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INTRODUCTION

Urinary tract infection (UTI) is common in 

childhood, second only in frequency to that of 

the respiratory tract [1, 2, 3]. Depending on the 

localization of the infection, severity of its clini-

cal presentation and possible acute and long-

term complications, UTI may be described as 

either acute cystitis or as acute pyelonephritis 

[4-7]. Prompt treatment of childhood acute 

pyelonephritis is likely to reduce the risk of 

permanent renal scarring [7, 8]. However, 

increased anti-microbial resistance, especially 

the emergence of uropathogen strains produc-

ing extended spectrum β-lactamases (ESBLs) 

has threatened the antibiotic treatment of UTI 

in children [9, 10, 11].

OBJECTIVE

The aim of this study was to assess the chang-

ing trend of local resistance patterns of urinary 

pathogens to commonly usable anti-microbial 

agents during the last 5 years in newborns and 

young children with acute pyelonephritis.

METHODS

The medical records from January 2005 

to December 2009 of all children aged less 

than 18 years admitted at the Nephrology or 

Neonatology Department of the University 

Children’s Hospital in Belgrade for their first 

UTI were reviewed. Two different periods, 

early (from January 2005 to December 2007) 

and late (from January 2008 to December 

2009), were studied to evaluate the trend of 

anti-microbial resistance in children with clini-

cally suspected acute pyelonephritis. Data were 

analyzed separately for two age groups: new-

borns (group I) and children older than one 

month (group II). Clinical parameters includ-

ing age, gender, aetiology of UTI and bacte-

rial resistance of uropathogens and urinary 

tract imaging were recorded for each patient. 

The patients who met the following criteria 

were included in the study: fever greater than 

38.5°C with no other recognized cause, leu-

kocytosis, C reactive protein (CRP) higher 

than 20 mg/l, positive dipstick for leukocyte 

esterase and/or pyuria (urine specimen with 

≥10 white blood cells/hpf), and isolation of 

more than 105 colony-forming units (CFUs)/

ml of a single species of bacteria in a urine 

sample obtained by midstream clean catch, or 

sterile bags. Those receiving antibiotics and 

immunosuppressed children as well as those 

with history of previous UTI were excluded 

from the study. Ultra-sonography performed 

within 72 hours after admission into hospital 

was required for all participants, while voiding 

cysto-urethrography and Tc-99m DMSA scin-
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tigraphy were optional at the treating physician’s request 

and parents’ decision.

All urine samples were obtained in hospital by health 

care personnel. Contaminated specimens were discarded 

from the study. Standard methods for isolation and iden-

tification of the isolates were used. Anti-bacterial suscepti-

bility testing of the isolates was performed by the standard 

disc diffusion method as recommended by the Clinical and 

Laboratory Standards Institute (CLSI) [12]. ESBL pheno-

typic confirmatory test with ceftazidime, ceftriaxone and 

cefotaxime was performed for all isolates by disc diffusion 

method on Mueller-Hinton agar plates. A ≥5 mm increase 

in a zone diameter for antimicrobial agent tested in com-

bination with clavulanic acid versus its zone when tested 

alone was considered indicative of ESBL production. The 

methods used did not vary throughout the study period. 

No tests were performed to further characterize the clonal 

origin of isolates.

The following anti-microbial agents were tested: ampi-

cillin (AMP), a combination of sulphamethoxasole and 

trimethoprim (TMP-SMZ), cephalexin (CEP), ceftriaxone 

(CX), cefotaxime (CTX), ceftazidime (CEF), gentamycin 

(GN), amikacin (AM), ciprofloxacin (CIP), imipenem 

(IMP) and nalidixic acid (N). Multi-drug resistance was 

defined when resistance to at least 3 different groups of 

antibiotics was apparent.

Statistical analysis

SPSS 13.0 for Microsoft Windows was used for all statistical 

analyses. Results for continuous variables were presented 

as mean (±SEM). Fisher’s exact test was used to compare 

categorical variables. The Mann-Whitney U test was used 

for continuous variables. A P value <0.05 was considered 

to be statistical significant.

