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A b s t r a c t: In recent decades, the increase of Streptococcus pneumoniae 
strains resistant to beta-lactams, to other classes of antimicrobial drugs and especially to 
penicillin (penicillin-resistant pneumococcus – PRP) has further complicated the treat-
ment of pneumococcal infection. Penicillin resistance in pneumococci is due to the 
development of altered penicillin-binding proteins (PBPs) in the bacterial cell wall. 
PBPs are known as six different variants (PBP1a, 1b, 2x, 2a, 2b and 3).  

Aim: to compare the presence and types of genes responsible for penicillin 
resistance in Streptococcus pneumoniae isolates with the minimal inhibitory concen-
trations (MIC) of penicillin as well as their correlation within the period of childhood.  

Material and methods: A total of 45 pneumococci obtained from nasal swabs 
and tracheal aspirates of children treated at the University Paediatric Clinic in Skopje 
were examined. According to age, the children were grouped as 1–3, 4–6 and 7–10 
years. the oxacillin test (1μg) was used as a rapid screening test for the detection of 
PRP. MIC of penicillin were determined using the agar dilution method and interpreted 
according to NCCLS as resistant (if MIC are > 2 μg/ml), intermediate resistant (between 
0,12–1.0 μg/ml) and susceptible (< 0,06 μg/ml). The genes pbp2b and pbp 2x, which are 
the genes mainly responsible for the onset of PRP, were detected using polymerase 
chain reaction (PCR).  

Results: the oxacillin test showed that 38 pneumococci were resistant and 7 
susceptible to penicillin. MIC of penicillin showed that 7 strains were resistant, 33 
strains were intermediate resistant (12, 18, and 3 with MIC of 0.5 μg/ml, 0.25 μg/ml and 
0.12 μg/ml, respectively) and 5 susceptible. According to MIC, of the total 40 resis-
tant/intermediate resistant pneumococci, in 22 genes pbp2b and/or pbp2x, were confir-
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med (3 resistant strains with both genes; 7 intermediate resistant and 3 resistant strains 
with pbp2x genes; whereas 8 intermediate resistance and 1 susceptible strain with 
pbp2b). In a total of 11 strains (10 intermediate resistant and one resistant according to 
MIC), pbp2b and/or pbp2x genes were not detected, and their resistance is probably due 
to some other mechanisms or other genes that code PBP. The largest number of the 
examined pneumococci (32) were isolated from children aged 1–3 years and in 18 of 
them either pbp2b or pbp2x genes were detected.  

Conclusion: the oxacillin test is not suitable for discriminating the intermediate 
resistant and resistant pneumococci, while it is relevant for the detection of susceptible 
strains. Penicillin resistance of pneumococci that were causes of infection in children 
was on a lower level (15.5% resistant strains with MIC 1‡2 μg/ml and 73.3% inter-
mediate resistant strains with MIC 0.12‡1 μg/ml). Pbp2b and/or pbp2x genes were 
detected in 22 of the examined strains and all of them except one were intermediate 
resistant or resistant. The Pbp2b gene is mostly present in the intermediate resistant 
strains and because it was detected in one susceptible strain, this gene is responsible for 
a low level of resistance. The pbp2x gene was detected in all the resistant strains and 
that is why we could conclude that it was coding the high level of resistance. Strep-
tococcus pneumoniae was predominantly isolated from the age group 1–3 years where 
the PRP were not significant (Chi square; p > 0.05). 
 
Key words: Streptococcus pneumoniae, Penicillin resistance, Minimal Inhibitory Con-
centration (MIC), Genes of Resistance. 
 
 

Introduction 
 

Streptococcus pneumoniae is an important human pathogen that colo-
nizes the upper respiratory tract and causes life-threatening invasive diseases 
(Hotomi et al., 2002). Young children are the most common carriers and pneu-
mococcal infections at that age are a result of the inadequate immunological 
response to pneumococcal capsular polysaccharides. The effectiveness of peni-
cillin therapy has been compromised by the increasing prevalence of penicillin-
resistant pneumococci (PRP), especially in European countries such as Spain, 
France and Hungary, where it has reached up to 71%. In some parts of the USA, 
resistance to penicillin has reached 44%, whereas in Asia it is from 70–78%. 
The increase of S. pneumoniae strains resistant to beta-lactam antibiotics and 
other classes of antimicrobial drugs (macrolides, tetracyclines, and qinolones) 
has further complicated the treatment of pneumococcal infection. The appea-
rance of PRP is often associated with irrational antibiotic therapy in certain 
countries (Opavski et al., 1999; Song et al., 2004).  

