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Community-acquired pneumonia (CAP) in children is still one of the leading causes of morbidity and mortality, especially in 
developing countries. The World Health Organization (WHO) has reported that pneumonia accounts for 15% of all deaths of 
children under 5 years old. The aim of the present study was to find out the predominance of microorganisms in the respiratory tract 
in children. 334 strains of microorganisms were isolated: Gram-positive – 293 strains, Gram-negative – 41. From the pharynx 
183 strains were isolated, from the nose – 94, from sputum – 57. Among Gram-positive microorganisms the following were 
isolated: Staphylococcus aureus 44 strains of microorganisms, S. epidermidis – 75, Group A β-hemolytic streptococci – 39, viridans 
streptococci – 55, Streptococcus pneumoniae – 34, Enterococcus faecalis – 2, Candida spp. – 38, Corynebacterium pseudodiphthe-
ricum – 6. Among Gram-negative microorganisms the following were isolated: Escherichia coli 4 strains of microorganisms, Kleb-
siella pneumoniae – 13, Pseudomonas aeruginosa – 6, Haemophilus influenzae – 11, Enterobacter cloacae – 7. Children were 
divided by age and diagnosis into four groups: I group – children with acute bronchitis (0–5 years of age), II group – children with 
acute bronchitis (5–18 years of age), III group – children with CAP (0–5 years of age), IV group – children with CAP (5–18 years 
of age). Materials used in the research – nasal swabs, throat swabs and sputum. Microorganisms were isolated and identified using 
standard microbiological methods. S. aureus was the predominant microorganism isolate from the pharynx in children with 
bronchitis (0–5 years). Group A β-hemolytic streptococci were isolated most often from the pharynx in children with bronchitis 
older than 5 years and in children with CAP less than 5 years of age. S. pneumoniae was most often isolated from the pharynx in 
children older than 5 years of age with CAP. S. aureus was the main microorganism, isolated from the nose in children with 
bronchitis in all age groups; in patients with CAP it was the predominant microorganism in children older than 5 years of age. S. 
aureus was the predominant microorganism, isolated from sputum in children with bronchitis older than 5 years. S. pneumoniae 
was the predominant microorganism, isolated from sputum in children with CAP older than 5 years. The research showed that S. 
pneumoniae is still one of the main pathogens that cause CAP in school aged children.  

Keywords: children; pneumonia; Streptococcus pneumoniae; nasal swabs; pharyngeal swabs; induced sputum.  

Inroduction  
 

The respiratory system of the human organism is a reservoir for 
commensals and potential pathogenic microorganisms, that include Sta-
phylococcus aureus, Streptococcus pneumoniae and Haemophilus in-
fluenzae, which compose the predominant part of respiratory tract micro-
biota (Robinson, 2004). The nose is the main reservoir of carrier state of 
S. aureus (Verhoeven et al., 2014), which can also be isolated in the pha-
rynx (Mertz et al., 2009; Verhoeven et al., 2015). However, S. aureus is 
also a dangerous pathogen and one of the leading causes of community-
acquired infections. Also S. aureus is an important microorganism that 
plays a significant role in the development of lung infections (Tong et al., 
2015). S. aureus has a variety of surface proteins that recognize cellular 
adhesive molecules and can attach to them and penetrate into lung epi-
thelial cells, which protects bacteria from the immune system of the host 
and cause chronic infection (Josse et al., 2017; Morgenea et al., 2018). 
Worldwide, some of the most clinically relevant bacteria involved in 
childhood respiratory diseases include S. pneumoniae, non-typable H. 
influenzae and S. aureus (O’Brien et al., 2009; Poll & Opal, 2009; Navne 
et al., 2016). The etiology of pneumonia in the pediatric population can be 
classified by age-specific versus pathogen-specific organisms (Rudan et 

al., 2013). Neonates are at risk from bacterial pathogens present in the 
birth canal, and this includes organisms such as group B streptococci, 
Klebsiella sp., Escherichia coli (Al Hazzani et al., 2018; Arif, 2018; Chen 
et al., 2019). S. pneumoniae, S. pyogenes, and S. aureus can be identified 
in late-onset neonatal pneumonia (Arif, 2018; Ebeledike & Ahmad, 
2020). Viruses are the main cause of pneumonia in older infants and tod-
dlers between 30 days and 2 years old (Verhoeven, 2019). The rise of 
cases related to S. pneumoniae and H. influenzae type B is observed in the 
age group 2 to 5 years old (Cutts et al., 2005; Gessner et al., 2005). S. 
pneumoniae is still the most commonly identified organism in children 
from 5 to 13 years old (GBD, 2016). Children with chronic diseases are 
also at risk for specific pathogens. In cystic fibrosis, pneumonia secondary 
to S. aureus and Pseudomonas aeruginosa is ubiquitous (Dryahina et al., 
2016). Unvaccinated children are at risk for vaccine-preventable pathogens 
(Ebeledike & Ahmad, 2020).  