RESULTS

Clinical characteristics

A total of 598 children were hospitalized in the Nephrology 

and Neonatal departments of the University Children’s 

Hospital in Belgrade due to the first UTI between the 1st 

of January 2005 and the 31st of December 2009. Of these, 

only 411 children (189 girls and 222 boys, median age of 

4.0 months; range 0.1–112 months) fulfilled inclusion cri-

teria of the study. Their clinical characteristics are shown 

in Table 1. The patients were divided in 2 groups based 

on age. Group I consisted of 117 newborns while group II 

consisted of 294 older children with a mean age of 9.3±0.7 

months. The patients were treated in early (2005–2007) 

or late (2008–2009) during the study period (136 and 275 

patients, respectively). The early and late period of the 

research were comparable except for CRP and ESBL (+) 

UTI which were higher in early than in late period and 

renal ultrasound abnormalities which were more common 

in the early than in the later period. The percentage of urine 

specimen-obtaining methods for urine culture, midstream 

clean catch urine and sterile bags were 65 and 35% in the 

early and 67 and 33% in late study period, respectively.

Microbiology

Escherichia coli (E. coli) was the leading cause of UTI 

(85.5%), followed by Klebsiella pneumoniae (8.1%), 

Enterococcus spp. (3.6%), Proteus mirabilis (2.0%), 

Enterobacter (0.4%) and Psedomonas aeruginosa (0.4%). 

The distribution of uropathogens did not vary significantly 

between the two study periods, but E. coli was more preva-

lent in group II while non-E. coli pathogens, Klebsiella and 

Enterococcus, were more common in group I (Table 2).

Table 1. Clinical characteristics

Parameter

Group I Group II

2005–2007
(n=50)

2008–2009
(n=67)

p
2005–2007

(n=86)
2008–2009

(n=208)
p

Gender, male/female (%) 84/16 77.6/22.4 NS 32.6/67.4 48.1/51.9 <0.05

Age (months) 0.5±0.2 0.5±0.2 NS 11.4±1.8 8.5±0.7 NS

Temperature (°C) 38.5±0.4 38.5±0.4 NS 39.2±0.7 39.1±0.6 NS

White blood cells (103/mm3) 18.2±1.8 17.1±1.1 NS 18.6±0.8 18.9±0.5 NS

C-reactive protein (mg/L) 45.4±7.2 62.8±8.0 NS 57.3±3.6 87.8±4.5 <0.01

Renal ultrasound abnormalities (%) 36.4 19.4 <0.05 38 29.1 NS

ESBL (+) UTI (%) 44 65.7 <0.05 11.6 63.0 <0.01

n – number of patients; ESBL (+) UTI – urinary tract infections caused by ESBL-producing microorganisms; NS – not statistically significant

Table 2. Frequency of urinary pathogens

Urinary pathogens

Group I Group II p (Group I vs Group II)

2005–2007
(n=50)

2008–2009
(n=67)

p
2005–2007

(n=86)
2008–2009

(n=208)
p 2005–2007 2008–2009

Escherichia coli 72.0 73.1 NS 88.4 92.8 NS <0.05 <0.01

Klebsiella 20.0 19.4 NS 3.5 3.4 NS <0.01 <0.01

Enterococcus 6.0 7.5 NS 2.3 1.0 NS NS <0.01

Other 2.0 0 NS 5.8 2.9 NS NS NS

Total 100.0 100.0 100.0 100.0
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Resistance patterns

Resistance to anti-microbial agents for overall pathogens 

both in the early and late study periods is presented in 

Table 3. When early and late study periods were com-

pared increasing trends in bacterial resistance patterns 

were observed towards TMP-SMX, 2nd and 3rd generation 

cephalosporins and gentamicin as well as in multidrug 

resistance, while a decreasing trend was seen towards 

AM and unchanged towards CIP, IMP and to N (Table 

3). Compared to children older than 1 month, newborns 

had similar (AMP; TMP-SMZ, CIP, IMP and N) or higher 

degree of antibacterial resistance (CEP, CX, CTX and mul-

tidrug resistance during early, and CEF, GN and AM during 

whole study period) (Table 3). ESBL (+) was more common 

in the late than in early period (Table 1).

DISCUSSION

The prevalence of the resistance to specific antibiotics is 

highly variable in different populations and in different 

countries [13-28]. In general, in poor and undeveloped 

countries overall prevalence of antimicrobial resistance 

is notably high, reflecting irrational and inordinate use 

of anti-microbial agents [29, 30]. Bacterial resistance of 

uropathogens in the paediatric population in Serbia has 

been regularly monitored [31, 32, 33]. Herein, we com-

pared the trend of the bacterial resistance prevalence over 

a recent 5-year period in newborns compared to that in 

young children with the first acute pyelonephritis. The 

increased number of young children with acute pyelone-

phritis during the later study period may be explained by 

its better diagnosis due to the improved education of pae-

diatricians [32], as well as by an enlarged bed capacity of 

nephrology service from 2008.

