m m m A m m r n ----------------------1
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The second mechanism is active e fflu x  due to the acqu is ition o f  the m e f  gene 
was iden tified  in isolates expressing a low -leve l resistance to e ry th rom ycin  (M ICs  
ranged from  1 to 32 pg /m l). The m e f  genes specific fo r 14- and 15-membered 
macrolides but susceptible to 16-membered macro lides, lincosam ides and 
streptogram in B. Since 16-membered macrolides, lincosam ides, and streptogram in B 
antib io tic are not substrates o f  the pump. The phenotype conferred b y  these pumps was 
designated as M  phenotype. M e f pumps belong to the M a jo r fa c ilita to r superfam ily o f  
transporters w ith  12-transmembrane spanning domains in  the cytop lasm ic membrane, 
driven the proton m otive  force (F igures 8-9). The leve l o f  resistance prov ided by  the 
m e f  genes lower than the er»î-mediated resistance (10, 27, 49).

M ef proteins exist in both Gram positive bacteria and Gram negative bacteria
as well as in fungi and mammalian (tumour) cells (156, 157). Carbonyl cyanide m-
chlorophenylhydrazone (CCCP) can inhibit efflux effect in ร. p n eu m o n ia e  by destroy
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the proton gradient o f  bacterial transcytoplasm membrane, causing transport proteins  
to lose energy supp ly and eventually leading to increasing accumulation o f  drug 
concentration (158 ,159).

Recently, there were several reports o f  c lin ica l strains o f  ร. pneum oniae  that do 
not contain either erm  (B ) or m e f  gene. These isolates had changes in  23 ร rR N A  genes 
(A  to G at pos ition 2059 E. coli numbering) o r changes in  a h ig h ly  conserved region o f  
ribosomal pro te in  L4  (ô9 GTG  7 1 to TPS m uta tion o r a 6-am ino-ac id L4  insertion, 6 9  

G T G R E K G T G R A R ) w h ich  can confer a macro lide (M ) and linconsam ide (L)-resistant 
(M L ) phenotype o r macrolide (M ) and streptograminB (SB)-resistant (M S b) phenotype.

F igu re  8 Schem atic represen ta tion  o f  the tw o  m a jo r  classes o f m u lt id ru g  
tra n spo rte rs  (P u tm an  M . e t al., 2000).

Out

เท

A  : ABC -type  m u ltid rug  transporters u tiliz e  the free energy o f  A TP  hydro lys is  to 
pump drugs out o f  the ce ll, B ะ Secondary m u ltid rug  transporters mediate the extrusion  
o f  s tructura lly unrelated drugs in  a coupled exchange w ith  protons o r sodium
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F ig u re  9 S tru c tu ra l m ode l fo r  the 12 -TM S  m u lt id ru g  tra n spo rte rs  o f  the  M FS .
(Pu tm an M . et al., 2000).

There are tw o  subclasses o f  the m e f (A /E ) gene : The m e f  (A ) gene was firs t 
iden tified  in  Strep tococcus pyogenes (26) w h ile  m e f  (E ) was found in  Streptococcus  
pneu m o nia e{\2 ). The tw o  m e f  genes showed 90% D N A  iden tity  and were regarded as 
a single gene class designated m e f  (A ) (40). A lthough  m e f  (A ) and m e f  (E ) are 90%  
identica l at the nucleotide level, they are characterized by m a jo r differences (42). 
Recently, the genetic elements carry ing m e f (A ) and m e f  (E ) were f irs t characterized in  
ร. pneum oniae. The m ej tA )  gene has been shown to be part o f  a 7.2 kb defective  
transposon (T n 1207.1) that carries eight open reading frames (ORFs), o f  w h ich the 
firs t 5 have the same d irec tion o f  transcription, w h ile  o rfh , o r fl , and orf% are oriented  
opposite to the others (F igure 10). Between orf.3 and m e f  (A ) there is an intergenic  
region w ith  a h igh  potentia l fo r the form ation o f  hairp ins, m e f  (A ) is the fourth and 
o r f l  encodes a resolvase/invertase (43).

