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Aim: To investigate the distribution and antimicrobial resistance in urinary tract pathogens,
primarily Escherichia coli in two age groups, childres2 y and adults 18-50y, over a period of
12y. Methods:From the database of the microbiological laboratory all urinary tract culture data
were extracted and structured according to date, patient age, bacteriological findings, antimicrobial
susceptibility results and sample type. Statistical longitudinal analysis of bacteriological findings
and antimicrobial resistance trends in the two age groups were perfofResullts: Statistical
significance was obtained for the following resul&scherichia coliwas the most common
pathogen in both age groups and irrespective of sample tyge. d¢oli resistance to ampicillin and
trimethoprim was higher in children than in adults and increased over time in both age groups.
Resistance to fluoroquinolones was higher in adults than in children and increased over time in
both groups. Resistance to pivmecillinam, cefadroxil and nitrofurantoin was below 2% in 2001 in
both age groups.

Conclusion:The steadily increasing and now hidh coli resistance levels in children to ampi-
cillin and trimethoprim render empirical therapy with these drugs doubtful. The stable and low
levels of resistance to pivmecillinam, cefadroxil and nitrofuranteiri2% in 2001) make these
drugs reasonable alternatives in uncomplicated lower urinary tract infections.
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Urinary tract infections (UTI) in children, both cystitisnitrofurantoin, whereas adults with uncomplicated
and pyelonephritis, are common infections in all agdTl in most cases receive pivmecillinam, trimethoprim
groups. Several population-based investigations study-a fluoroquinolone.
ing the incidence of UTI have been performed in The development of antimicrobial resistanceBn
Sweden. In a national multicentre study from the 199@wli from UTIs is well documented (5-7). However, no
the minimum cumulative incidence at the age of 2 y watetailed comparison of rates or trends in children and
2.2% in boys and 2.1% in girls (1). adults could be found. The aim of this study was to
Pyelonephritis in children may cause irreversiblawvestigate the development of antimicrobial resistance
kidney damage in the form of focal renal scarring anich UTI pathogens in children and adults over a long
progressive renal disease (2). Delayed diagnosis andderiod. A time-series analysis of the period 1990-2001
inadequate treatment increase the risk of sequelae. Wes conducted, comparing children aged 0-2y and
development of antimicrobial resistance increases thdults aged 18-50y.
risk of inadequate treatment.
It is difficult to obtain adequate urine samples in
young children not yet in control of bladder function\Material and methods
“Bag urine” often yields false-positive cultures (3) and .
suprapubic aspiration is considered the gold standapéHdy design
for urine sampling, but is cumbersome (4). Midstrearhis study is a retrospective, longitudinal analysis of
samples are only possible in older children. bacteria isolated from urinary tract cultures performed
Escherichia colis the most common cause of UTI inin Kronoberg county, Sweden, during the period 1990—
both adults and children. In Sweden most children witt001. The study presents species distributions and
fever and suspected UTI are initially treated witlantimicrobial resistance development during the study
trimethoprim—sulfamethoxazole, children with susperiod. All patients, irrespective of clinical symptoms
pected cystitis most often receive trimethoprim oand signs or mode of urine collection, in the age groups

00 2004 Taylor & Francis. ISSN 0803-5253 DOI 10.1080/08035250410023034



488 K Abelson Storby et al. ACTA PZDIATR 93 (2004)

0-2 and 18-50y old on whom urinary tract culturewas performed foE. coli for the age groups 0-2 y and
were performed in the period 1990-2001 were included-50y. The number of isolates of other bacteria did
to the analysis. not permit age-related analysis.

Within each year repeat positive cultures were
excluded, i.e. the patient was not allowed into thgtatistics

analysis with the same species in a urinary tract cultufg,q y>-test was used to test for statistical significance.

more than once per year. Linear regression analysis was used for the analysis of
) year versus resistance rate and comparison of resistance

Urinary tract cultures development rate in the two age groups (statistical

Urine samples were either freshly voided midstreaspftware SPSS version 11.0; SPSS, Sweden).

urine samples (adults), or collected in adhesive bags

(bag urine) from infants and small children or obtained

as bladder punctures via suprapubic aspiration. Cultur@esults

were quantified as the number of colony-forming uni

(cfu) per litre: <10°, >10° to <1C®, or >1C® cfulL.