The predominance of E. coli among uropathogens in our 

study is in agreement with many other paediatric studies 

[28-31, 33-38]. Also, a high resistance to ampicillin (>80%) 

is not surprising based on epidemiological studies from 

elsewhere [10, 15, 31-34]. According to these results, ampi-

cillin should not be used alone for the empirical treat-

ment of paediatric UTIs. The resistance towards TMP/

SMX (about 50%) is similar to that in Turkey [37], Greece 

[26], England [38], Belgium [36] and Taiwan [30], but less 

common than in Cambodia [33], Central African Republic 

[34] and Pakistan [39]. Thus, the use of TMP-SMZ as a 

single agent for empiric treatment of paediatric UTI would 

not cover half of the uropathogens. The resistance to gen-

tamicin and amikacin was higher in newborns than in 

young children to whom amikacin remained suitable for 

empiric treatment of acute pyelonephritis. None of the 

isolates was found to be resistant to imipenem. However, 

this drug should be reserved only in the most severe forms 

of illness caused by multi-drug resistant uropathogens.

In general, we observed a strikingly increasing trend 

for ESBL (+) and for multi-drug-resistant uropathogens 

during the late study period compared to the early period. 

These findings were even worse in the newborns than in 

older children. Multi-drug-resistance was most common 

among ESBL (+) uropathogens. This can be explained by 

the fact that the resistance towards beta–lactam drugs usu-

ally extends to other classes of antibiotics through resist-

ance genes carried on the same plasmids.

The increased resistance rate found in our study cannot 

be attributed to either more sensitive methods of detection 

of resistant strains (as identification methods remained the 

same throughout the study period), to incidental spread of 

hospital-resistant organisms at a certain time (as UTI in our 

patients was mainly community acquired) or to a greater 

frequency of urinary tract anomalies reported by other 

authors [13, 15]. The increased uropathogen resistance 

trend demonstrated by our current study could be linked 

to non-restricted use of antibiotics in Serbia by physicians 

as well as to high degree of self medication in population.

Our analysis has some limitations. The first one is the 

retrospective design of the study. Also, sterile bags or mid-

stream clean catch urine is not the method of choice to 

obtain sterile urine in infants and children. Nevertheless, 

urine samples were obtained in hospital by health care 

personnel and the collections of data as well as the labora-

tory methods were consistent through the study period. 

Therefore, the increasing evolution of the antibacterial 

resistance over this five-year period should represent the 

Table 3. Antibiotic in vitro resistance

Antibacterial drugs

2005–2007
(n=136)

2008–2009
(n=275) 2005–2007

(n=136)
2008–2009

(n=275)
p (2005–2007 
vs 2008–2009)Group I

(n=50)
Group II
(n=86)

p
Group I
(n=67)

Group II
(n=208)

p

Ampicillin 83.3 87.2 NS 86.6 89.8 NS 85.8 98.0 NS

TMP-SMZ 37.8 38.9 NS 57.1 59.7 NS 38.5 59.2 <0.001

Cephalexin 46.8 22.1 <0.05 71.0 68.8 NS 30.8 69.3 <0.001

Cephrtiaxone 46.8 21.3 <0.05 71.0 65.8 NS 34.0 67.0 <0.001

Cefotaxime 46.8 12.1 <0.001 71.0 62.9 NS 26.5 65.0 <0.001

Ceftazidime 43.5 20.5 <0.05 70.5 40.9 <0.05 42.6 62.7 <0.05

Gentamicin 61.7 17.4 <0.001 72.6 51.5 <0.005 33.1 56.3 <0.001

Amikacin 36.2 4.6 <0.001 21.0 4.0 <0.001 17.9 8.5 <0.05

Ciprofloxacin 0 1.5 NS 0 1.2 NS 0.9 0.9 NS

Imipenem 0 0 NS 0 1.0 NS 0 0 NS

Nalidixic acid 11.4 0 <0.01 11.3 2.9 <0.05 4.4 5.2 NS

Multidrug resistance 32.0 8.1 <0.001 44.8 44.7 NS 16.9 44.7 <0.01



182

doi: 10.2298/SARH1204179P

Peco-Antić A. et al. Antibiotic Resistance of Uropathogens in Newborns and Young Children with Acute Pyelonephritis

general trend among urinary tract pathogens in children 

with first UTI treated at a key paediatric centre in Serbia.