F igu re  10 S tru c tu re  o f  the ch rom osom al genetic e lem ent T n 1207.1, w h ich  is 
7,244-bp long (G IA N N I P O Z Z I G . et a l., 2000).

o r f l o r f l orf3___________m e/i A ) orfS m sr(.\) o rf6  o rf7  o rf8
> c — ..... (□ £□ £}
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In  2001, Gay &  Stephens described a 5.4 o r 5.5 kb genetic element containing  
a m e f  (E ) gene called M E G A  (m acro lide e fflu x  genetic assembly) (F igure 11). The 
sequence im mediate ly 3 ’ o f  m e f  (E ) contained a 1,464-bp ORF w ith  the same 
orientation (F igure 12). In  M E G A , the open reading frame (O RF) sequence 3 ’ o f  the 
m e f  (E) gene was designated m el gene wh ich  a 119-bp in tergenic reg ion was between 
m e f  (E) and m el gene. Th is region contained a consensus Shine-Dalgamo sequence 
upstream from  the predicted start codon fo r mel. The m el gene ORF is also a 
homologue o f  the macro lide and streptogram in B resistance pro te in  A  (m srA ) in  
stapylococci, w h ich  encodes an ATP -b ind ing  cassette to prov ide the energy fo r e fflux  
(49, 51, 160-163). The m e f(E )  and m el are co-transcribed, w h ich  suggests that both are 
required fo r e fflu x  (52). As w e ll as o f  downstream from  m e f  (A )  lies a gene that 
puta tive ly msrA  gene in  Staphylococcus ep ilerm id is  encodes an ATP  b ind ing cassette 
transporter, most com m only invo lved in  the uptake o f  nutrients that requires a 
periplasm ic b ind ing  prote in (160, 163).

F igu re  11 S tru c tu re  o f  the M E G A  e lem ent w h ich  is 5 ,500-bp long
(G ay X . et a l., 2001).

-177 MczMACCiTrATnAATixrACciTEWiTTAacrATOicTiTAATKiGAATCrrr'Ttr
-110 AAATIGTATJIA'TCCJG AX3KAAA3X: ACTiTTt̂ KnATTIA GCXIJTCXZVXrfrrmT ATT
-59 rrCTMAATOCTATTCAAVflAGAVirrrWiCXTAWVIVffMOĈ &̂rAKCftTAA

Met GLu lyn Tyr Asn Jem Ttrrt tys teg lys Tyr Ma Ile Trp 1.51 ATO CAA MA TAC AAC MT TiG AAA CDA MA TIT TAT CTA «PA TOG
Ala dy can Ala v&l Sfex leu lie Thr &sr Ala He Leu Gfln Mî? 3045 GCA <33G OvA CCA GTA TCA TTA Arc ACT JGT occ Arc CTG CAA ATG
Ala He He aie Tyr leu Thr du lys Thr dy SBr Ala Met 4590 GCG ATT ATT TTT TAC err fcA GAA AAA ACA OSA TCT do ATG ore
Leu 3er >fet Ala Ser leu Mil Gly Sie Leu Pro Tyr Ala lie Leu 60135 TTO TUT RTX3 GCT TCA TTA GTA GOT TTT TTA ccc ’Ât GCG ATT TTG
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F ig u re  12 S tru c tu re  o f  the chrom osom al genetic e lement m e f  gene, w h ich  is 1,218
bp long (G rosso M . De l., 2002).

m e f{ E )  o r J 2 - m s r ( $ A )  o r /3  o r f 4  o r fS
- r

The mega element, was found to be inserted in  a Tn9 /(5 -like  element, in a 
sequence homologous to orf6 o f  Tn916. The integration o f  the mega element in to a 
Tn97 (5-like transposon generates a new composite element o f  approx im ate ly 23.5 kb 
that designated Tn2009 (F igure 13). Tn2009  carries determ inants fo r te tracycline and 
ery th rom ycin  resistance and is apparently transferred b y  transformation to 
pneumococci (164). The new composite element o f  approx im ate ly 26.3 kb, carry ing  
m e f  (E), tet (M ), and erm  (B ), was found in ร. pneum oniae  and designated Tn2010  
(F igure 14) (50).