Urine samples were classified as positive or negative

accordance with the guidelines for testing issued by t

Infectious Disease Society of America (8).

t‘?he distribution of uropathogenic bacteria for the two
e groups is shown in Table E. coli was the most
mmon species in both age groups during the two
riods.

A comparison between the species distributions in
L urine obtained through bladder puncture and bag urine
Identification in the age group 02y is shown in TableR2.coli was
All bacteria occurring in urine samples atl0° cfu/L  the most common species in both sample types, but was
were identified by their biochemical reaction profilesignificantly more dominant in bladder puncture urine.
Bacteria occurring ak10° cfu/L were not speciated. Bag urine more often yielded bacteria of doubtful
The following bacteria were classified as primarglinical significance (coagulase-negative staphylococci
uropathogensE. coli, Staphylococcus saprophyticusand enterococci).
and secondary uropathogendebsiella spp., Proteus Figure 1 shows the yearly antimicrobial resistance
spp.,Enterobacteispp.,Citrobacterspp.,Enterococcus rates during 12y from 1990-2001 in children aged
spp.,Staphylococcus aurewdPseudomonas aerugi-0-2y and in adults aged 18-50y. Resistance to

nosa ampicillin, trimethoprim and fluoroquinolones in-
creased in both children and adults. The increase in
Antimicrobial susceptibility testing resistance to ampicillin and trimethoprim in children

IQreceded the increase in adults by Zu=(0.055) and
?g (p=10.001), respectively. For fluoroquinolones the

Swedish Reference Group on Antibiotics (SRGA) (9 s\ggﬁg]eeinr;[ g;”rgrselitance in adults seemed to precede
The medium used was Isosensitest agar (ISA; Oxoi(f :

. P - Decreasing resistance was registered in children to
Basingstoke, UK). Inhibition zone diameters were. . . ,
measured to the nearest millimetre with a slide gaug%l)trofurantom 0<0.046) and in adults to cefadroxil

; : ) < 0.007). Resistance to mecillinam was low and
E. coli ATCC 25922 andb. aeruginosaATCC 27853 %able over the 12y in both adults and children. The

were used as quality-control strains. Test results wet

only accepted if the inhibition zone diameters of the

control strains were within performance_z range. _Table 1.Species distribution in children (0-2 y) and adults (18-50)
Enterobacteriaceae were tested against the followiBging 1990-1993 and 1998-2001.

antimicrobial agents: ampicillin, pivmecillinam, cefa-

The antimicrobial susceptibility of bacteria was dete
mined using the disc diffusion method as described

droxil, trimethoprim, a fluoroquinolone and nitrofur- Children 0-2y Adults 18-50y
antoin. Breakpoint values for qualitative interpretation 1990-19931998—20011990—19931998—2001
were based on the recommendations of SRGA (9). species (N=1014) (n=584) (n=4671) (n=4110)

All zone diameters were measured, stored in the

database and retrieved for analysis in the present stuEﬁggﬂ%@fugoggeca"jgﬁ gg:gg o8 g?ég 695_‘3 g;g 753)_‘; gégg

Proteus mirabilis 7.2(45.1) 6.7 ¢£7.8) 3.8 (£2.8) 2.7 ¢3.0)
Data presentation Proteus vulgaris 24 (*6.0) 0.3@8.1) 0.2¢2.8) 0.1&3.1)