Beta-lactamase production has never been observed in the genus 
pneumococcus, in contrast to staphylococci or enterococci. Penicillin resistance 
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in S. pneumoniae is a complex process that involves alterations on the penicillin 
target site, the penicillin-binding proteins (PBPs). The PBPs are multiple 
proteins with extracytoplasmic domains that function during the later stages of 
murein biosynthesis. S. pneumoniae possess six PBPs, termed PBP1a, 1b, 2x, 
2a, 2b and 3. The relatively small change of the genes that participate in the 
encoding of these proteins causes lower affinity to beta-lactams. Resistance to 
beta-lactams occurs most frequently as a result of changes in amino acids near 
the active site of the three different PBPs 1a, 2x and 2b, resulting in a decreased 
affinity of PBPs to beta-lactams. Each penicillin-binding protein has a different 
affinity for different beta-lactam antibiotics and reduced susceptibility to 
cephalosporin is a result of a change in the PBPs 1a and 2b (Granger et al., 
2006; Opavski et al., 1999; Zighelboim et al., 1981).  

Standard susceptibility tests are not specific enough for the detection of 
pneumococcal resistance to penicillin and to other different groups of anti-
biotics.  

The oxacillin test is a screening test that can directly detect resistant 
PRP. Agar dilution methods are more precise, but not practical for routine 
examination. the polymerase chain reaction (PCR) is a more rapid molecular 
method which offers fast (in a few hours) and specific detection of the resis-
tance genes, as well as elucidation of resistance mechanisms (Jalal et al., 1997; 
Zettler et al., 2004). 

 
 

Aim 
 

 The aim of this study was: to compare the presence and types of genes 
responsible for penicillin resistance in Streptococcus pneumoniae isolates with 
the minimal inhibitory concentrations (MIC) of penicillin as well as their cor-
relation within the period of childhood. 

 
 

Material and method 
 

 Forty-five strains of S. pneumoniae were isolated from nasal swabs and 
tracheal aspirates of children treated at the University Paediatric Clinic in 
Skopje in the period from 2005 to 2006.Tthe children were divided into three 
groups according to age: 1–3 years, 4–6 years and 7–10 years. The samples 
were analyzed at the Institute of Microbiology and Parasitology, Medical Fa-
culty, Ss Cyril and Methodius University, Skopje using standard bacteriological 
techniques: cultivation on blood agar plates, incubation for 24 hours at 37oC, the 
optochin test (5μg) for identification, a screening test with an oxacillin disk 
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(1μg) for the quick detection of PRP. Because of the rapid lysis, pneumococci 
were kept in skimmed milk (Merck) at 70o until the examination.  

Determination of MIC to penicillin: in order to determine MIC (mi-
nimal inhibitory concentrations) of penicillin, the agar dilution method on a 
Mueller Hinton agar with 5% sheep’s blood and inoculums of 0.5 McFarland 
turbidity (108CFU/ml) was used. MICs were interpreted according to the 
guidelines of NCCLS (National Committee for Clinical Laboratory Standards): 
resistant (R) pneumococci had a MIC > 2 μg/ml; intermediate resistant (IR) 
from 0.12 to 1 μg/ml and susceptible (S) < 0.06 μg/ml.  

Polymerase chain reaction (PCR): The procedure of DNA preparation 
for penicillin-resistance genes detection was done by bacterial lysis: a suspen-
sion of 108CFU/ml pneumococci in 100 μl sterile distilled water was heated at 
95oC for 15 min, cooled at 4oC and centrifuged (5–10 min; 6000 rpm), The 
obtained DNA was kept at 4oC for at least six months.  

Contents of the 50 μl mixture for PCR: 5 μl 10x buffer; 4 μl 25 mM 
MgCl; 1,25 μl 10 mM dNTP (dATP; dCTP; dGTP; dTTP); 1 μl primer I; 1 μl 
primer II; 0.5 μl Tag DNA polymerase; 32,25 μl H2O; 5 μl DNA.  

The prepared mixture, in Eppendorf tubes, was covered with 25 μl 
mineral oil. 