CONCLUSION

Our study has demonstrated the progressive increase in 

anti-microbial resistance in children with first UTI in 

Serbia during the period 2005-2009. High prevalence rate 

of ESBL (+) uropathogens and multi-drug-resistance in 

children, especially in the newborns is of great concern. 

Further studies are needed to follow regional and time 

trends as well as to develop effective methods to limit 

increasing multi-drug resistance. 

ACKNOWLEDGEMENT

The study was supported by the Ministry of Education and 

Science, Government of Serbia, grant no. 175079.

REFERENCES

1. Winberg J, Anderson HJ, Bergström T, Jacobsson B, Learson H, 
Lincoin K. Epidemiology of symptomatic urinary tract infection in 
childhood. Acta Paediatr Scand Suppl. 1974; (252):1-20.

2. Hellström A, Hanson E, Hansson S, Hjalmas K, Jodal U. Association 
between urinary symptoms at 7 years old and previous urinary 
tract infection. Arch Dis Child. 1991; 66:232-4.

3. Marild S, Jodal U. Incidence rate of first-time symptomatic urinary 
tract infection in children under 6 years of age. Acta Paediatr. 1998; 
87:549-52.

4. Drew JH, Acton CM. Radiological findings in newborn infants with 
urinary tract infection. Arch Dis Child. 1976; 51:628-30.

5. Littlewood JM. 66 infants with urinary tract infection in first month 
of life. Arch Dis Child. 1972; 47:218-26.

6. American Academy of Pediatrics. Practice Parameter: The Diagnosis, 
Treatment, and Evaluation of the Initial Urinary Tract Infection in 
Febrile Infants and Young Children. Committee on Quality 
Improvement. Subcommittee on Urinary Tract Infection. Pediatrics. 
1999; 103:843-52.

7. Doganis D, Siafas K, Mavrikou M, Issaris G, Matrirosova A, Perperidis 
G, et al. Does early treatment of urinary tract infection prevent 
renal damage? Pediatrics. 2007; 120:e922-8.

8. Goulthard MC, Veber I, Jani JC, Lawson CA, Stuart CA, Sharma V, et 
al. Can prompt treatment of childhood UTI prevent kidney 
scarring? Pediatr Nephrol. 2009; 24:2059-63.

9. Groupe Suisse de Travel de Néphrologie pédiatrique. Traitements 
des infections urinaries chez l’enfant: recommendations du Groupe 
Suisse de Travail de Néphrologie pédiatrique. Paediatrica. 2001; 
12:10-5.

10. Prelog M, Schiefecker D, Fille M, Wuryner R, Brunner A, 
Zimmerhackl LB. Febrile urinary tract infection in children: 
ampicillin and trimethoprim insufficient as empiric mono-therapy. 
Pediatr Nephrol. 2008; 23:597-602.

11. Fritzsche M, Ammann RA, Droz S, Bianchetti MG, Aebi C. Changes in 
antmicrobial resistance of Escherichia coli causing urinary tract 
infections in hospitaized children. Eur J Clin Microbial Infect Dis. 
2005; 24:233-5.

12. Clinical and Laboratory Standards Institute. Performance Standards 
for Antimicrobial Susceptibility Testing; Seventeenth Informational 
Supplement. CLSI document. Wayne, Pennsylvania: Clinical and 
Laboratory Standards Institute; 2007.

13. Topaloglu R, Er I, Dogan BG, Bilginer Y, Ozaltin F, Besbas N, et al. Risk 
factors in community-acquired urinary tract infections caused by 
ESBL-producing bacteria in children. Pediatr Nephrol. 2010; 
25:919-25.

14. Erb A, Stürmer T, Marre R, Brenner H. Prevalence of antibiotic 
resistance in Escherichia coli: overview of geographical, temporal, 
and methodological variations. Eur J Clin Microbiol Infect Dis. 2007; 
26(2):83-90.

15. Borsari AG, Bucher B, Brazzola P, Simonetti GD, Dolina M, Bianchetti 
MG. Susceptibility of Escherichia coli strains isolated from 
outpatient children with community-acquired urinary tract 
infection in Southern Switzerland. Clin Ther. 2008; 30:2090-5.

