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Introduction

1. Theurinary tract makesand storesurine and s
made up of the kidneys,ureters, bladder, and i< in children
urethra. Theterm “ ur | maetn yn f e cot
“ U TiduSedwhena childhastypical symptoms
and urine culture shows significant growth of
germs(bacteria),usuallyof a singletype.

2. Thegermsenter into urinary tract and kidneys
from the skin around the rectum and genitals
or through the bloodstreamfrom other parts of
the body. UTlsare more commonin girlsthan in
boys A I A Nufetfra is short so bacteria can
easilygetinto the bladder.



Introduction

1. Dislikethe adult population,UTlin pediatric patientsaccountsfor acute morbidity and chronicmedical
conditionssuchashypertensionand renal failure in adulthood

2. Some factors can affect the incidence of UTI among children Factors like; age, gender, race,
circumcisionstatus (in boys),immune systemstatus, and generalhealth. For example in developed
countries,white girlsare more likely to haveUTIsthan other races

3. Studieshaveshownthe possibilityof UTlin circumcisedooysis lower than uncircumcisedin the first
eightyearsof life.

4. Acutepyelonephritis(febrile UTIs) one of the mostcommonseriousbacterialinfectionsin childrenand
hasa highprevalenceamongboysandgirls (2-24 months)

5. However,non-febrile UTlsare commonin girlswho are olderthan 3 yearsof age



Introduction

1. Most UTlIshappenin the lower part of the  grvrgTzmm yymptoms and signs
urinary tract (infection of bladderurethra) Eetver
especiallyin young children, it may also e
travel up the draining tubes (ureters) to I?f?gts S TR Xg;mt".]g o
involvethe kidneys(pyelonephritis) (AL - Om‘f‘ampa“?
_ _ _ oor weight gain
2. In infants and young children, it can be Frequency
children cannot easily communicatehow  2delescents LEReEY
Frequency

they feel. . .
Abdominal or flank pain

3. The ability to empty the bladder is the
most important mechanism against an
Infection; therefore, obstructionto normal

[IJO-I-VY of urine predisposeschildren to a Colony count of >10%/ml of a single species in a

midstream clean-catch sample.®

Significant bacteriuria



Pathogens

1. The most prevalent pathogen causing UTI in children
IS Escherichiacoli, attributed to nearly 80% overalland >90%
of first infectionsin outpatients

Bladder

2. Additional pathogens such as Pseudomonasaeruginosa,
Klebsiellgpneumoniae Proteusspeciessp), Enterobactersp,
and Enterococcuspare knownto causeUT] [ o)

3. Among patients with urinary tract anomaliesor impaired
Immune systems, less virulent organisms such
as Staphylococcuspidermidis,Haemophiluanfluenzae and
group B streptococcusnaybe responsible

4. FungaMlTlis mostoften causedby Candidaalbicans

Bacteria travel Bacteria from
up the urethra skin or rectum



Introduction

In 2000 Clement,et al showedthat E coli strainswere composedof four main phylogeneticgroups.
Theydesigneda triplex-PCRmethod usingthe combinationof three candidategenemarkers

U chuA agenerequiredfor haemtransportationin enterohemorrhagicO157: H7 E coli
U yjaA ageneinitially identified in the recentcompletegenomesequenceof E coliK-12,

U TSPEQ2: designedfrom their substratelibrary TspB.C2, later characterizedas a putative lipase
esterasegene

1. The distribution (presence/absence)of these genes characterized them into four main
phylogenetiaggroups(A, B1, B2, and D).

2. Multi-Locus SequenceType (MLST)data for E coli reported from various hosts and habitats
iIndicatedthat about 80%- 85%o0f the phylogroupclassificationsvere correct



Introduction

1. In 2013 Clermont et al added gene target, arpA, to those three candidate markersto designa
guadruplexPCRuo classifyE coliisolatesinto oneof the sA, Bl, B2, C,D, E,F,andcladel.