F igu re  13 S tru c tu re  rep resen ta tion  the T n 2009, composed o f  the  mega e lement 
in se rted  in to  a T n976 -like  transposon (Pan tos ti A ., 2004).

Tkb 1 mega
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F igu re  14 S tru c tu re  represen ta tion  the T n 2010, composed o f  the  mega element 
and erm  (B ) gene inse rted  in to  a T n 9 1 6 -like  transposon (P an tos ti A ., 2006).

erm (B)-eicmcnl
EB2 KBI

I *..^ ''''-' ^  w

orf7 mc/lE) msriT>) orf3 otf-forfii orfî
mega

l~ T k b - '

O f the tw o  va rian ts  o f  the m e f  gene, m e f  (A )  was o r ig in a l ly  fo und  in  
ร. pyogenes (26) and m e f  (E) was o rig in a lly  found in  ร. pneum oniae  (12). m e f  (A ) and 
m e f  (E) are 90%  identica l at the nucleotide leve l and d id  not d is tingu ish between the 
two variants (40). However, the two variants were considered species specific, i f  a m e f  
gene was found in  ร. pneum oniae, it  was genera lly assumed to be m e f  (E). However, 
m e f  (A ) was shown to be present in  macrolide-resistant ร. pneu m o nia e  isolates such as 
study by  Oster P. e t al. (165) in  1999 from  Ita ly  reported that macro lide-resistant 
ร. p n e u m o n i a e  c a r r ie d  m e f  ( A ) .  T h e r e fo r e ,  th e  m e f  ( A )  lo c a te d  in  
ร. pyogenes cou ld be transferred in to ร. pneum oniae  whereas the m e f  (E ) genes also 
located in  ร. p neu m o n ia e  could be transferred in to ร. p yp g en es  recip ients. Furthermore, 
the m e f  (A ) gene m ay also be widespread among gram -negative such as A cinetobacter  
ju n ii (45, 166), N eisseria  gonorrhoeae isolates (45). In  addition, a study by  Ijo  K .K . et 
al. (167) found that the m e f  gene iden tified in  gram -negative 13 genera carried m e f  (A )  
gene, inc lud ing  A cinetobacter spp, C itrobacter spp, E nterobacter spp, E scherichia  spp, 
K lebsiella  spp, M organella  spp, Pantoeae spp, P rovidencia  spp, P seudom onas spp, 
P roteus spp, R alston ia  spp, Serratia  spp. a nd  S tenotrophom onas spp. A l l  o f  m e f  genes 
have been able to horizon ta l transfer to a varie ty  o f  recipients.
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Recently, a new variant designated m e f  ( I)  has been described in  two  
pneumococcal isolates from  Ita ly  (168) showed that the m e f  gene o f  these two isolates 
d id  not match w ith  the m e f  (E ) gene o f  the mega element (93.6%  hom ology) and wh ich  
exhib ited comparable hom ology (91.4% ) to the m e f  (A ) gene o f  the T n l 207.1 
transposon, was designed m e f  (I).

11. OTHER MECHANISM OF MACROLIDE RESISTANCE 
AMONG ร. PN EU M O N IAE

ร. pneum oniae  was resistant to 14-, 15-, and 16-membered ring  macrolides and 
to streptogram in B  and were susceptible, intermediate, o r low -leve l resistant to 
c lindam yc in  (linccsam ide). These strains d id not carry m e f  (A /E ) o r erm  (B ) resistance 
genes (169). M L S 3  and M  phenotypes were also described in  erm  (B)-negative and 
m e f  (E)-negative strains, ind ica ting the presence o f  nove l genes o r a lle lic  variants o f  
already iden tified  genes. Ta it-Kanrad t et al. in  2000 decribed mutations in  the peptidyl 
transferase loop o f  the 23 ร rR N A  and ribosomal p ro te in  L4  as a cause o f  a new 
resistance type in  pneumococci (47, 170). However, mutations in  23S rR N A  and the 
L4 ribosoma! pro te in  also seem to confer macro lide resistance in  ct least (171-173).