The incidence of respiratory infections peaks in childhood. Infection 
can be transmitted by asymptomatic carriers. Adherence of S. pyogenes to 
pharyngeal mucosal cells is a prerequisite to colonization or infection, and 
has been related to surface structures, such as lipoteichoic acid and fibro-
nectin-binding proteins. Penetration or translocation of the organism 
through respiratory epithelial cells has been demonstrated for M-type 1 
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S. pyogenes. If penetration of mucosal barriers occurs readily with these 
strains, it generally does not result in clinically detectable bacteremia in the 
vast majority of cases, since the incidence of invasive infection remains 
generally very low (O'Brien et al., 2002). Thus, the clearance of S. pyo-
genes by the human immune system must be highly efficient (Ferretti 
et al., 2016). Important members of the viridans streptococci that are nor-
mal commensals include Streptococcus mutans and S. sanguis, which are 
involved in the formation of dental caries, S. mitis which is associated with 
bacteremia, pneumonia, meningitis and periodontal disease. S. pyogenes is 
the leading cause of uncomplicated bacterial pharyngitis and tonsillitis. 
Indeed, only group A streptococci are sought routinely in cases of pharyn-
gitis, although groups B, C, and G are sometimes identified. S. pyogenes 
infections can also result in sinusitis, otitis, and pneumonia with empyema 
(Baron & Patterson, 1996). The aim of the present study was to detect the 
predominance of microorganisms in the respiratory tract in children, espe-
cially with CAP.  
 
Materials and methods  
 

Specimens were obtained from the nose, pharynx and sputum. Spu-
tum production was induced by inhalation of 5.0% hypertonic saline solu-
tion, and the sputum sample was obtained by aspirating the nasopharynx 
through the nostrils or by expectoration if the child was old enough to 
produce an adequate sputum sample (Zar et al., 2003; Lahti et al., 2009). 
The study involved 100 children aged 0–18 years with respiratory disea-
ses: CAP (Order No.18 of 13.01.2005 “On approval of protocols for 
rendering medical aid to children in speciality “Children Pulmonology”), 
acute bronchitis, who were treated at Kharkiv Regional Children’s Clini-
cal Hospital in the intensive care unit, pulmonary department. Children 
were divided into four groups, according to Knobee et al. (2019), WHO: 
I group children with acute bronchitis 5 years old and less (17 children), 
II group children with acute bronchitis older than 5 years old (32 children), 
III group children with CAP 5 years old and less (19 children), IV group 
children with CAP older than 5 years old (32 children).  

Bacterial cultures were performed according to standard microbiolo-
gical methods. Isolation of S. aureus was on Mannitol Salt Agar and 
Yolk-Salt agar. For identification of S. aureus and S. epidermidis Staphy 
test 16 (Borno, CZ was used). Classic cultural methods (cultivation in 5% 
CO2, colony morphology, Gram staining, catalase test, optochin sensitivi-
ty) were used to isolate S. pneumoniae (O’Brien et al., 2003; Satzke et al., 
2013). For differentiation of Streptococci blood agar was used to detect 
types of hemolysis. Group A β-hemolytic streptococci isolates were iden-
tified by β-hemolysis, followed by Gram staining and catalase testing 
(Seale et al., 2016) and susceptibility to bacitracin. The cross-streaking 
with a strain of S. aureus on the blood agar was done to identify H. in-
fluenzae since the two species grow in symbiosis (Navne et al., 2016). 
For isolation and identification of H. influenzae Chocolate agar was used. 
Endo agar and ENTEROtest 24 (Borno, CZ) were used for isolation and 
identification of E. coli, K. pneumoniae. For isolation of Corynebacterium 
species tellurite blood agar and biochemical tests (cystinase test, urease 
test; fermentation of glucose, sucrose and starch) were used. For identifica-
tion of P. aeruginosa NEFERMtest 24 was used (Borno, CZ). Sabouraud 
Dextrose Agar and Candidatest 21 (Borno, CZ) were used for isolation of 
Candida spp. from clinical specimens. CHROMagar TMOrientation 
(France) was used for isolation and differentiation of E. coli, K. pneumo-
niae, P. aeruginos, Enterococcus spp, S. aureus, S. epidermidis and Can-
dida spp. Children were not given the pneumococcal vaccine.  

