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Dendrogram of Isolate Similarity Based on Antibiotic Resistance Profiles

1.0

08

g
o

Jaccard Distance

=

0.2 (] I —

il

o'ol._lu 1333 >

Isolate

,,,,,,,,,,,

5| lbog,S laadss aiid Cosslie Llgy iie colid Sl yolisS claalols soal Jaccard galols gonims Lis

G b Jao )l sl lid aals

99 4 odls e a> 31 a5 aos o lis gladigsan
Joe S o ol oy SSE g,bl Ll adgs
Wl go S3glgral 5 () s Sl 5] ladgSan
208 &l Sgu 51 Canglie cinls 5l 55 S5 Dledlbl
Jelos S plsieay b gldgzan Joo @b (nlple
K-zols IS jsbay 090 pends LSS g Slics]
Sl malads sandles ;o oulioanliv o3I Lmeans
Cwglan Hhai sl aalgpl as™ ol Hlas 5 cbls Slgeon
Godal LB Ll Egie EEYSURA RN L;i"’ﬁ""u""’T

O

2o oo Hlas |y aline Cuglio slagSl L laalg sl

Sy cdsbow fdai' 9 K-means sAiodiiss
Sl gy g Caeglie lagSll (eSS L)
wlel  » K-means  ganadss dadlgpl (gondalds
sebiedy al plxil Coslu/Cwoglio (9990 o Sle
olawi gl ool Julow doadgs conlio slaw o
Jaw a5 ols plas i .cd )3 plool alizes sloaiigs
Ot et 1P 390 (Zislow Jlade 0 SYL L sladsgo
Joe (Jopl b asS oo ol 1) besls IS s
Judos gl /¥ sq0 Cogliw ado b js (slabgzanw
ol GBGl 1) wd Qll (eSS (6 s
sldgpl Jols  pwds LB 09,8 aw @ ledlgy
sdgpl 5 bl Cuglio gl sladdgp! 5 wlus
(¥ JS2)0 S5 oo pal B 1) (29)losiz b Cuoglia

Silhouette Score by Number of Clusters

Silhouette Score
o o o o
w = w (-]

o
[

5

6 7 8 9

Number of Clusters



o‘)lio.hgdi.ﬁ‘) Soa

CE. coli sladgyl Sogo ool cuwglin gy 50 laabes gy slaws s 6lp Soghow jlinel Judos Y S
sl 5105 el s 51y iy Joo o Jlril b 105 asali i Jon 19 gl s 0 i

LT 5l el b gy 5 wlas slaalg il Lol Boes g0
Iy Wosls 57 by 51 oo 51 S Jol sadlse g0 a5
ab PCA jloges jo baadgs gilulas wins oo oy
e asdllas ] O PCA ¢ pl plo 098 yunts bl L
Gt LS o (eSS s siale Jlpl plgea

Al ad Sl s K-means ¢ (ol ealudos

3,5 18 colaiul 090 (JoST  SlasST Jdos laieay

slol malS gl :(PCA) Aol sload/so fdx

FBgn ol dgnl @ies e plales g Laosls
90 .0 alol Lol slaadlge Judos o SUgu 51 Caaglie
Iy osls JS™ il lg 51 2 E2/0 g g0z jo Jol Jol adlbo
5 /YOI e (PCL) gl adlie oS 5, 9boas taiols rusgs
S 4 Iy uilslg 51 AYVF g (PC2) poo adlis
gl as slo Lis PCA (gumsgo loged olo plais
slad o K-means ;| Jol> sbbaigs L slao o= b

L sloddgpnl Jols jao (galiss lodd ajei (gomgd

PCA of Antibiotic Resistance Profiles

X
0.75

0.50

0.25

0.00 Koy

Principal Component 2
X

-0.25

—0.50

=0.75

x

2.00
X

x

o -

~ o

w (=]
K-means Cluster

~05 0.0 05
Principal Component 1

10 15 0.00

PCA (samgo sLad 1o sl (E. coli slaalgyl Sbgn 2ol cunglio sy (PCA) Lol slaadlse Jl>s ¥ 1,5
YL ggloaiz Cwglas b sladlgpnl jan (gady> raiiws K-means sladliss goains )lis oSS, ailoass ools yisles