o . . Klebsiella pneumoniae5.2 +6.0) 4.1 ¢8.0) 3.3 (2.8) 3.2 (3.0)
The distribution of species for two aggregated 4 Wiebsiella oxytica 4.3 6.1) 2.4 (£8.0) 0.6 2.9) 0.7 ¢3.1)
periods (1990-1993 and 1998-2001) in the age grougsphylococcus aureus8.5 (£6.0) 1.4 (:8.0) 2.8 ¢2.9) 1.4 (£3.1)
0-2 and 18-50y old are presented. A comparison of thi&phylococcus 02@6.1) 0O 9.6 £2.7) 8.9 (2.9)
distributions of species in urine between bladder_s""‘pmphy“Cus
puncture and bag urine is presented. Serial analySiata are shown as percentages (confidence interval in parentheses,
and presentation of antimicrobial resistance frequenciggn as+1.96 x SE).
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Table 2. Distribution of uropathogens in urinary tract culturessuprapubic bladder puncture technique should be used
obtained through bladder puncture and bag urine from children 0-2)qre often (10), as it prevents false-positive cultures
old during 1990-2001. with ensuing unnecessary investigations and irrelevant

Bladder antibiotic treatment.

puncture Bag urine ~ As shown in Table 1, the proportion d. coli

(n=222) (n=610) p increased between the earlier and later years of the
Primary and secondary uropathogens period in both children and adults. This was primarily
Escherichia coli 78.4 477 <0001 due to the change in the criteria for interpreting the
Enterococcus faecalis 36 108  =0.002 results of urine cultures which was instituted between
PIfOtel_JS”m'fab'“S _ 3.6 48 =058 the early and late part of the study: coli 10° cfu/L was
Klebsiella pneumoniae 3.2 41 =069 considered of no significance in the early part of the
Klebsiella oxytica 2.7 2.6 =0.869 . . . AR . .
Pseudomonas aeruginosa 0.5 36 =0030 Investigation but of significance in the latter period.
Others 8.1 6.4  =0.482 Antimicrobial resistance irE. coli is increasing in
Subtotal 94.6 80.0 Sweden and internationally (5—7). In some European
Doubtful uropathogens ' countries resistance to ampicillin and sulfamethoxazole
Coagulase-negative staphylococci 3.2 17.7<0.001 jn E. coli is close to 50% and to trimethoprim and
oneptococeus agalactiae Iy 05 37 trimethoprim—sulfamethoxazole 25%. Resistance to
Subtotal 5.4 20.0 antimicrobial agents used only in UTI (pivmecillinam,
Total 100 100 nitrofurantoin, fosfomycin) seems to be less of a

problem than resistance to other antimicrobials (ami-
nopenicillins,  trimethoprim,  trimethoprim—sulfa-
methoxazole and fluoroquinolones) (6).
isolation frequency of other pathogens was too low tg !N 1990 the Swedish Medicines Agency published 6~
permit analysis of antimicrobial resistance in the twg”0_trimethoprim resistance i&. coli, but made no
age groups. In childrer2 y only 58Proteus mirabilis  distinction between children and adults (13). In another
57 Klebsiellaspp. and 11Enterococcus faecaliwere Study from the same year trimethoprim resistance.in
isolated during 1998—2001. coli from children with their first pyelonephritis was
found to be 19% (14). In 1993-1995, in a quality-
assurance project initiated by the Swedish Association
; ; of Paediatric Nephrolog)g. coliin children below the
Discussion age of 2y exhibited trimethoprim resistance of 11%
As expectedE. coliwas the most common bacterium in(pers commun with the authors of Ref. 10).
urine samples from children and aduls. coli was The Swedish Reference Group of Antibiotics and its
significantly more common in urine from adults than isubcommittee on methodology (SRGA and SRGA-M),
urine from children, which can probably be explainetbgether with the Swedish Institute for Infectious
by the difficulties in obtaining high-quality urine Disease Control, have performed nationwide antimi-
samples from children. In the recently publishedrobial resistance surveillance i coli since the early
ECO-sens survey of uncomplicated UTIs in women ih990s. Resistance to ampicillin has increased from 15 to
16 European countries and Canada E)coli was the 20%, to trimethoprim from 10 to 15% and to fluor-
most common pathogen in all countries and constitutedjuinolones from<1 to 5%, whereas resistance to
77% of all pathogens. In a recent Swedish qualitypivmecillinam, cefadroxil and nitrofurantoin have
assurance project (10) concerning UTIs in childreremained <3% for many years. These results are
below the age of 2yE. coli was the most common available on the Internet (9). The present study showed
pathogen in boys (79%) and girls (89%) (pers commua gradual increase in the resistance to ampicillin,
with the authors of Ref. 10). The present studirimethoprim and fluoroquinolones from 1990 to 2001
comprised all urine cultures irrespective of clinicain both adults and children. In 2001 trimethoprim
background, which may explain why. coli was less resistance in young children in this study was 17%.
dominant in this material than in dedicated prospectiv@hildren with their first acute pyelonephritis are found
materials. in this age group. By mechanisms of cross-resistance
The significant difference in quality between urin@nd associated resistandg, coli with resistance to
obtained from small children through suprapubitrimethoprim are prone to be resistant to a large number
bladder puncture (significantly mot. coli and less of other drugs (15), including trimethoprim—sulfa-
coagulase-negative staphylococci and enterococci) améthoxazole, ampicillin, ampicillin—clavulanic acid
bag urine speaks against the use of bag urine aadd fluoroquinolones, making the blind choice of
emphasizes the caution needed in the interpretationeffective therapy in complicated UTIs in children
the bacteriological results of a procedure that Wifficult. For hospitalized patients the use of third
regularly contaminated by the periurethral flora (11peneration cefalosporins, carbapenems and aminogly-
This is in accordance with previous results (3, 12). Thepsides still carries a1% risk of resistance ik. coli.