In  F in land, P ih la jam aki M . et al. showed mutations in  domain V  o f  the 23S 
rR N A  o r ribosomal p ro te in  L4  at pos ition A2059C , A2059G , C261 iG  and 6 9G TG 7 i-to - 
6 9TPS 7 1 substitution. They were resistant to marolides and streptogram in B but 
susceptible to lincosam ides and no acquired m acro lide resistance genes (174). In 
Germany, Reinert R .R . et al. showed that m u ltip le  m utations in  the 23S rR N A  (at 
position A2058G , A2059, G211A , T389C and A2937G ), mutations in  ribosomal 
protein L4 (at pos ition A 197V  and R95H ) and L22 (at pos ition  C117T) accounted fo r 
macrolide resistance in  pneumococci (175).
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12. PREVALENCE OF MACROLIDES-RESISTANT
ร. PNEUM ONIAE

The rap id development o f  m acro lide resistance in  ร. p neu m o n ia e , especially  
over the last decade, is o f  m a jo r c lin ica l concern. Established in  1999, the PR O TEXT  
(P rospective  Resis tan t O rgan ism  T ra c k in g  and E p id e m io lo g y  fo r  the K e to lid e  
T e lith ro m y c in )  w o r ld w id e  s u rv e illa n c e  s tu d y  to  m o n ito r  lo n g itu d in a l ly  the  
su scep tib ility  o f  com m on re sp ira to ry  pathogens from  pa tien ts w ith  com m un ity -  
acquired respiratory tract in fections (C A R T I) to current and new antim icrob ia ls. The 
results from  2,371 isolates collected during 2000 b y  N o rth  Am erica centers. Overa ll, 
21.3%  o f  pneumococci (ท=687) were p e n ic illin  G -resistant (Canada, 10.3%; USA , 
32.6%) and corresponding rates o ' e ry th rom ycin  resistance were 16.3% and 31.5% but 
te lith rom yc in  inh ib ited  a ll p e n ic illin - and erythromycin-resistant isolates at <1 |ig /m l
(29). In 2000-2001 PR O TE K T  US study, o f  the 31% (ท=3,133) erythromcin-resistant 
ร. penum oniae  isolates co llected during year 1 o f  sutdy, five  resistance genotypes were  
m e /(A ) 70.9% (ท=2,157), erm  (B ) 17.4% (ท=530) 5 m e /(A ) erm  (B ) 10.0% (ท=304) 
and erm  (TR ) 0.2% (ท=5). The second year o f  the PR O TEKT US study (2001-2002), 
68.7% m e/(A ), 16.8% erm  (B ) and 12.2% m e/(A ) erm  (B ) (30).

In teresting ly, in  2008 PR O TEKT US have shown that the predom inant 
mechanism o f  pneumococcal m acro lide resistance in  the U S A  is mediated by  me/ (A ). 
However, the latest data presented (during 2000-2004) here con firm  that the 
prevalence o f  the m e / (A ) genotype is decreasing and that clones expression both m e f  
(A ) erm  (B ) genes are increasing in  prevalence (34).