16. Mantadakis E, Tsalkidis A, Panopoulou M, Pagkalis S, Tripsianis G, 
Falgas M, et al. Antimicrobial supportability of uropathogens in 
Thrace, Greece. Int Urol Nephrol. 2011; 43(2):549-55.

17. Ladhani S, Gransden W. Increasing antibiotic resistance among 
urinary tract isolates. Arch Dis Child. 2003; 88:444-5.

18. Abelson Storby K, Osterlund A, Kahlmeter G. Antimicrobial 

resistance in Escherichia coli in urine samples from children and 
adults: a 12 year analysis. Acta Paediatr. 2004; 93:487-91.

19. Al-Harthi AA, Al-Fifi SH. Antibiotic resistance pattern and empirical 
therapy for urinary tract infections in children. Saudi Med J. 2008; 
29:854-85.

20. Al-Mugeiren MM, Qadri SM. Bacteriologic profile and drug 
resistance in pediatric patients with symptomatic bacteriuria. Clin 
Ther. 1996; 18:295-300.

21. Allen UD, MacDonald N, Fuite L, Chan F, Stephens D. Risk factors for 
resistance to „first-line” antimicrobials among urinary tract isolates 
of Escherichia coli in children. CMAJ. 1999; 160:1436-440.

22. Goldraich NP, Manfroi A. Febrile urinary tract infection: Escherichia 
coli susceptibility to oral antimicrobials. Pediatr Nephrol. 2002; 
17:173-6.

23. Haller M, Brandis M, Berner R. Antibiotic resistance of urinary tract 
pathogens and rationale for empirical intravenous therapy. Pediatr 
Nephrol. 2004; 19:982-6.

24. Lutter SA, Currie ML, Mitz LB, Greenbaum LA. Antibiotic resistance 
patterns in children hospitalized for urinary tract infections. Arch 
Pediatr Adolesc Med. 2005; 159:924-8.

25. McLoughlin TG Jr, Joseph MM. Antibiotic resistance patterns of 
uropathogens in pediatric emergency department patients Acad 
Emerg Med. 2003; 10:347-51.

26. Anatoliotaki M, Galanakis E, Schinaki A, Stefanaki S, Mavrokosta M, 
Tsilimigaki A. Antimicrobial resistance of urinary tract pathogens in 
children in Crete, Greece. Scand J Infect Dis. 2007; 39:671-5.

27. Al- Mardeni RJ, Bataresh A, Omaish L, Shraideh M, Bataresh B, Unis 
N. Empiric treatment for pediatric urinary tract infection and 
resistance patterns of uropathogens in Queen Alia Hospital and 
Prince A’Isha Military Center, Jordan. Saudi J Kidney Transplant. 
2009; 20:135-9.

28. Sahm DF, Thorensberry C, Mayfield DC, Jones ME, Karlowsky JA. 
Multidrug resistance urinary tract isolates of Escherichia coli: 
prevalence and patient demographic in the United States in 2000. 
Antimicrob Agents Chemother. 2001; 45:1402-6.

29. Bitsori M, Maraki S, Kalmanti M, Galanakis E. Resistance against 
broad-spectrum beta-lactams among uropathogens in children. 
Pediatr Nephrol. 2009; 24(12):2381-6.

30. Tseng MH, Lo WT, Lin WJ, Teng CS, Chu ML, Wang CC. Changing 
trend in antimicrobial resistance of pediatric uropathogens in 
Taiwan. Pediatric Internatonal. 2008; 50:797-800.

31. Stojanović V, Milošević B. Resistance of Escherichia coli, the most 
frequent cause of urinary tract infection in children, to antibiotics. 
Med Pregl. 2010; 63:109-12.

32. Bogdanović R. Urinary tract infections: guidelines for diagnosis, 
treatment and evaluation. X course of Pediatric School of Serbia. In: 
Serbian Pediatric Association. Proceedings. Belgrade: Planeta print; 
2007. p.163-74.

33. Ruppa E, Hem S, Lath S, Gautier V, Ariey F, Sarthou JL, et al. CTX-M 
I2-lactamases in Escherichia coli from Community-acquired Urinary 
tract infections, Cambodia. Emerg Infect Dis. 2009; 15:741-8.

34. Bercion R, Mossorokpinde D, Manirakiza A, La Faou A. Increasing 
prevalence of antimicrobial resistance among Enterobacteriaceae 
uropathogens in Bangui, Central African Republic. J Infect 
Developing Countries. 2009; 3:187-90.