Programme for amplification (30 cycles) in Thermal Cycler was carried 
out as follows: denaturation of DNA at 94oC 20 sec., anyling of primers at 57oC 
20 sec., extension of primers at 72oC 20 sec. The following primers were used 
in the investigation (Sigma):  
     
        Code    Gene        Sequence (5–3)                                             Length of the product 
  I.    X 1       pbp2x      (5, – GTCATGCTGGAGCCTAAATT -3,) 
         X 2      pbp2x      (5, – AACCCGACTAGATAACCACC -3,)         277 
 II.    B 1      pbp2b      (5, – ACTCAGGCTTACGGTTCATT -3,)  
         B 2      pbp2b      (5, – ACGAGGAGCCACACGAACAC -3,)         359 
                  
For the process of electrophoresis 1.5–2% agarose gel was used. Amplified 
products were directly visualized and documented against a 100bp ladder DNA 
marker.  
 

 
Results 

 
 According to the oxacillin test 38 pneumococci were resistant and 7 
susceptible. MIC of penicillin showed that the greatest number [33] of pneu-
mococcal strains were intermediate resistant (18 strains with MIC 0.25 μg/ml; 
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12 with 0.5 μg/ml; 3 with 0.12 μg/ml). There were 7 resistant isolates (MIC > 2 
μg/ml) and 5 strains were susceptible (MIC < 0.06 μg/ml) (Table 1). 
 
Table 1 Tabela 1 
 

Oxacillin screening test and Minimal Inhibitory Concentration penicillin  
to pneumococcal isolates 

Oksacilin skrining test i minimalni inhibitorni koncentracii 
 kon penicilin kaj pnevmokokni izolati 

 
 
 

 
 
 
             
 
 
 
 
 
Figure 1 – Agarose gel electrophoresis of PCR – amplified fragments of the pbp2x gene 

(277 bp); positive: 2, 3, 5, 6, 7, 9 
Slika 1 ‡ Agarozen gel od PCR elektroforeza amplificirani fragmenti 

na pbp2x gene (277 bp); pozitivni: 2, 3, 5, 6, 7, 9 
 

Out of a total number of 45 pneumococci, genes pbp2b and pbp2x were 
confirmed in 22 strains. According to MIC and the presence of genes, 15 
intermediate resistant strains possessed only one of the examined genes. In 3 

Susceptibility   Number of isolates 
 Oxacillin test MIC 

Resistant (inhibition zone < 19 mm) 
(MIC > 2 μg/ml) 

38 (84.4%) 7 (15.5%) 

Intermediate resistant 
(MIC 0,12–1 μg/ml) 

 33 (73.3%) 

Susceptible (inhibition zone > 19 mm) 
(MIC < 0,06 μg/ml.  

7 (15.5%) 5 (11.1%) 

Total 45 45 
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148 Kotevska V., Trajkovska-Dokic E. et al. 

Contributions, Sec. Biol. Med. Sci., XXX/1 (2009),143–154 

resistant strains with MIC > 2μg/ml both pbp2x and pbp2b genes were detected 
and in the other 3 with the same MIC only the pbp2x gene was present. Only 
one susceptible strain possesed a resistance gene of the pbp2b type.  
 
Table 2 ‡ Tabela 2  
 

Distribution of resistance genes and MIC of penicillin in 45 pneumococcal isolates 

Distribucija na genite na rezistencija i MIK kon penicilin  
kaj 45 pnevmokokni izolati 

 
Genes 

Susceptible 
(MIC < 0,06 

μg/ml) 

Intermediate 
resistant 

(MIC 0,12–1 μg/ml) 

Resistant 
(MIC > 2 μg/ml) 

Pbp2x 0 7 3 

Pbp2b 1 8 0 

pbp2x/pbp2b 0 0 3 

With genes (22)* 1 15 6 

No genes (23)* 4 10 1 

 NS – Not signification, Chi square, p > 0.05 
 
Table 3 ‡ Tabela 3 
 

Distribution of resistance genes in pneumococcal isolates according  
to children’s ages   

Distribucija na genite na rezistencija na pnevmokoknite 
 izolati spored vozrasta na decata 

 