5 1YON L (PCL) Jsl sadlin « X gm0 . 5 wlur sloalgnl F (gadss g ¢ ol cuwglin sl slaalgpnl ) (gaiigs>
oo s lid |y Wosls il jlg 17T VT L(PC2) pgo adlie ¢ Y joxe

rge S oelSlel S JoilS saldl gl p s
Sl SV o ygpmgllins SLaS 5 9 ey )|
Gloaiss a5 aas o obis bassl ol ws caslie
ALy s oty 650 S ool B0 oo gLl
gl 000 b Ceaglia slagSIl (552 50 5 oLl S 5l

Ayl s gime

bddsss (e anglio (lglyd g ylo] gy lho
Jol> loados (nn Coslie Syl oolis o))l sln
£ S )lse 50 5 90l ygel 3l euaglin gy Jolos ||

aS ol lis bl ol eolaiul yiud 38s el
On bSSan il (S ces Caglis gl
ALl (¥ Jeaz) o)l jls e S| laais>

o] 094y

A )l /lolads /450y SSljaals uslidiesqi€as s ldajls agas H‘



Yl

A Y/l gladi/asla  Slsjasls aalidicsqias s 1ol agplis H‘

w55 5 ol (VS Ly il Sng il (S 5T Cuoglin 595 s

b SSgm 8l (1 4 Cand Senglite gl 3 Y Jgo
A Sgm Bl Caglin Ly Jolov 5l Jols laases o byl 4 Cos Caglin Jlold a5 olaSCg ]
anslae ol a8 3l o leddes s Cwglin Slgl 3 10 Jlo e GBS lgiedy < /-0 51 54Sp polas ol oylid jlo Se
b plonl paad 335 G903l b ol HUatl 590 gl )10 5 50 13 5 93515 9031 L

Ry plado
AMC [+ ¥Y
SXT <ofe e
TET <efeey

CAZ/CLV <ofe e

CTX/CLV <ofe e
GEN <efe )
TMP <efoe)
ERY <efoe)

SV S Usin 5 Sl S5 sl
Loy ol saddlas axgs LB slaatdl 5l 5 sl
Ly 0gh el bList b wl adl cpl pnds (o]
slooasly Sleca Ysene (oS5 Glackas ol
Sl s wnb b b sl s
soolgil> glacl o (ESBL)  aallaws
asle wld 9 Wg,e aEnterobacterales
20T 00) Wgd s Jias Sloys sl g 5]
slo b8 samslio «ESBL olulid onissd slaghs,
L S5 50 9 ks bip awdlin ol poe
e el o Je (ioli8l o)l ol awl SV eS
e oamsplis Wilgh oo Sl SV 90> )0
s 3! ool adg Jlil azcs ;o g ESBL slags 5l
Lgiye b ol gasdllae 5o oolily (VF ,10) il
Gigd 97y Jltl Cozle 5 Wb bSiws ol @
$logesl wijls ol (1 9l 5 098 HwiSESBL
DlaCTX-Mslayj (JoSge (o) 5 (heoSS (sdstd
(Y'Y ,10) cwslblaSHV 4 blaTEM

3 : )
Sl Caglie 565 ol ganlllas o
Ol sadbaie o35S 5l eadlax E. coli gladlss)|
Wi glolis Sodsen sldgpl e ax 5100 gw)yp
é—*—’g—vsb‘ Canglie gl 1o St gad i slaalgpl 8924
Saadls fi’ ‘5)5‘"5) 9 (P w‘d.e) NIV )\ §gio
3 oede

o oBxy g Sllgs 5l callos E coli slaalgs!