The data were analysed using IBM SPSS 19 (USA). Data were pre-
sented as 95% confidence intervals with the Wilson Score method. The 
chi-square test was performed for comparison of microorganisms in the 
groups. Statistical significance was defined by P < 0.05.  
 
Results  
 

Overall, 51 of 100 children had CAP, 49 had acute bronchitis. 
334 strains of microorganisms were isolated (Fig. 1), among them Gram-
positive – 293 (87.7%), Gram-negative – 41 strains (12.3%).  

Among Gram-positive microorganisms the following strains were 
isolated (Fig. 2): 44 strains (13.2%) of S. aureus, S. epidermidis – 75 

strains (22.4%), Group A β-hemolytic streptococci – 39 strains (11.7%), 
Viridans streptococci – 55 strains (16.5%), S. pneumoniae – 34 strains 
(10.2%), E. faecalis – 2 strains (0.6%), Candida spp. – 38 strains (11.3%), 
C. pseudodiphthericum – 6 strains 1.8%.  

 
Fig. 1. Distribution of microorganisms isolated from children  

with respiratory diseases  
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Fig. 2. Gram-positive microorganisms  

detected among children with respiratory tract infections  

Among Gram-negative microorganisms the following strans were 
isolated (Fig. 3): E. coli – 4 strains (1.2%), K. pneumoniae – 13 strains 
(3.9%), P. aeruginosa – 6 strains (1.8%), H. influenzae – 11 strains 
(3.3%). From E. cloacae 7 strains (2.1%) were isolated.  
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Fig. 3. Gram-negative microorganisms  

detected among children with respiratory tract infections  

Among 334 microorganisms, 183 strains (54.8%) were isolated from 
the pharynx, from the nose – 94 (28.1%), from sputum – 57 (17.1%).  

The majority of microorganisms isolated from the pharynx were 
Gram-positive. From S. aureus 20 strains were isolated with prevalence in 

553 



 

Regul. Mech. Biosyst., 2020, 11(4) 

the I group – 40.0%, S. epidermidis – 14 strains with prevalence in the IV 
group – 42.9%, Group A β-hemolytic streptococci – 29 strains with preva-
lence in the II and in the III group (31.0%). 23 strains were isolated from S. 
pneumoniae with significant prevalence in the IV group (56.5%, χ2 = 
12.30, P = 0.006). Candida spp. were isolated 27 strains with prevalence 
in the IV group (37.0%).  

S. aureus (n = 18) and S. epidermidis (n = 59) were the most often de-
tected pathogens isolated from the nose. S. aureus was prevalent in the I 

and in the II group (33.3%). In the IV group we noted prevalence of 
S. epidermidis (39.0%, χ2 = 9.95, P = 0.019).  

Group A β-hemolytic streptococci (n = 8), S. pneumoniae (n = 10) 
and Candida spp. (n = 11) were the most common pathogens isolated 
from sputum. Group A β-hemolytic streptococci were most often isolated 
in the II group – 50.0%. S. pneumoniae was isolated with significant pre-
valence in the IV group (90.0%, χ2 = 22.80, P = 0.00004). In the IV group 
we noted prevalence of Candida spp. (63.6%, χ2 = 10.45, P = 0.015, Table 1).  