Age (years) Number of children* Genes: pbp2x, pbp2b or pbp2x/pbp2b* 

1‡3 32 18 

4‡6 7 3 

7‡10 6 1 

Total 45 22 

NS – Not significant; Chi square, p > 0.05 
  

The largest number of pneumococci (32) was isolated from children 
aged 1–3 years, followed by 7 isolates from children aged 4–6 years and 6 from 
children aged 7–10 years. Of 32 children aged 1–3 years, resistance genes were 
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detected in 18 (56.2%). In the second group of children (4–6 of age, 7 strains) 
and in the third group (7–10 of age, 6 strains) the number of strains with detec-
ted resistance genes was lower (3 and 1, respectively). The comparison of the 
presence of resistance genes in the group of 1–3 years and all the other (4–10 
years old) children showed a higher but statistically not significant prevalence 
of resistance (p < 0.005) (Table 3).   
 
 

Discussion 
 

 In the period between 1967 and 1977 reports were published on spo-
radic cases of PRP in different geographic areas of the world. Today, the 
incidence of PRP worldwide is a common clinical and particularly paediatric 
problem due to the fact that S. pneumoniae resistance is constantly increasing. 
Penicillin resistance has been widely spread with a high variable prevalence 
among different countries (Opavski et al., 1999; Song et al., 2004). There are 
no precise data about the presence of PRP in the Republic of Macedonia. The 
data from susceptibility testing of pneumococci isolated from in – and out-
patients, performed at our Institute for penicillin (P) (detected by a disk-diffu-
sion test with penicillin and not with an oxacillin screening test), azythromycin 
(AZM), ciprofloxacin (CIP) and ceftriaxone (CRO) showed the following: 
1996–1998 P 20.8%/3.1%; AZM 9,2%/1.8%; CIP 3.3%/1.9% and CRO 
2.4%/0.3%; 1999–2000 P 20.5%/7.2%; AZM 10.1%/4.3%; CIP 1.8%/1.1%; 
CRO 4.6%/2.7% and 2001–2005 P 37.4%/20.6%; AZM 18.7%/13.3%; CIP 
1.9%/1.5; CRO 1.7%/0.4. These data have emphasized the need for testing and 
determining the pneumococcal susceptibility, especially to groups of antibiotics 
to which resistance has increased over the last few years (penicillin, azythro-
mycin) (Kotevska et al., 2006).  
 Antibiotic susceptibility testing of pneumococci, especially to penicil-
lin, is a special laboratory problem. Oxacillin disks are recommended for scree-
ning. the agar dilution method for the determination of MIC is a good and pre-
cise method, but complex and time-consuming (48–72 hours). Our results show 
that the oxacillin test and the agar dilution test did not correspond completely.  

The majority of studies have pointed out the usefulness of DNA 
methods in the identification and detection of resistance genes in PRP as well as 
of resistance genes for other groups of antibiotics. It is possible to obtain 
relevant information for the type of resistance mechanism when molecular 
methods are used (Zettler et al., 2004). In our study all the examined strains 
which were resistant to penicillin (with MIC > 2 μg/ml) possessed the pbp2x 
gene, alone or together with the pbp2b gene. The pbp2b gene was detected in 
the strains which were intermediate resistant (MIC 0.12 – 1 μg/ml) and in one 
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susceptible strain (MIC < 0.06 μg/ml). Granger et al. (2006), Opavski et al. 
(1999) and Zighelboim et al. (1981) have concluded that a change in PBP 2b is 
most frequently associated with a low level of resistance to penicillin whereas a 
mutation in PBP 2x is important for a high level of resistance.  

Penicillin-resistant pneumococci do not produce beta-lactamases. 
Former investigations have clearly indicated that the three penicillin-binding 
proteins (PBP 1a, 2x and 2b) are important for the development of resistance to 
beta-lactams; however, the other two penicillin-binding proteins (PBP 2a and 
1b) might also be important in this process. S. pneumoniae is a rare bacterium 
that is naturally highly transformable. During the gene transformation process, 
the cell takes the free DNA from the surrounding environment and incorporates 
it, thus changing the genotype. The process can be divided into several phases: 
the ability of DNA overtaking, DNA binding, DNA transport, DNA integration 
into the chromosome of the cell–recipient. Analysis of genes that code the 
synthesis of penicillin-binding protein has shown that they are uniform in 
strains susceptible to penicillin, whereas isolates resistant to penicillin have 
many variable genes for penicillin-binding proteins. They are built as "mosaics" 
and consist of blocks of nucleotides that are identical or similar to isolates of 
penicillin- resistant strains as well as of blocks where nucleotides vary by 20% 
in comparison to penicillin-susceptible strains. These "mosaic" genes are most 
probably created with a recombination between S. pneumoniae and genes of 
related species (e.g. donator for the gene of protein 2b is S. mitis, and for 2a is 
S. oralis.). This enables the appearance of resistant and virulent pneumococcal 
isolates (Bogaert et al., 2000). 