In 2004, Asian N e tw o rk  fo r Surveillance o f  Resistant Pathogens (ANSORP) 
had a report e ry th rom ycin  resistance in  ร. pneu m o nia e  isolates from  10 Asian  
countries during 1998-2001, a to ta l o f  555 erythrom ycin-resistant ร. pneum oniae. The 
percentage o f  isolates resistant to e ry th rom ycin  were 59.3%  (ท=329). V ie tnam  had the 
highest prevalence 88.3% , fo llow ed  by  Ta iwan 87.2% , Korea 85.1%, Hong Kong  
76.5% and Ch ina 75.6% . Th is is in  contrast to Ind ia  (1 .5% ) and Sri Lanka (10.3% ), 
which showed the lowest prevalence rates. In  most countries, M IC 9 0 o f  e ry th rom ycin
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among pneumococcal isolates were 128 pg /m l o r higher, except among isolates from  
Thailand and Ind ia (4 and 0.12 pg /m l), respectively.

The prevalence o f  m acro lide resistance amongst ร. pneum oniae  in  d iffe ren t 
geographic areas in  each country is shown in  Table 1. The erm  (B ) gene predom inant 
in  Europe ans South A fr ic a  (such as 67.9% Greece, 86% Spain, 90.9% Be lg ium  46.7%  
Canada 92.4% Tunisia and 83.3% South A frica ) (150, 176-178). I t  confers h igh-leve l 
resistance (M IC  >512 pg /m l) whereas m e f  (A ) and m e f  (E ) are found less often. In  
contrast, most macrolide-resistant penumococcal strains in  N o rth  Am erica harbor m e f  
(A ) gene, w h ich  confers constitu tive low -leve l resistance (M IC  <64 pg /m l) (34, 35). 
However, some European countries such as Germany, Norway, F in land and Austria  
have reported an increasing incidence o f  the e fflu x  mechanism, s im ila r to rates in  
North America centres (17, 36-39).



T able 1 P revalence o f an tib io tic  resistance am ongst.? , p n e u m o n ia e  in d ifferen t geographic areas.

R E P O R T
C o u n try
/re g io n

Year
(collected)

No. o f  test 
iso lates

Percen tage o f  
e ry th ro m y c in  

res istance
%

M ICso /  
M IC jo 

o f
e ry th ro m y c in

resistance

Percentage  
o f  p e n ic il l in  
resistance

%

M echan ism  o f  e ry th ro m y c in  resistance %

Referencem e f  (A ) erm  (B) m e f  (A )+  
erm  (B)

R ibosom a l 
m u ta tio n  
and  o th e r

PRO TEKT US 2000-2001 10,103 31.0 0 .12 /16 12.5 68.8 16.9 9.7 4.6 (34)
PRO TEKT US 2001-2002 10,012 27.9 <0.06/16 14.2 67.3 16.5 12 4.2 (34)
PRO TEKT US 2002-2003 10,886 29.2 0 .12 /64 15.3 63.9 16.5 16.4 3.2 (34)
PRO TEKT US 2003-2004 8,494 29.1 1 <0.06/64 20.0 65.7 16.6 13.9 1.4 (34)

Canada 1998-2004 865 100 2 /4 ND 46.7 42.9 5.8 4.6 (35)
Germany 1992-2004 3,845 11.2 ND ND 63.5 35.6 0.45 0.45 (179)
Norway 2001-2002 2,200 2.72 ND ND 60.0 40.0 0 0 (17)
Finland 2002 1,007 21.5 8 /6 4 ND 50.0 41.0 2.0 6.0 (37)

Austria 2001-2003 160 10.0 0.125/0.25 4.4 58.33 41.64 0 0 (39)

South Africa No data 40 100 8 / > 64 ND 16.7 83.3 0 0 (21)

Greece 1997-1999 781 18 0.78/3.12 ND 29.2 67.9 0 2.9 (150)

Tunisia 1998-2004 100 34 8 /1 2 68 12 86 2 0 (176)

Belgium 1993-1997 100 33 2/> 512 ND 9.1 90.9 0 0 (177)

Spain 1999-2000 203 38.91 0.03 / >64 75 5 92.4 1.3 1.3 (178)

Korea 2002-2006 235 80 4/> 128 67.2 10.1 42.6 47.3 ND (180)
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