Table 1  
Probability (%) of microorganisms detection from different loci in each group (95% CI)* 

Microorganisms I group** II group III group IV group 
S. aureus*** 40.0 (21.9–61.3) 25.0 (11.2–46.9) 5.7 (1.1–24.6) 25.0 (11.2–46.9) 
S. aureus**** 33.3 (16.3–56.3) 33.3 (16.3–56.3) 11.1 (3.1–32.8) 22.2 (9.0–45.2) 
S. epidermidis*** 14.3 (4.0–40.0) 35.7 (16.3–61.2) 7.1 (1.3–31.5) 42.9 (21.4–67.4) 
S. epidermidis**** 17.0 (9.5–28.5) 30.5 (20.3–43.2) 13.6 (7.0–24.5) 39.0 (27.6–51.7) 
Group A β-hemolytic streptococci*** 17.2 (7.6–34.6) 31.0 (17.3–49.2) 31.0 (17.3–49.2) 20.7 (9.9–38.4) 
Group A β-hemolytic streptococci***** 12.5 (2.2–47.1) 50.0 (21.5–78.5) 12.5 (2.2–47.1) 25.0 (7.2–59.1) 
S. pneumoniae*** 13.0 (4.5–32.1) 13.0 (4.5–32.1) 17.4 (7.0–37.1) 56.5 (36.8–74.4) 
S. pneumoniae***** 0 10.0 (1.8–40.4) 0 90.0 (59.6–98.2) 
Candida spp. *** 14.8 (5.9–32.5) 22.2 (10.6–40.8) 25.9 (13.2–44.7) 37.0 (21.5–55.8) 
Candida spp. ***** 9.1 (1.6–37.7) 27.3 (9.7–56.6) 0 63.6 (35.4–84.8) 
Note: * – 95% confidence interval with Wilson Score method; ** – I group – acute bronchitis, age 0–5 years; II group – acute bronchitis, age 5–18 years; III group – CAP, 0–
5 years; IV group – CAP, 5–18 years; *** – microorganisms detection from pharynx; **** – microorganisms detection from nose; ***** – microorganisms detection from 
sputum.  

In the IV group (children with CAP more than 5 years old) Candida 
spp. were the most common isolated pathogens. Candida spp. – normal 
mouth flora were not thought to be cause of upper respiratory tract disease, 
except in an immunocompromised host. Candida spp. usually not isolated 
from the lower respiratory tract (might originate in the oropharynx), can 
cause low respiratory tract disease in immunocompromised hosts. In the 
present study viridans streptococci were isolated 16.5% C. pseudodiphthe-
ricum – 1.8%. Viridans group streptococci, Corynebacterium spp. are part 
of the normal upper respiratory tract flora and not thought to be a cause of 
respiratory tract disease. That is why the next step was comparison of the 6 
main microorganisms associated with respiratory tract infections in each 
group. Among Gram-positive microorganisms we chose S. aureus, Group 
A β-hemolytic streptococci and S. pneumoniae. Among Gram-negative 
microorganisms we chose K. pneumoniae, P. aeruginosa and H. influen-
zae, as most the important microorganisms.  

In the I group, S. aureus (45.5%) was the main microorganism, then 
Group A β-hemolytic streptococci – 24.2%, K. pneumoniae – 15.2%, 
S. pneumoniae – 9.1%, P aeruginosa and H. influenzae – 3.0% (χ2 = 
26.09, Р = <0.001). In the II group the most often isolated pathogen was S. 
aureus – 41.0%, then Group A β-hemolytic streptococci – 33.3%, 
S. pneumoniae and H. influenzae – 10.3%, K. pneumoniae – 5.1% (χ2 = 
31.92, Р = <0.001). In the III group Group A β-hemolytic streptococci 
(50.0%) were the most often isolated pathogens, next S. aureus and 
S. pneumoniae – 20.0%, K. pneumoniae and P. aeruginosa – 5.0% (χ2 = 
20.20, Р = 0.001). In the IV group the most often isolated pathogen was 
S. pneumoniae – 41.8%, next S. aureus – 16.4%, Group A β-hemolytic 
streptococci – 14.6%, H. influenzae – 10.9%, K. pneumoniae – 9.1%, 
P. aeruginosa –7.3% (χ2 = 26.93, Р = <0.001, Table 2).  

Table 2  
Frequency of occurrence of microorganisms inside each group* 

Microorganisms I group** 
n = 33 

II group 
n = 39 

III group 
n = 20 

IV group 
n = 55 

S. aureus 15 16 4 9 
Group A β-hemolytic streptococci 8 13 10 8 
S. pneumoniae 3 4 4 23 
K. pneumoniae 5 2 1 5 
P. aeruginosa 1 0 1 4 
H. influenzae 1 4 0 6 
Note: * – frequency allocation within each group was calculated with χ2; ** – I–
IV groups see Table 1.  