35. Suman E, Bhat KG. Urinary tract infection in children due to 
drug-resistant bacteria – a study from south India. J Trop Pediatr. 
2001; 47:374-5.



183

www.srp-arh.rs

Srp Arh Celok Lek. 2012;140(3-4):179-183

36. Ismaili K, Lolin K, Damry N, Alexander M, Lepage O, Hall M. Febrile 
urinary tract infections in 0- to 3-month old infants: A prospective 
follow-up study. J Pediatr. 2011; 158(1):69-72.

37. Catal F, Bavbek N, Bayrak O, Odemis E, Uz E. Antimicrobial resistance 
patterns of urinary tract pathogens and rationale for empiric 
therapy in Turkish children for the years 2000–2006. Int Urol 
Nephrol. 2009; 42:953-7.

38. Bean DC, Krahe D, Wareham DW. Antimicrobial resistance in 
community and nosocomial Escherichia coli urinary isolates, 
London 2005–2006. Ann Clin Antimicrob. 2008; 7:13-20.

39. Thaver D, Ali SA, Zaidi AK. Antimicrobial resistance among neonatal 
pathogens in developing countries. Pediatr Infect Dis J. 2009; 
28:S19-21.

КРАТАК САДРЖАЈ
Увод Ин фек ци ја ури нар ног трак та је че ста у де тињ ству. У за-
ви сно сти од ме ста ин фек ци је, ја чи не ње не кли нич ке сли ке и 
мо гу ћих акут них и ду го роч них ком пли ка ци ја, она се опи су је 
као акут ни ци сти тис или акут ни пи је ло не фри тис.
Циљ ра да Циљ ра да био је да ис пи та ре зи стен ци ја ури нар-
них бак те ри ја то ком пет го ди на код но во ро ђен ча ди и ма ле 
де це обо ле ле од акут ног пи је ло не фри ти са.
Ме то де ра да Ре тро спек тив но је ана ли зи ра на ре зи стен ци ја 
уро па то ге них бак те ри ја на ан ти бак те риј ске ле ко ве (ам пи ци-
лин, ком би на ци ју сул фо ме ток са зо ла и три ме то при ма, це фа-
лек си на, це фтри ак со на, це фо так си ма, цеф та зи ди ма, ген та-
ми ци на, ами ка ци на, ци про флок са ци на, ими пе не ма и на ли-
дик сич не ки се ли не) код но во ро ђен ча ди и ма ле де це то ком 
ра ног (2005–2007) и ка сни јег (2008–2009) сту диј ског пе ри о-
да. За од ре ђи ва ње ан ти бак те риј ске сен зи тив но сти у ури ну 
ко ри шће на је стан дард на диск-ди фу зи о на ме то да.
Ре зул та ти Укуп но 117 но во ро ђен ча ди и 294 ма ла де те та уз-

ра ста 9,3±0,7 ме се ци ле че но је то ком ра ног (136 бо ле сни ка) 
и ка сног (275 бо ле сни ка) сту диј ског пе ри о да. Esche ric hia co li 
је би ла нај че шћи узроч ник ин фек ци је у оба пе ри о да (85,5%). 
У од но су на де цу ста ри ју од ме сец да на, код но во ро ђен ча-
ди је утвр ђен ве ћи сте пен ан ти бак те риј ске ре зи стен ци је на 
це фа ло спо ри не дру ге и тре ће ге не ра ци је, ами но гли ко зи де 
и на ли дик сич ну ки се ли ну за вре ме ра ног сту диј ског пе ри-
о да, а на цеф та зи дим, ами но гли ко зи де и на ли дик сич ну ки-
се ли ну то ком ка сни јег пе ри о да ис пи ти ва ња. Ре зи стен ци ја 
на не ко ли ко ле ко ва би ла је та ко ђе че шћа код но во ро ђен-
ча ди у ра ном сту диј ском пе ри о ду.
За кљу чак Код но во ро ђен ча ди је ве ћи сте пен ан ти бак те риј-
ске ре зи стен ци је не го код де це ста ри је од ме сец да на. За-
бри ња ва, ме ђу тим, по ве ћа ње уче ста ло сти ан ти бак те риј ске 
ре зи стен ци је код де це с пр вим акут ним пи је ло не фри ти сом.

Кључ не ре чи: ан ти ми кроб ни ле ко ви; ин фек ци ја ури нар-
ног трак та; Esche ric hia co li; бак те риј ска ре зи стен ци ја; де ца
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