2. ThearpAinclusionservestwo purposes First,asan internal control for DNAquality, aswith its addition
all E coli and clade | strains are expectedto yield at least one PCRproduct using quadruplexPCR
Second,the inclusionof arpA enablesstrains belongedto phylogroupF, formerly misidentified as D
strains(chuA+, yjaA-TspB.C2 -), to be distinguishedbecausearpAis presentin all E coliwith the strain
exceptionsbelongingto phylogroupsB2 andF

3. Worldwide phylogenetic studies have revealed that virulent extra-intestinal E coli strains belong
mainly to group B2 followed by group E, while phylo-group A or D is dominant in most commensal

strains.



Quadruplex genotype

arpA (400 bp) chuA (288 bp) yaA (211 bp) TspE4.C2 (152 bp) Phylo-group MNext step

+ — — — A

+ - - + B1

— + — — F

- + + - B2

- + + + B2

— + — + B2 Could be confirmed by testing ibeA gene®

+ - + - AorC Screen using C-specific primers. If C+ then C, else A

+ + - - DorE Screen using E-specific primers. If E+ then E, else D

+ + - + DorE Screen using E-specific primers. If E+ then E, else D

+ + + - E or clade | Screen using E-specific primers. If E— then clade |,
confirm using cryptic clade primers®

- - + - Clade | or i Confirm using cryptic clade primers®

— (476)° — — Clade Ill, IV or V. Confirm using cryptic clade primers®

— — — + Unknown Perform MLST

- - + + Unknown Perform MLST

+ — + + Unknown Perform MLST

+ + + + Unknown Perform MLST

- - - - Unknown Confirm Escherichia identification using widA or

gadA/B°, if positive screen using cryptic clade
primers® and/or perform MLST




arpA- Ankyrin repeat protein A- Escherichia coli (strainl®)

y|aA - Stressinduced protein- Escherichia coli

chuA- Outer membranehemehemoglobin receptor

M 1 2 X 4 § o6 T 8 9 10 1 213 1415 16- 17 18 M
T -
- <500 bp
arp. 4-»— ==y = - = -
chuAd=pp - - -
yjaA =p — D e -
TspE4.C2=p> D s 10055
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L. fergusonii I
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https://www.uniprot.org/uniprotkb/P23325/entry
https://www.uniprot.org/uniprot/A0A0E1M6B3
https://www.wikigenes.org/e/gene/e/961176.html

Introduction

1. Currently, studies describe an increasingresistant rate againstconventionalantibiotics among
uropathogenic E coli strains that accounts for UTIs Moreover the different patterns of
antibacterialresistancan particularphylogenetiogroupsof E coli strainshavebeenconsideredan
Important matter in the last few years It is imperative to monitor antimicrobial susceptibility
profiles to evaluatethe sizeof the problem and appropriate selectionof antimicrobialdrugsto
treat infectedpatients

2. Upto now, there have been some publishedstudiesabout phylogeneticgroup determination of
humanE colicausedUTIs however,few studieshavebeenperformedon childrenandinfant UTIs
basedon the quadruplexPCRassayparticularlyin Iran.

3. Accordingto the above,this study aimedto identify the phylogeneticgroupsof uropathogenick
coli accordingto the new method describedby Clermontand assesghe antimicrobial resistance
profile of thesestrainsin childrenyoungerthan 12 years(2 months-12 years)in Hamadan lran.




Material and Methods

1. In the present study, a total of 140 isolated E coli, were collected from symptomatic and
asymptomaticchildren between 2 monthsto 12 yearsold with UTladmitted to Be'satand Sina
hospitalsasoutpatientsand pediatricward in Hamadan)ran 2018

2. Inclusioncriteria for children with UTIswere referred to the AmericanAcademyof Pediatrics
(AAB, includingthe degreeof fever, urine turbidity, kidney pain, hematuria,the restlessnes®f
the baby etc, whichhadbeendiagnosedy our pediatrician

3. firstly. Allsampleswvere isolatedandidentified by laboratorystaff with a positiveculture of E coli,
105 CFU/mlcolony count. All the isolated sampleswere transferred to the laboratory of the
microbiologydepartmentat the HamadanJniversityof MedicalSciencegor further confirmation
under sterile conditions Demographidata suchassex,age,andthep a t i datefirgpatientor
outpatient) wasalsowritten.