In the I group the prevalent microorganism isolated from the pharynx 
was S. aureus – 40.0%, then Group A β-hemolytic streptococci – 25.0%, 
K. pneumoniae – 20.0%, S. pneumoniae – 15.0% (χ2 = 14.20, Р = 0.014). 

In the II group the leading microorganisms were Group A β-hemolytic 
streptococci – 42.9%, then S. aureus – 23.8%, S. pneumoniae – 14.3%, 
K. pneumoniae and H. influenzae – 9.5% (χ2 = 14.14, Р = 0.015). In the 
III group the prevalent microorganisms were Group A β-hemolytic strep-
tococci – 53.0%, next S. pneumoniae – 23.5%, S. aureus – 11.8%, 
K. pneumoniae and P. aeruginosa – 5.9% (χ2 = 19.35, Р = 0.002). In the 
IV group the leading microorganism was S. pneumoniae – 41.9%, next 
Group A β-hemolytic streptococci – 19.4%, S. aureus – 16.1%, K. pneu-
moniae and H. influenzae – 9.7%, P. aeruginosa – 3.2% (χ2 = 17.19, Р = 
0.004, Table 3).  

The predominant microorganism isolated from the nose in the I group 
was S. aureus (54.6%), then Group A β-hemolytic streptococci – 18.2%, 
K. pneumoniae, P. aeruginosa and H. influenzae – 9.1% (χ2 = 12.45, Р = 
0.03). S. aureus was the predominant isolated from the nose in the II group 
(85.7%), H. influenzae – 14.3% (χ2 = 24.71, Р = <0.001). S. aureus also 
was the predominant microorganism isolated from the nose in the IV 
group (66.7%), followed by S. pneumoniae and K. pneumoniae – 16.7% 
(χ2 = 12.00, Р = 0.030).  

Table 3  
Frequency of occurrence of microorganisms  
from the pharynx inside each group*  

Microorganisms I group 
n = 20 

II group 
n = 21 

III group 
n = 17 

IV group 
n = 31 

S. aureus 8 5 2 5 
Group A β-hemolytic streptococci 5 9 9 6 
S. pneumoniae 3 3 4 13 
K. pneumoniae 4 2 1 3 
P. aeruginosa 0 0 1 1 
H. influenzae 0 2 0 3 
Note: I–IV groups see Table 1.  

From sputum in the II group the prevalent microorganism was S. au-
reus – 45.5%, followed by Group A β-hemolytic streptococci – 36.4%, 
S. pneumoniae and H. influenzae – 9.1% (χ2 = 12.45, Р = 0.030). From 
sputum in the IV group the main microorganisms were S. pneumoniae – 
50.0%, P. aeruginosa and H. influenzae –16.7%, K. pneumoniae – 5.6% 
(χ2 = 16.67, Р = 0.005).  
 
Discussion  
 

The study detected that in children less than 5 years old with CAP 
which was confirmed in all cases, except one, by positive chest X-ray, the 
most common bacteria detected in the pharynx were Group A β-hemoly-
tic streptococci (53.0%), S. pneumoniae (23.5%) and S. aureus (11.8%). 
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The most common bacterium detected from the nose in children less than 
5 years old with CAP was S. aureus (100%). The Pneumonia Etiology 
Research for Child Health Study Group (2019), which invstigated child-
ren under 5 years in Africa and Asia, revealed that in cases with a positive 
chest X-Ray in children under 5 years old with pneumonia, the most 
common bacteria detected in nasopharynx-oropharynx samples were 
S. pneumoniae (72.8%), H. influenzae (57.8%), and S. aureus (15.4%).  

S. aureus was the predominant microorganism isolated from the pha-
rynx and nose in children 0–5 years old with bronchitis, which is similar to 
the findings of Tine et al. (2018), who investigating nose, throat swabs for 
PCR, found that S. aureus was the most frequent pathogen in the age 
group 1–5 years in children with acute respiratory tract infections.  

Ning et al. (2017), who researched CAP among children under 
5 years of age, analyzing nasal aspirates and sputum, revealed that 
S. aureus was identified in a small proportion of children with CAP in 
China, as in the present study, which shows that S. aureus was identified 
in a small proportion of children with CAP in the group of children under 
5 years of age. In the current study S. aureus was the predominant micro-
organism isolated from the pharynx in children 0–5 years of age with 
bronchitis, Group A β-hemolytic streptococci was predominant in child-
ren with CAP 0–5 years of age, S. pneumoniae was predominant in child-
ren older than 5 years of age with CAP. This is opposite to findings of 
Knobee et al. (2019), who revealed that S. pneumoniae isolated from the 
oropharynx in children less than 5 years was associated with acute respira-
tory tract infections.  

