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This study aimed to investigate fimbrial virulence-associated genes (F5/K99 and F41), antimicrobial 

resistance profiles, and biofilm formation of Escherichia coli from diarrhoeic calves in Tabriz, Iran. 

Faecal samples were collected from 101 diarrhoeic calves (<8 weeks of age) during 2023. E. coli was 

isolated by culture, and 97 isolates were obtained. PCR was used to detect fanC (K99) 

and fimF41a (F41). Antimicrobial susceptibility was assessed by disk diffusion, and biofilm for-

mation was evaluated using a crystal violet assay in 27 isolates. E. coli was isolated from 97 of 101 

calves (96.03%). K99 was detected in 10 isolates (10.31%), F41 in 5 isolates (5.15%): 15 isolates 

(15.46%) carried at least one gene. High resistance rates were observed against trime-

thoprim/sulfamethoxazole (69.07%), ciprofloxacin (74.22%), norfloxacin (65.97%), ceftriaxone 

(64%), and amoxicillin (70.10%). All isolates (100%) exhibited multidrug resistance (≥3 classes). 

Out of 27 isolates tested for biofilm, 25 (92.6%) showed weak biofilm formation and 2 (7.4%) did not 

form biofilm. Body condition score was significantly correlated with faecal consistency. Resistance 

rates of isolates did not differ significantly between treated and untreated calves. The high prevalence 

of multidrug-resistant E. coli carrying fimbrial genes in diarrhoeic calves highlights a potential One 

Health concern. The findings underscore the need for prudent antimicrobial use, enhanced biosecuri-

ty, and integrated surveillance in the livestock sector. 
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INTRODUCTION 

The Holstein population in Iran originated 

with the import of registered heifers from 

Europe, the USA and Canada in the 1970s 

and the first years of the 1980s (Banaeian, 

2011). With the growing population of 

Holstein, Jersey and foreign breeds in all 

regions of Iran, the official organisation 

for the improvement of livestock breed-

ing, the Animal Breeding Centre, was also 

established. So far, over 1,200,000 do-

mestic and crossbred cows have been reg-

istered. There seems to be a great poten-

tial for improving economic efficiency by 

selecting the best breed, location and 

management of inputs for farmers. 

Neonatal calf diarrhoea (NCD) is a 

major cause of disease and death in young 

calves and remains a major factor in lost 

productivity and financial setbacks for 

cattle farmers around the world
 
(Torreg-

giani et al., 2025). The National Animal 

Health Monitoring System for the United 

States reports that diarrhoea is responsible 

for approximately 57% of deaths in 

weaned calves (Torreggiani et al., 2025). 

Both infectious and non-infectious fac-

tors are responsible for calf diarrhoea (Li 

et al., 2025). In terms of pathogens caus-

ing intestinal infections, enterotoxigenic 

Escherichia coli (ETEC), coronaviruses, 

Cryptosporidium parvum (C. parvum) and 

rotaviruses have been found in 75 to 95% 

of cases in young calves (< 1 month) 

(Irehan et al., 2025). Protozoan pathogens 

play a significant role in NCD syndrome, 

with Cryptosporidium parvum, Giardia 

duodenalis, and various Eimeria species 

being recognised as major contributors to 

diarrhoeal disease in calves worldwide 

(Wang et al., 2023). Cryptosporidium 

parvum is widely considered the dominant 

protozoan pathogen in neonatal calves, 

with prevalence rates as high as 53.7% in 

diarrhoeic calves from Spain and compa-

rable figures reported across Europe and 

North America (Lopez-Novo et al., 2025). 

The zoonotic potential of C. parvum sub-

types, particularly those belonging to the 

IIa allelic family, represents a significant 

public health concern, as these subtypes 

are also commonly implicated in human 

cryptosporidiosis outbreaks (Lopez-Novo 

et al., 2025).  

The emergence and dissemination of 

antimicrobial resistance (AMR) among 

bacterial pathogens of livestock origin has 

become an escalating global concern with 

profound implications for both animal and 

human health (Ali et al., 2025). In calves, 

infections attributed to E. coli frequently 

necessitate antimicrobial intervention; 

however, resistant variants of this patho-

gen are associated with prolonged and 

more severe clinical course compared to 

their susceptible counterparts (Asadi 

Nadari et al., 2024; Alimehr et al., 1999). 

The widespread administration of antibi-

otics in livestock production exerts selec-

tive pressure on microbial populations, 

facilitating the acquisition and horizontal 

transfer of antimicrobial resistance genes 

(ARGs) among commensal and pathogen-

ic bacteria within the gastrointestinal tract 

(Enshaie et al., 2025). This phenomenon 

has led to increasing prevalence of multi-

drug-resistant (MDR) E. coli strains in 

calves, with studies documenting univer-

sal MDR phenotypes among isolates from 

diarrhoeic animals (Rigobelo et al., 2006; 

Berge et al., 2010; Asadi Nadari et al., 

2024). The presence of β-lactamase resis-

tance genes including blaTEM,  blaROB-1,  

blaOXA-2, and blaNDM, along with genes 

conferring resistance to sulfonamides 
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(sul2), macrolides (erm), tetracyclines 

(tet), and streptomycin (strA) has been 

documented in Pasteurella multocida  iso-

lates from livestock, highlighting the ex-

tensive genetic reservoirs of AMR circu-

lating within animal populations (Ali et 

al., 2025). 