Material and Methods

1. Antibiogram susceptibilitytesting was performed by disk diffusion method (Kirby-Bauer)on
Muller-Hinton agar (Merck, Germany)basedon the Clinicaland LaboratoryStandarddnstitute
(CLSIyuidelinesfrom 2018 Antibiotic disksusedincludedciprofloxacin(5ug), meropenem(10
hg), imipenem (10 pg), nitrofurantoin (300 ug), cefotaxime (30 pg), nalidixic acid (30 ug),
cotrimoxazole(trimethoprim 1.25 ug + sulfamethoxazolé€3.75 ug), amikacin(30 ug), cefixime

(5 pg), ceftriaxone(30 ug),gentamicin(10 ug) and cephalothin(30 u gfrom (ROSC@Menmark)

2. E coliATC@5922wasusedasthe control strain.



Material and Methods

1. Toamplify DNAfor the PCRorocess DNAwasextracted usingthe boiling method.

2. Statistical analysis: The Analysisof Variance(ANOVA)test was used to investigatethe
relationships between demographic data, antimicrobial susceptibility, and also the
relationshipsbetween phylogroupsand antibiotic resistance All categorical(continuous)

variableswere comparedby the 2-tailed ChtSquareest ( 2) or Fisher'ssxacttest.

3. P values of <0.05 were considered statistically significant All statistical analysis was

performedusingthe SPS8ersion22 softwarepackage



Material and Methods

Primer list weed in the quadruplex reaction.

PCR
product
PCH reaction Frimer ID Target Primer sequences {bp)
Cruadrplex chuA 1 chuh S-ATGOTACCGGACGAACCAAC T 2&8
chuA 2 B-TGCOGCCAGTACCAAAGACA-3
yjaA.lb vjai B-CAAACGTGAAGTGTCAGGAG-3 211
yjaA.2b E-AATGCGTTOCTCAACCTGTG-2
TzpE4C2.1b  TepE4C2  BCACTATTCGTAAGGTCATCC-3 152
TzpE4C2.2b B-AGTTTATOGCTGOGGGTOGE-3
Acellf arpA B-AMCGCTATTOGCCAGETTGC-3 400
AtpAlr B-TCTOOCCATACOGTACGCTA-S
Group E ArpAgpEf arpA GATTCCATCTTGTCAAAATATGCC-3 201
ArpAgpET SGAAAAGAAAANGAATTCCCAAGAG-3
Group C tpAgplC.l tpA -AGTTTTATGCCCAGTGCGAG-2 219
opAgpl.2 S TCTGCGOOGG TCACGOOC-3




Results

; . Demographic data of the patents.
1. E coli strains were detected more
) ) Frequency {Percent
often in girls than in boys (P-Value _ Pemesmphict=e ) Total
Age (3aar) 1-3 @ 140
46 21
: (22.1)
2. Theagegroupanalysigevealedthat 79 20
(20.7)
i i 10-132 23
there were no  significant i
. Sax Mala 43 140
differences between the age group 07)  (L00%)
Female e
affected by UTI and their _ _ 595)
Haospital status Inpatient 39 140
frequencies tien  pe O
77.1)




Results

1. E coli strains had the highest resistanceto cefepime (75%), cotrimoxazole(64.3%0)
while resistanceo meropenemandimipenemwasnot detected(0%).

2. Accordingto the statisticalanalysisfesistanceto cotrimoxazolein hospitalizedpatients
IS higherthan outpatients (P-Value=0.025).

3. Theclassof antibiotics with the most resistanceto E coli were sulfonamides(64.3%),
betalactams (47.69%0), quinolones (35.7%) followed by aminoglycosides (6.8%),
nitrofurans (1.4%) and carbapenemg0%y), respectively Only 17 of 140 (12.1%) isolates
were susceptiblgo all examinedantibiotics

4. Accordingto CLSIMDRIs defined asresistanceto at least one agentof three or more
antibiotic classes59 of 140(42.1%) E coliisolateswere detected MDR



Results of E coli antimicrobial susceptbility with disk diffusion.