ol A o YU jlws Coglie o)l Coenl

Ead5e ol (YEYV) Sl oads Jo)58 ladlas 51 (6L
ol g Hlusl o laplisYL, (o0 puS B ras b Wiy oo
2 Seglie slay ol 5 bbby slagy Jlal
Lo owbes Jdoas ol 5gas (YY,YA) ail s lame
iz Sl (S b so3gll slabazme 5 lasilony
58 B,k 5l g 00,5 S bame 3l 1) alags ST
Coglie (e G3Fe plpea g auS A
X Y8 sl a8l A Spm ]
=Sy sS4 ces YL Cuglis



Gudde> o Jaccard galold 5l oolaiul .ai,S o 1,8
slosls o090 Codle @ azg Lo oSl ealidus
oobal gl calis obj )l Gl ol Cuglio
| ilisie o Sigm 1 & Cunglin jgi pie b 3
sldgn! Jolis olbbaies olulis . (Y4,Y+) 0,5 2l
L slaalgnl 5 oLl Cwglia slls slaalgpl ¢ ol
Sl jo azg BB gos )Sily Vb og)loaizr Cuwglie
ol ol adlls 3j50 Cumer (S 5l Canglie
RVESERTNY KW I, 5wl 55 K-means goadg>
Doe Gladsezgo Jawe aS ol las cdghew Juloo
Ol adgs an Sl WS oo ol 1) LS SIS
b ol gladgpl 5l Coglia apl 5350 i
Jolod eizmen CSbe ol 31, Cogliay (sladlysl
50 Jsl adlse g0 a5 ols Lis (PCA) Lol sloaslse
zeosi |y ools S by 51 aeys FPI0 oo
K-means 3| Jol> slaadss ola> o> U g oo 0
FB iz gaile Sb s (Jlocnl b rases oo Las ],
L b PCA o s sloailya ;5 Gl )y 5| o5
Godline S50 (gaw 31 (VF Y1) 2ad plxl blos
Comd Ceoglin jo ladgs  le o gae Golas
OelSelal s s

Ommlog 5l i pgia s 5 Jg3laS seldd gl o2 2 g0 s 5
a5 gn 5 el K533 gl A5 5

FOWERISCIR[JE & ¥ K S T PO FS BPRVINR gt 5
N NPl (g ]
aS a2 e olis asllas (pl slaaidl Egatmo 4O
sleagnl Jol> wiley s lan gadlate )5S
onloail (Sgm Bl Cwglie geiie slogXI L E. coli
colr 3 L et oW Rl Sueal gsse
alllae ol bl b S oo ey Coodln Sy 3,505,
Slay) (JoSse (o) p pae dlex jlesjls placysgacs
Lgsyo sloosls 9 . coli JoSUge b poc «anglin

@Lm‘..:..oéyoﬁmjégﬁ&;]wwmg

O‘)&“"S;;“m) Soa

el 4z g3 B 55 GelSGLul 15y s Y Cnglite
ailodgy  Sdield [0 B rany sbog,ls 5l oSG Ll s
&L Sllge slosy) slas Sl j0 09,5l s Cuoglio g
5 oSl 4 e Y Canglie gonnlie o
ol e shagme (Sogll bk Wi o olseS sladlsl
o0 S Sran 5l 86 Ll jlad b s i b
b s ey Cenglia blie 5 (FY) ail o)l ol
Gl a5 s ol GeelhSslis il g S
Srghn Sl aalel byld o laSssn il
Voore cplSal Aiils ooy )90 sboalgyl ade
odliiul (Jaro pd slagls g (coges slalaxe )3 oS
Cuaglie LYo 5l (o Wlgioe g9d90 e g 395 o0
55 orleS slig 5l (17X 0) wal (] 4 o Sy
Coadl dy az g7 b Lol ol ylid coS Coglin anlllae oyl 5o
)90 Bl 55 Cuaglie (poly polie > doiygleinS's)ols
Gk 5l Wl o0 09,5 (nl 4 Conglita 1,5 025 )18 az g
JUh b Gaa lagy 5o (e9j909S slagies
(FY ¥Rl (558 (gopedly