In our study, pbp2b and pbp2x genes were not detected in 1 resistant 
and 18 intermediate resistant pneumococci, which means that the origin of 
resistance to penicillin in these strains may be due to a mutation of some other 
genes that code the remaining PBP. In our study intermediate resistant 
pneumococci were the most frequently found [33], which means the third phase 
of low level of resistance of pneumococci, where MIC is 0.12 μg/ml and rarely 
from 1 to 2 μg/ml. However, this transient phase of PBP 1a, 2x and 2b invol-
vement can be followed by a resistance jump, which is one more reason for 
building a potential strategy in preventing PRP (Opavski et al., 1999).  

It is known that during the first year of life colonization with S. 
pneumoniae appears in about 20% of children. Pneumococcal infections are 
most common in children younger than 5 years. In our study out of 45 isolates 
of pneumococci, the largest number [32] was found in the age group 1–3 years 
and in 18 of them pbp2b or pbp2x genes were confirmed as being responsible 
for the onset of PRP. Resistant pneumococcal isolates are the most common in 
the youngest population, which is important in the process of spreading 
penicillin-resistant clones. The close contact between children in kindergartens 
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and schools result in young children becoming the commonest carriers of 
resistant pneumococci (Bogaert et al., 2002; Stratchounski et al., 2006).  

PRP prevalence is most frequently associated with the common use of 
beta-lactam antibiotics. As opposed to adults, children are treated with antibio-
tics very often. Irrational antibiotic therapy with oral penicillin at low and not-
adjusted doses, then the use of oral cephalosporins, may be the reason for PRP. 
(Hotomi et al., 2002). Data from Germany and Italy have shown that beta-
lactams are prescribed the least in these countries, and thus S. pneumoniae 
resistance is insignificant. Furthermore, increased S. pneumoniae resistance to 
penicillin is associated with the common use of oral cephalosporins. In Japan 
the use of cephalosporins has caused mutations of the pbp2x gene (Stephanie et 
al., 2000).  

Statistical analysis (the chi square test) in our study showed no relation 
between the resistance genes and the ages of the children. Since there was a 
small number of strains (< 5 per group) the statistical test was not reliable. We 
plan to continue our study by providing an additional number of examined 
strains in order to make a more confident statistical test.  

 
 

Conclusion 
 

 The oxacillin test is not suitable for discriminating the intermediate 
resistant and resistant pneumococci. Penicillin resistance of pneumococci 
cancer infection in children is at a lower level (15.5% resistant strains with MIC 
1-2 μg/ml and 73.3% intermediate resistant strains with MIC 0.12‡1 μg/ml). 
Pbp2b and/or pbp2x genes were detected in 48.9% of the examined strains and 
all of them except one were intermediate resistant or resistant. The Pbp2b gene 
is present mostly in the intermediate resistant strains and because it was 
detected in one susceptible strain, this gene is responsible for a low level of 
resistance. The pbp2x gene was detected in all the resistant strains and that is 
why we could conclude that it was coding the high level of resistance. 
Streptococcus pneumoniae was isolated predominantly in the 1–3 years age 
group where the PRP were also predominant but not statististicaly significant 
(chi square, p > 0.05). 
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R e z i m e  
 

FENOTIPOVI I GENI NA REZISTENCIJA NA PNEVMOKOKI 
KON PENICILIN IZOLIRANI OD DECA 

 
Kotevska V., Trajkovska-Doki} E., Jankoska G., Kaftanxieva A.,  

Panovski N., Petrovska M. 
 
Institut za mikrobiologija i parazitologija, Medicinski fakultet, 

Univerzitet „Sv. Kiril i Metodij“, Skopje, R. Makedonija 
 
 

Rezistencijata na Streptococcus pneumoniae (S. pneumoniae) kon beta 
laktamite, osobeno kon penicilin (PRP) i drugite grupi na antibiotici, 
vo poslednive dekadi se zgolemuva i pretstavuva problem vo lekuvaweto na 
pnevmokoknite infekcii. Pojavata na penicilin rezistentnite pnevmo-
koki (PRP) se dol`i na promena na genite koi ja kodiraat sintezata na 
penicilin vrzuva~kite proteini (PVP): 1a, 1b, 2b, 2a, 2x i 3.  