Antibiotics No (%) of E coli izolates (n = 140]

Resistant No (W)  Intermediate No (%)  Sensitive No (36)

Ciprofloxacin 31{22.1) B(5.8) 101(72.1)
Nalidixieacid 69[49.2) 11{7.5) 60{42.9)
Amikarin 6(4.3) 10{7.1] 124(53.6)
Cefotaximsa 54{38.6) 402,97 B2{58.5)
(Gentamicin 13(9.3) 5(3.6) 122(57.1)
Merapenem 007 (o) 140( L03)
Imipenem 007 1(0.7) 139(99.3)
Cefrizons 51 (35.4) 6(4.3) B3{59.2)
Cotrimexazole =P» 90(64.2) 1(0.77 40{35.0)
Cefixime 57{40.7) 402,97 TH{56.4)
Cephalothin sy 105(75.0] 21{15.0) 14{10.0)
Nitofurantin ~ 2(1.4) 402,97 134(95.7)




Results

Accordingto classificationmethod and gel electrophoresisanalysis, the
order of the phylogroupsrevalencevasasfollows,  Pilegoups clawificarion according oo precence/abcence of the target genez

Phylogroups Quadruplex genotypes Maxt step
1. B2(39/140, 27.9%), B —
2. E(37/140, 26.4%), ST
3. A(23/140; 16.4%), . S
specifie
4. Cladd (15140 10.7%), e
5. B1(8/140,5.7%), o0
6. C(7/140, 5.0%), P S S
S e
7. F(6/140 4.3%), Conts i
8. D(4/140,2.9% =



apd (300 bp)

chut (233 bp) ‘
l >

pad (211 bp) _:

TspEdC2 (152 bp) ——pp

Fig. 1. Quadruplex PCR products analysiz according to four gene markers including arpA, chud, yjaA, and T:pE4C2 recpectively. Lane 1: group A (+ — — —); Lane 2 group A (+ — + -}
Lane 3: group By (+ — — +); Lane 4: group B2 (- + + +); Lane 5: group B2 (- + + -); Lane 6: group C (+ — + -) confirmed using C-cpecific primer (&pA); Lane 7: group D (+ + -
—); Lane 8: group D (+ + — +); Lane 9: group E (+ + — —) confirmed using E-specific primer (apA); Lane 10: group E (+ + — +) confirmed using E-cpecific primer (apA); Lane 11:
group F (— + — =); Lane 12: group Cladel (+ + + -), Lane 13: negative control. + is related to the precence of the gene, and - is related to the abcence of the gene M: 100 bp DNA
ladder (CinnaGen).



Results

1. Phylogrouptyping revealedthat the disseminationof these MDR strains most belongedto
phylogroup E (18/59; 30.5%) followed by B2 (16/59; 27.1%) that showedthe highestresistance
rate amongall antibiotic classesespeciallybeta-lactamsand sulfonamides while resistanceto

nitrofuransandcarbapenemsvere minimal

2. PhylogroupsB1 and D strain had the lowest resistanceto antibiotic classes



Driztribution of rezistanes phenotypes in different phylegroups detected in K colf straing

Antibiotic ¢l

Antibiote

Cladel

Unkmown

Total

Beta-lactams

Cninnlones

Kitrofurams
Amimeglyeosides

Carbapsnem:

Cafotaame
Caphalothin
Cafixime
Caftriaxane
Cotrimoxazale
Ciprofloxacin
*Nalidixic acid
*Nitrofurantoin
Amilcacin
Gentamicin
Imipenem
Meropenem

6(11.1)
10(9.5)
5(3.3)
6(11.7)
2.9
HoG)
6(3.7)
W0
1{16.7)
1{7.6)
W)
W0

1{1.3)
1{0.9)
1{1.8)
1(2.0)
1{1.1)

®0)
H0)
D)
x0)
H0)
H0)
x0)

B4{38.5)
105{75.0)
E7(40.7)
51{36.4)
o 64.3)
31(22.1)
60Y49.3)
2(1.4)
6(4.3)
139.3)
Q[0)
oro)