HJB idu as ol lis gg)bais cwglas o
adly ol o MDR sla oSl axly aalg syl S
5lgs o MDR (slaalg ol 15 0018 SG39)gmocy] Coonl
bee ;0 9005 Joo Cuglia slagy; e Olgreas
oIl sl sasllae ,o (FA) Wod ,diie oy
Caglio a5 ol Lt g a @il| Jsaz 5 s MDR _JE
GoAiS al pESYL S 5 byl 4 loyan
g Sl ST G jgpmgllin DLS 5 GlabiSYLG
2 @iz Cwglie ot p slagSl 5l Ll 25
3 bl iy a5 Uy 4Bl ) ] s 50 (laalgal
Jole Sy JBlu 4 Canglie ool 5 (g ootz Cunglie
D S (290 WS A 5l i b e 50 (29,Send
(%)

E. coli glaadlgpl a5 ols lis gonades Julos
Srer aglie XUl Sl 5l eSSl eadlan
Cunglie il Sl o b o lbog,S 0 g Akians EHlgiSy

€A s Nlojlads /8313 5S0ls (raliSiiqias s Wdojls ayis H‘



A Y/l gladi/asla  Slsjasls aalidicsqias s 1ol agplis E‘

w55 5 ol (VS Ly il Sng il (S 5T Cuoglin 595 s

i ol lils Sodsen,e slaalsnl oyl
O Cows YU Coglie 0y (SSgm Bl Coglis
O S 65 L ol pen (o dSGLul 5 g u...l....us..ﬂ
ol o ddgpl a5 ol ol gonades Judog 0g
G g 8 S oo )18 pleie sloeg S 5o Cueglie fildg
sz Cwglie s azly o] 5l 4> BB
59 M‘y@ Q‘,’@J as a8 oo UL..».; l>azsl CJ.‘.‘ A
L5y S g 3550 (Sdgm ol Cuglie Jaie Lol
Ol s Canglite JLal o o, T 2 0l (gl o Jcnl b
iy o990 olulis Jols LoSS Slalllas ls b
Jed>s s ESBL/AMPC  obj,l cunglin  slogy;
el (§)978 F03 7S Sojelgens]
13 Fls

00 polyd o as olaolesle Lol 3l sals sl
Dl Josds Sad s dllio B oingi = 5> lagyl ol
&8lwo oyl

Loadaly jo a5 wijlo so el dlas ol B,

2,10 092 o2dlin 2, AS e Alie Gl g 5,15

st a5 Sellns pladl ol ol Cunglie iy
5 F9dse il ESBL/AMPC wglan slagys
Slalllae 35800 drog Fos s Sufglgrodnl Jelov
polie slaalgnl Jox jo 1) GlieS A& 55 i
sAzizpour  (Joo,l o gladlas o ailes ST o158
PTRHE LN RN S (NU I NUPFIRE LR
olis g 0,5 la> Salmonella spp salgpul Y o E. coli
O S |y Coglie o 5 inkL coli gladgpl a5 ol
P il et il sbolilye g el
) SB olesS pblre )0 lasllhas (izren
E.  coli  sdgpl  gogdl  aie  lgiea
(F) oo; C)"L"" AmpC 9 ESBL&OMA:JBS
Cowl ganad L 5155 I b s pols sanlllas sloasly
Ol 5> (Sism il Coslin Ghaly a5 an oo i
S%uss ey 5o Bl slaadly l (Lase Wl o
AVF) wib ceodcss

=

Ol STl (saigai 1YF (Lo 5l calllas ol 5o
g 0 glulls E coli galgpl Voo jlinn gadhais

Sg2g b alils Sodgen coigid dlgpnl 5l Sy



References

1- Davies J, Davies D.Origins and evolution of
antibiotic resistance. Microbiol Mol Biol Rev.
2010;74(3):417-433.