S. pneumoniae was the predominant microorganism, isolated from 
children with CAP older than 5 years, which corresponds to the British 
Thoracic Society guidelines for the management of community acquired 
pneumonia in children (2011) and Order No. 18 of 13.01.2005 “On ap-
proval of protocols for rendering medical aid to children in speciality 
"Children’s Pulmonology"”. Prevalence of S. pneumoniae can be ex-
plained by the fact that due to Order No. 595 of 16.09.2011 “On the pro-
cedure for preventive vaccinations in Ukraine and quality control and 
circulation of medical immunobiological drugs”, this type of vaccine in 
Ukraine is only recommended for children and elderly people. Therefore, 
preventive measures against S. pneumoniae – especially vaccination – 
should be a priority.  

Scientists from Europe, Don et al. (2005), who determined the aetio-
logy of paediatric CAP in both ambulatory and hospitalized patients, 
found the most common microorganisms were M. pneumoniae (27%) 
and S. pneumoniae (18%). Their results confirm the role of S. pneumoniae 
in paediatric CAP at all ages. In the current study, S. pneumoniae was the 
most common pathogen in children with CAP older than 5 years old. 
Yadav & Awasthi (2016) showed that there was sufficient data to show 
that S. pneumoniae and H. influenzae contribute to more than 50% cases 
of CAP in children under 5 years old in India. In the present study 
S. pneumoniae was the predominant microorganism in sputum of children 
older than 5 years old.  

Ning et al. (2017) found that the most common pathogen in children 
with CAP less than 5 years of age was S. pneumoniae (5.2%), while in the 
present study S. pneumoniae was the most common pathogen in children 
with CAP, but older than 5 years of age.  

Group A β-hemolytic streptococci were isolated most often in 0–5 
year old children with CAP from the pharynx. It can be explained as a 
carrier state of this microorganism. This finding is distinguished from the 
study of Delepech et al. (2017), who investigated throat swabs in children 
5–13 years – asymptomatic carriers in Uganda, East-Central Africa and 
revealed that main age group was 8–10 year old children. High levels of 
Group A β-hemolytic streptococci in the group 0–5 year old children can 
be explained due to the attendance at kindergarten, formation of family 
clusters. Family clusters are uncommon, have typically two individuals, 
most often adults (DiPersio et al., 1996; Recco et al., 2002). Roy et al. 
(2003) discovered a family cluster of five cases of Group A β-hemolytic 
streptococci pneumonia. The potential reason for family clusters is prolon-
ged contact between the index case and susceptible family members, viru-
lence, host susceptibility. Prolonged close contact of individuals is a well-
established risk factor for the spread of Group A β-hemolytic streptococci 
infection (Schwartz, 1992).  

H. influenzae was the leading pathogen in group of children older than 
5 years with CAP among Gram-negative microorganisms, even though 
those children were vaccinated against H. influenzae due to Order No. 595 
of 16.09.2011 “On the procedure for preventive vaccinations in Ukraine 
and quality control and circulation of medical immunobiological drugs”.  
 
Conclusion  
 

The present study revealed that Gram-positive microorganisms were 
detected more often compared with Gram-negative. Staphylococcus au-
reus, Streptococcus pneumoniae and Group A β-hemolytic streptococci 
were the major microorganisms. S. aureus was the most often isolated 
microorganism in children with bronchitis in all age groups. S. pneumo-
niae was the most often isolated pathogen in children with CAP older than 
5 years of age. Group A β-hemolytic streptococci were the most often 
isolated pathogens in children with CAP in the age group 0–5 years old. 
This finding requires further epidemiological research about vaccination 
coverage, attendance at preschool activities and school, formation of carri-
er state of family members and investigation of the area of living. In future 
research it is planned to detect sensitivity of the main microorganisms in 
biofilm form to antibacterial drugs in vitro.  
 

I wish to acknowledge the help provided by personnel of the laboratory of the Khar-
kiv Regional Children’s Clinical Hospital, Department of Pediatrics No. 1 and Neo-
natology and Department of Microbiology, Virology and Immunology named by 
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