Discussion

1. Thepresentstudyindicatesthat E coli hadthe highestresistanceo cotrimoxazole(64.3%) whichis
consistentwith similarstudiesperformedin Hamadanwherethe resistanceate wasreportedto be
74%and 77% respectively

2. Ourstudyalsodemonstrateda high sensitivityof bacteriato meropenem(100%), imipenem(99.3%)
and nitrofurantoin (95.7%) that is in accordancewith the two abovementionedstudies Thisfinding
showsthat despitevaryingproportions of resistancedetectedin E coli (whether uropathogenicor
other extraintestinalintestinal strains), generally E coli has highest and lowest resistanceto
cotrimoxazoleand meropenem imipenemand nitrofurantoin, respectivelyoverthe lastfew yearsin
Hamadarmndother partsof Iran.

3. Despitereporting a high prevalenceof cotrimoxazoleresistantE coli isolatesin Iran. Thisnumber
hasbeenreported to be muchlower in other countries Thismight be due to the uncontrolled and
empiricaladministration of this antibiotic by Iranian pediatricians



Discussion

Theresultsof this researchalsoindicatethat 42.1%o0f our isolatedstrainswere MDR,

while this figurewasreported 34.2%in the samestudyin 2015

Thisrecommendincreasingevelsof resistanceare presentamongthesestrainsin pediatricsin
recentyears




Discussion

1. Many studiesin Iran and other countriesdisplay appropriate sensitivity of uropathogenick coli
strainsto nitrofuransandthe carabepenenfamily. It seemsthesedrugswould be prescribedmore

by physiciansn the comingdecades

2. Sofar, many studiesbasedon TriplexPCRn Iran and other countries have been confirmed that
whether in children or adults, phylogroupsA and to a lesserextent D is predominant in E coli
fecalisolateswhile phylogroupsB2 and D are more commonin uropathogenicE coli.

3. Asfar asinformation wasavailable the first study basedon the new Clermontmethod wascarried
out by Iranpouret al in Iranian patients who developedUTIthat reported B2 phylogroupis the
most predominantand phylogroupEis lesscommon



Discussion

1. That study reported there was no significant difference in the phylogenetic group
compositionregardingageor genderof the patients however, pointed that phylogroupsB2
and Eare prevalentin UropathogenicE coli strainswhich coverthe disadvantagef Triplex

PCRassaythat phylogroupEc o u | be classifiedbefore.

2. The present study was under those results with the difference that frequency of
phylogroup E comes after B2. This may be due to the difference in the prevalence of
phylogroupsin different parts of Iran or the shift hasbeen changedtowards phylogroup E

INn recentyears



Discussion

1. Ourstudy continuesto showthat the most commonMDRstrainsbelongedto phylogroupsEand B2,
respectively Unfortunately, no similar studies are using the quadruplexPCRmethod in UTIsIn
pediatricsto comparewith. Somestudiesusingtriplex-PCRand

2. TriplexPCRassayreported that most virulent MDRstrainsbelongedto B2 that is not consistentwith
our study. One reasonfor this discrepancycould be becauseof using different PCRassaythat in
TriplexPCRmethod phylogroupEwasignored, or regionaldifferencesin the different parts of Iran.

3. It seemsthat phylogroup E also playsan important role in pediatric UTL Thisoutcome needsmany
similar studiesto be performedto confirm or reject this supposition Thisstudy emphasizeghe fact
that phylogroupE can be as commonas B2 in a pediatric population and contributes the most to
antibiotic resistance



Conclusion

Hopefully, resistanceto Nitrofurans and Carbapenemsis at its minimum provided that
physiciangdo not overspendin antibiotic administration Our study alsoindicatesthat the new
Clermont method can clarify E coli phylogroup's classification properly to highlight the

Importanceof phylogroupEpathogenesivesidesB2inc hi | TFflen’ s

Thesetwo are the most prevalent phylogroupswhich exhibit most antimicrobial resistance
among pediatrics UTI patients. Understandingthe antibiotic resistancephenotype causedby
these two mentioned phylogroups can help doctors to treat patients with appropriate

antimicrobialdrugs