2- Hernandez J, Stedt J, Bonnedahl J, Molin Y,
Drobni M, Calisto-Ulloa N, et al.
Human-associated extended-spectrum beta-
lactamase in the continental European pigeon
(Columba livia).PLoS One. 2010;5(10):e11012.

3- Tenaillon O, Skurnik D, Picard B, Denamur
E. The population genetics of commensal
Escherichia coli. Nat Rev Microbiol.
2010;8(3):207-217.

4- Dziva F, Stevens MP.Colibacillosis in poultry:
unravelling the molecular basis of Escherichia coli
pathogenicity, in the context of vaccination.
Avian Pathol. 2008;37(4):355-366.
doi:10.1080/03079450802216652

5- Guenther S, Ewers C, Wieler LH. Extended-
spectrum beta-lactamases producing E. coli in
wildlife and the environment: a review. Appl
Environ Microbiol. 2011;77(17):5599-5607.

6- Jahantigh M, Samadi K, Esmaeelzadeh Dizaji
R, Salari S. Antimicrobial resistance and
prevalence of tetracycline resistance genes in
Escherichia coli isolated from lesions of
colibacillosis in broiler chickens in Sistan, Iran.
BMC Vet Res. 2020;16:267. doi:10.1186/s12917-
020-02488-z

7- Huang SS, Zhang Z, Lee KY, et al. Clustering
analysis and machine learning approaches for
antimicrobial resistance surveillance: a systematic
review.

Clin Infect Dis. 2020;71(11):2822-2832.

8- Amsterdam D, Wolfe MW. Comparison of
reagent-impregnated paper strips and conventional
tests for distinguishing Escherichia from
Aerobacter: correlation with colonial morphology.
Appl Microbiol. 1968;16(10):1460-1464.

9- Powers EM, Latt TG. Simplified 48-hour
IMVic test: an agar plate method. Appl Environ
Microbiol. 1977;34(3):274-279.

10- Antony AC, Paul MK, Silvester R, ef al.
Comparative evaluation of EMB agar and Hicrome
E. coli agar for differentiation of green metallic
sheen producing colonies. J Pure Appl Microbiol.
2016;10(4):2863-2870.
doi:10.22207/JPAM.10.4.48.

ol)lio.hgdi.:}‘) Soa

11- Tille PM. Bailey & Scott’s Diagnostic
Microbiology. 15th ed. Elsevier; 2022.

(Standard reference describing interpretation of -
hemolysis on blood agar and incubation at 35-37°C
for 18-24 h)

12- Clinical and Laboratory Standards Institute
(CLS)). Performance Standards for Antimicrobial
Susceptibility Testing. 33rd ed. CLSI supplement
M100. Wayne (PA): CLSI; 2023.

13- Bauer AW, Kirby WMM, Sherris JC, Turck
M. Antibiotic susceptibility testing by a
standardized single disk method. Am J Clin Pathol.
1966;45(4):493—-496.

5 ay

14- Clinical and Laboratory Standards Institute.
Performance standards for antimicrobial
susceptibility testing. 34th ed. CLSI supplement
M100. Wayne (PA): Clinical and Laboratory
Standards Institute; 2024.

ERjals palidisqias s Lo

15- European Committee on Antimicrobial
Susceptibility Testing. Breakpoint tables for
interpretation of MICs and zone diameters. Version
14.0. Véxjo, Sweden: EUCAST; 2024.

16- Magiorakos AP, Srinivasan A, Carey RB,
Carmeli Y, Falagas ME, Giske CG, et al.
Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for
acquired resistance. Clin Microbiol Infect.
2012;18(3):268-281.

lIe.A |1y /lojlads /7450

17- MacQueen J. Some methods for classification
and analysis of multivariate observations. In:
Proceedings of the Fifth Berkeley Symposium on
Mathematical Statistics and Probability. Berkeley
(CA): University of California Press; 1967. p. 281—
297.

18- Rousseeuw PJ. Silhouettes: a graphical aid to
the interpretation and validation of cluster analysis.
J Comput Appl Math. 1987;20:53-65.