Cel: Da se sporedi zastapenosta i tipovite na geni odgovorni za 
pojava na rezistencija na Streptococcus pneumoniae kon penicilin so mini-
malnite inhibitorni koncentracii na penicilin (MIK), kako i nivnata 
korelacija so vozrasta na decata.  

Materijal i metodi: Ispitani bea 45 pnevmokoki dobieni od 
brisevi od nos i trahealni aspirati od deca lekuvani na Univerzitetskata 
klinika za detski bolesti. Spored vozrasta decata bea grupirani: od 1‡3 
god.; 4‡6 god.; 7‡10 god. Pnevmokokite se identifikuvaa so optohinski test. 
Oksacilinski test (1 μg) se upotrebuva{e kako brz skrining test za detek-
cija na PRP. So agar dilucionen metod se odreduvaa MIK kon penicilin 
koi se interpretiraa spored NCCLS: rezistentnite pnevmokoki imaa MIK 
> 2 μg/ml., intermedierno rezistentni od 0,12‡1,0 μg/ml; i osetlivite < 0.06 
μg/ml. So polimeraza veri`na reakcija (PCR) se detektiraa genite pbp2b 
ili pbp2x odgovorni za pojava na PRP.  

Rezultati: Spored oksacilinskiot test rezistentni pnevmokoki 
kon penicilin bea 38, a 7 bea osetlivi. MIK kon penicilin poka`aa deka 7 
soevi bea rezistentni, 33 bea intermedierno rezistentni (18 so MIK 0,25 
μg/ml.; 12 so MIK 0,5 μg/ml; 3 so 0,12 μg/ml), i 5 osetlivi. Od vkupno 40 re-
zistentni/intermedierno rezistentni pnevmokoki (spored MIK) genite 
pbp2b ili pbp2x bea potvrdeni kaj 22 (7 intermedierno rezistentni; 3 re-
zistentni so prisustvo na dvata gena; 8 intermedierno rezistentni i 1 oset-
liv so pbp2b). Od vkupno 11 soevi (10 intermedierno rezistentni i 1 re-
zistenten spored MIK), pbp2b i/ili pbp2x genite ne bea detektirani, i 
nivnata rezistencija najverojatno e rezultat na drugi mehanizmi ili drugi 
geni koi gi kodiraat PRP. Najgolem broj (32) pnevmokoki bea izolirani od 
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decata na vozrast od 1‡3 god. i kaj 18 be{e detektiran pbp2b ili pbp2x 
genot.  

Zaklu~ok: Oksacilinskiot test ne e pogoden za razlikuvawe na re-
zistentnite od intermedierno rezistentnite pnevmokoki, no e dobar za 
potvrduvawe na osetlivite soevi. Rezistencijata kon penicilin kaj pnev-
mokokite koi predizvikuvaat infekcii kaj decata e na nisko nivo (15,5% 
se rezistentni so MIK 1‡2 μg/ml i 73,3% intermedierno rezistentni so 
MIK 0,12‡1.0 μg/ml). Kaj 22 pnevmokoki se detektiraa pbp2b i/ili pbp2x i 
site, osven eden, bea rezistentni ili intermedierno rezistentni. Pbp2b 
genot e glavno prisuten kaj intermedierno rezistentnite i bidej}i toj 
be{e doka`an kaj edna osetliva pnevmokoka, mo`ebi e odgovoren za poja-
vata na nisko nivo na rezistencija. Pbp2x genot e doka`an kaj site rezis-
tentni pnevmokoki i mo`e da se povrze so pojavata na visoko nivo na rezis-
tencija. Streptococcus pneumonia glavno be{e izolirana kaj decata od 1‡3 
godini, kade {to prisustvoto na PRP ne be{e statisti~ki zna~ajno (X2; p > 
0.05). 
 
Klu~ni zborovi: Streptococcus pneumoniae, rezistencija kon penicilin, 
Minimalni inhibitorni koncentracii (MIK), geni na rezistencija. 
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