Data are shown as percentages.
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Fig. 1. Antimicrobial resistance development (%, 95% confidence intervésaherichia colin children (0-2 y) and adults (18-50 y) during
1990-2001. For each of the curves the statistical probability for a significant positive and negative trend has been calculated. Trimethoprim for
positive trend in childrenp=0.001 and adult=0.004. Ampicillin for positive trend in childrepp=0.009 and adultg=0.005.
Fluoroquinolone for positive trend in childrgr= 0.038 and adultp < 0.001. Mecillinam for negative trend in childrgr= 0.439 and adults
p=0.069. Cefadroxil for negative trend in childrprr 0.457 and adultp = 0.007. Nitrofurantoin for negative trend in childrps 0.046 and
adultsp=0.088.
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For non-hospitalized patients the choice of an active diagnostic rate of first urinary tract infection. Pediatrics 1999;
oral cephalosporin or a fluoroquinolone are the onIy2 \1/\(/);:1:b2e$2_§ Bollaren | Kienius G. Mdlby R. Svenson S
chqlces W.Ith<5% ”Sk. of resistance. qu npn-febrlle CIinicaIgpyéloneghritis ,and focal re,nal scgrrin’g. Paediatr Clin
patients with uncomplicated UTI the choice is between North Am 1982: 29: 801-14
pivmecillinam, nitrofurantoin or an oral cefalosporin 3. wettergren B, Jodal U, Jonasson G. Epidemiology of bacteriuria
with <5% risk of resistance and trimethoprim with ggring the first year of life. Acta Paediatr Scand 1985; 74: 925—
resistance of 17% and seemingly increasing. 4. Jodal U. Suprapubic aspiration of urine in the diagnosis of
The,faCt that r.eS'Stance to plvaCIIIInam, cefadroxil urinary tract iﬁfe(F:)tion in ir?fants. Acta Paediatr 2002; 9g1: 497-8
and nitrofurantoin decreased during the 12y study. swedish Antimicrobial Resistance Surveillance Programme.
period is quite remarkable. There is no evidence of a http:/iwww.srga.org/eucastwt/WEUCAST.htm
clonal shift amongE. coli in the early 1990s, but the & BT, B A0 e o om uncomplicated urinary ac
trends shov_vn in this study are Sque.suve' infectigns: t%,e ECpO-ser?s project. J Antimi(F:)rob Chemothe¥ 2003;
Fluoroguinolones may be considered a reserve s9. g9_7¢
alternative in children with difficult-to-treat infections. 7. Runehagen R, Kahimeter G. A 10-year study of the consumption
With this in mind it is of concern that fluoroquinolone of quinolones, trimethoprim and mecillinam in relation to the

resistance irE. liis incr ina rapidlv in Eur in development of antimicrobial resistance in a large number of
esistance coli is increasing rapidly Urope, species. Poster 417. ECCMID, Milan, Italy 2002