19- Jaccard P. Etude comparative de la
distribution florale dans une portion des Alpes et
des Jura. Bull Soc Vaud Sci Nat. 1901;37:547-579.

20- Ward JH Jr. Hierarchical grouping to
optimize an objective function. J] Am Stat Assoc.
1963;58(301):236-244.

21- Pearson K. On lines and planes of closest fit to
systems of points in space. Philos Mag.
1901;2:559-572.



Y

A Y/l gladi/asla  Slsjasls aalidicsqias s 1ol agplis H‘

w55 5 ol (VS Ly il Sng il (S 5T Cuoglin 595 s

22- Jolliffe IT, Cadima J. Principal component
analysis: a review and recent developments. Philos
Trans A Math Phys Eng Sci.
2016;374(2065):20150202.

23- Pearson K. On the criterion that a given
system of deviations from the probable in the case
of a correlated system of variables is such that it
can be reasonably supposed to have arisen from
random sampling. Philos Mag. 1900;50:157-175.

24- Fisher RA. On the interpretation of > from
contingency tables, and the calculation of P. J R
Stat Soc. 1922;85(1):87-94.

25- Hosmer DW, Lemeshow S, Sturdivant RX.
Applied Logistic Regression. 3rd ed. Hoboken
(NJ): Wiley; 2013.

26- Livermore DM. -Lactamases in laboratory
and clinical resistance. Clin Microbiol Rev.
1995;8(4):557-584.

27- Pitout JDD, Laupland KB. Extended-
spectrum B-lactamase-producing
Enterobacteriaceae: an emerging public-health
concern. Lancet Infect Dis. 2008;8(3):159—-166.

28- Marshall BM, Levy SB. Food animals and
antimicrobials: impacts on human health. Clin
Microbiol Rev. 2011;24(4):718-733.

29- Bonnedahl J, Drobni M, Gauthier-Clerc M,
et al. Dissemination of Escherichia coli with CTX-
M type ESBL between humans and yellow-legged
gulls in the south of France. PLoS One.
2009;4(6):e5958.

30- Silva N, Igrejas G, Figueiredo N, ef al.
Molecular characterization of antimicrobial
resistance in Escherichia coli from wild birds. Eur J
Clin Microbiol Infect Dis. 2011;30:137-145.

31- Paterson DL, Bonomo RA. Extended-
spectrum beta-lactamases: a clinical update. Clin
Microbiol Rev. 2005 Oct;18(4):657-86.

32- Chopra I, Roberts M. Tetracycline antibiotics:
mode of action, applications, molecular biology,
and epidemiology of bacterial resistance. Microbiol
Mol Biol Rev. 2001;65(2):232-260.

33- Roberts MC. Environmental macrolide—
lincosamide—streptogramin and tetracycline
resistant bacteria. FEMS Microbiol Lett.
2005;253(2):201-210.

34- Economou V, Gousia P. Agriculture and food
animals as a source of antimicrobial-resistant
bacteria. Infect Drug Resist. 2015;8:49—61.

35- Wright GD. The antibiotic resistome: the
nexus of chemical and genetic diversity. Nat Rev
Microbiol. 2007;5(3):175-186.

36- Hooper DC, Jacoby GA. Mechanisms of drug
resistance: quinolone resistance. Ann N Y Acad
Sci. 2015;1354:12-31.

37- Ruiz J. Mechanisms of resistance to
quinolones: target alterations, decreased
accumulation and DNA gyrase protection. J
Antimicrob Chemother. 2003;51(5):1109-1117.

38- Sneath PHA, Sokal RR. Numerical
Taxonomy: The Principles and Practice of

Numerical Classification. San Francisco: W.H.
Freeman; 1973.