9
some areas to levels above 10% (6)'_ and slowly blg. Warren JW, Abrutyn E, Hebel JR, Johnson JR, Schaffer AJ,
steadily in Sweden (5, 7, 16, 17). In this study, fluoro-" stamm WE. Guidelines for antimicrobial treatment of uncom-
qguinolone resistance increased in both adults and plicated acute bacterial cystitis and acute pyelonephritis in

children, but most markedly in adults (from O to 3% women. Clin Infect Dis 1999; 29: 745-58
over the study period). 9. Swedish Reference Group of Antibiotics. Antimicrobial suscept-

S . . . ibility testing in Sweden. Scand J Infect Dis 1997; Suppl 105: 5-
E. coli with resistance to trimethoprim has been él"uypdatésgo'n ht\%://www.srga.org ! upp

shown to spread within families (18). It is thus reasono. Hansson S, Bollgren |, Esbjeer E, Jakobsson B, Wi S.
able to assume that antimicrobial resistancE.igoliis Urinary tract infections in children below two years of age: a
to some extent dependent on cross-infection. The Ievelsgug“g’ assurance project in Sweden. Acta Paediatr 1999; 88:
of resistance inE. coli in children and adults in the ;; Schlager TA, Hendley JO, Dudley SM, Hayden GF, Lohr JA.
present study and the time sequence of the trends Ofgxplanation for false-positive urine cultures obtained by bag
resistance development indicate that trimethoprim and technique. Arch Pediatr Adolesc Med 1995; 149: 170-3
ampicillin resistance “leaks” from children to adults}2. Al-Orifi F, McGillivray D, Tange S, Kramer MS. Urine culture
whereas fluoroquinolone resistance leaks in the oppositegog‘. Eagosggc'lnggngz'q young children: are the risks too high? J
. ! A . o . ediatr ; : —
0_'”90“0”- The_ Sl_gnlfIC_ance of mtra_famlllal.cross—lnfecn L&emedelsverket. Behandling av urigsinfektion. Informa-
tion of antibiotic-resistantE. coli remains to be  tion fran Lakemedelsverket; 1990: 1
elucidated. 14. Bollgren 1, Fogstim B, Myrbéck CE. Ckar resistensen mot
In conclusion, the present study Covering 12 ﬁ)f trimetoprim—sulfonamid? Uaartidningen 1991, 88: 212

; ; ; ; _ 5. Kahimeter G, Menday P. Cross-resistance and associated
coli from urinary samples in children aged 0-2y ani'j resistance in 247&scherichia colifrom the pan-European

adults aged 18-50y, has shown increasing resistance t0=co-seNs project surveying the antimicrobial susceptibility of

ampicillin, trimethoprim and fluoroquinolone in adults  pathogens from uncomplicated urinary tract infections. J Anti-

and children, with higher levels of resistance to microb Chemother 2003: in press _

ampicillin and trimethoprim in children and highert6- Osterlund  Osson-Liljequist B. Fluororesistens hos humanpa-
. . . . togena akterier. u resistensutvec Ing .coli aven i

levels of fluoroquinolone resistance in adults. Resis- Sverige. Lartidningen 1999; 96: 1965-6

tance to pivmecillinam, nitrofurantoin z_:md cefadroxih7. Farra A, Skoog G, Wallen L, Kahimeter G, Kronvall Gyiserg

remained low throughout the 12y period. The study M. Swebact Study Group. Antibiotic use abcherichia coli

confirmed that suprapubic bladder puncture is superior resistance trends for quinolones and cotrimoxazole in Sweden.

; ; Scand J Infect Dis 2002; 34: 449-55
to bag urine for urine culture and that the results % Rydberg J, Cederberg Mntrafamilial spreading oEscherichia

culturing bag urine may be directly misleading. coli resistant to trimethoprim. Scand J Infect Dis 1986; 18: 457—
60
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