39- Azizpour A. Antibiotic resistance of
Escherichia coli and Salmonella spp. isolated from
domestic pigeons in Ardabil, Iran. Vet Res Biol
Prod. 2023;36(4):20-27. [In Persian]

40- Kerek A, Szabé A, Jerzsele A. Antimicrobial
susceptibility profiles of Escherichia coli isolates
from domestic pigeons in Hungary. Front Vet Sci.
2025 Sep 12;12:1642902



New Findings in Veterinary Microbiology mn Volume 9, Issue 1, Spring 2026

New Findings in Veterinary Microbiology

Homepage: nfvm.uoz.ac.ir
Quarterly - Print ISSN: 2645-4491 Online ISSN: 2676-5004

Volume 9, Issue 1, Spring 2026, pages: 74-88

Antibiotic Resistance Profiling and Clustering Analysis of Escherichia coli
Isolated from Urban and Semi-Domestic Pigeons in the Sistan Region, Iran

Alireza Mirzaei', Ahmad Rashki?**, Mohsen Najimi*, Saeid Salari*

1- MSc Graduate in Microbiology, Department of Pathobiology, Faculty of Veterinary Medicine, University of Zabol, Zabol, Iran

o

2- Associate Professor of Microbiology and Molecular Genetics, Department of Pathobiology, Faculty of Veterinary Medicine, Univer-

sity of Zabol, Zabol, Iran

3- Associate Professor of Microbiology, Department of Pathobiology, Faculty of Veterinary Medicine, University of Zabol, Zabol, Iran
4- Associate Professor of Microbiology, Department of Pathobiology, Faculty of Veterinary Medicine, University of Zabol, Zabol, Iran

*Corresponding Author: Ahmad Rashki, Ph.D. (Email: ah rashki@usal.es; Tel: +98 915 546 2063).
Receive: June 11, 2026; Revise: June 11, 2026; Accept: June 12, 2026

4.7 10.22034/nfvm.2026.586183.1317

Abstract

Urban and semi-domestic pigeons, due to their continuous interaction with human-dominated environments, contam-
inated sources, waste materials, and other animals, may contribute to the dissemination cycle of antibiotic-resistant
bacteria. Escherichia coli, as an indicator enteric bacterium in birds, serves as a suitable sentinel for monitoring antimi-
crobial resistance within the One Health framework. This study aimed to isolate E. coli from pigeons in the Sistan region
and evaluate their antibiotic resistance patterns, multidrug resistance index, and resistance profile similarity structure
using cluster analyses.

In this cross-sectional study, cloacal swabs were collected from 136 pigeons in the Sistan region. Samples were cul-
tured on MacConkey agar, eosin methylene blue agar, and blood agar. Presumptive E. coli isolates were identified using
standard morphological and biochemical tests. Hemolysis testing was performed on blood agar. Antimicrobial suscep-
tibility testing was conducted using the Kirby—Bauer disk diffusion method on Mueller—Hinton agar, and results were
interpreted according to Clinical and Laboratory Standards Institute (CLSI) guidelines. Resistance data were binary-
coded, and analyses included resistance frequency, multidrug resistance index, K-means clustering, hierarchical clus-
tering based on Jaccard distance, and principal component analysis (PCA).

A total of 100 E. coli isolates were confirmed from pigeons in the Sistan region. None of the isolates exhibited a
hemolytic phenotype. The highest resistance rates were recorded against ampicillin and ceftazidime/clavulanic acid,
each at approximately 99%. High resistance to tetracycline was also observed, whereas the lowest resistance rates were
noted for amikacin and enrofloxacin. Multidrug resistance analysis revealed that a subset of isolates were resistant to
multiple antibiotic classes. Clustering analyses demonstrated that isolates formed distinct categories, including highly
resistant isolates, those with selective resistance, and more susceptible isolates. PCA partially confirmed this clustering
structure; however, the first two principal components accounted for only about 46.5% of the total variance.

The findings indicate that pigeons in the Sistan region may harbor E. coli isolates with diverse antibiotic resistance
profiles. Although no hemolytic isolates were identified, the presence of resistant and multidrug-resistant isolates is of
public health concern from a One Health perspective. Regular monitoring of antimicrobial resistance in urban birds can
help identify environmental resistance reservoirs and inform the development of targeted control strategies
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