Beyond acquired AMR genes, bacteri-

al pathogens employ additional mecha-

nisms to evade antimicrobial treatment 

and persist in hostile environments. Bio-

film formation represents a critical viru-

lence mechanism that enhances bacterial 

survival, persistence, and resistance to 

antimicrobial therapies (Yaki, 2026). Bio-

films are structured communities of bacte-

rial cells embedded in a self-produced 

extracellular polymeric substance (EPS) 

matrix composed of polysaccharides, pro-

teins, and extracellular DNA (Flemming 

et al, 2016). This matrix provides several 

advantages to bacterial populations. In the 

context of diarrhoeagenic E. coli, biofilm 

formation may contribute to pathogenesis 

and treatment failure through multiple 

mechanisms. Biofilm formation on abiotic 

surfaces can create persistent environmen-

tal reservoirs of pathogenic bacteria, facil-

itating transmission between calves and 

contributing to recurrent disease outbreaks 

(Katongole et al., 2020; Alshammari et 

al., 2023).  

An emerging body of evidence sug-

gests a potential association between an-

timicrobial resistance and biofilm for-

mation in E. coli and other bacterial path-

ogens. Several studies have demonstrated 

that biofilm-forming strains exhibit higher 

rates of antimicrobial resistance compared 

to non-biofilm producers, likely due to the 

protective nature of the biofilm matrix and 

the increased opportunities for horizontal 

gene transfer within biofilms (Katongole 

et al., 2020). For example, Katongole et 

al. (2020) reported that uropathogenic E. 

coli isolates with strong biofilm-forming 

capacity exhibited significantly higher 

rates of resistance to multiple antimicrobi-

al classes, including fluoroquinolones and 

aminoglycosides, compared to weak or 

non-biofilm formers. Similarly, Alsham-

mari et al. (2023) demonstrated that E. 

coli isolates from livestock and compan-

ion animals that carried multiple re-

sistance genes were more likely to form 

biofilms, suggesting a possible genetic 

linkage or co-selection between resistance 

determinants and biofilm-associated 

genes.  

Classical enterotoxigenic E. coli 

(ETEC) strains possess both fimbrial 

adhesins (e.g., F5/K99, F41) and entero-

toxins (e.g., STa). Binding of F5 is age-

dependent and gradually decreases from 

12 h to 2 weeks of age. ETEC were impli-

cated as the major cause of NDC. These 

ETEC induce diarrhoea in calves in the 

first 4 days of life, older calves or adult 

cattle being more resistant (Foster & 

Smith, 2009). 

The prevalent fimbriae found in calves 

suffering from diarrhoea are F5, which is 

also known as K99, and F41. However, 

ETEC strains with F165 fimbriae have 

also been discovered (Nguyen et al., 

2011). 

Previous Iranian studies have investi-

gated the prevalence and antimicrobial 

resistance of E. coli in various livestock 

populations. Shahrani et al. (2014) char-

acterised virulence genes, pathotypes, and 

antibiotic resistance properties of E. 

coli from diarrhoeic calves in Iran, report-

ing a prevalence of pathogenic E. coli of 

76.45% in the studied population. How-

ever, this study was conducted in central 

Iran and did not specifically focus on the 

northwestern region. More recently, 

Khormali et al. (2026) performed isola-

tion and molecular identification of 
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ETEC from calf diarrhoea in parts of Iran, 

but their investigation did not include the 

Tabriz region. Asadi Nadari et al. (2024) 

examined antibiotic resistance patterns 

of E. coli in diarrhoeic calves from Tabriz 

dairy farms, providing preliminary data on 

resistance rates in this region but did not 

investigate fimbrial virulence gene preva-

lence, biofilm formation, or the associa-

tion between resistance profiles and clini-

cal risk factors. Navaee et al. (2022) con-

ducted a survey on bacterial mastitis in 

cows from traditional farms in the Tabriz 

suburb, but this investigation focused on 

mastitis rather than neonatal diarrhoea and 

did not include molecular characterisation 

of virulence genes. 

Therefore, the present study was de-

signed to address these gaps by providing 

a comprehensive characterization of E. 

coli isolates from diarrhoeic calves in Ta-

briz, with specific focus on the prevalence 

of K99 and F41 fimbrial adhesin genes, 

antimicrobial resistance profiles and their 

association with prior antibiotic treatment, 

using both CLSI clinical breakpoints and 

NRI-derived epidemiological cut-off val-

ues, biofilm-forming capacity and its po-

tential association with antimicrobial re-

sistance and associated clinical and man-

agement determinants. This investigation 

aims to provide a more complete under-

standing of NCD etiology in this region 

and to inform evidence-based strategies 

for disease prevention, antimicrobial 

stewardship, and One Health surveillance. 

MATERIALS AND METHODS 

Ethical statement 

Faecal samples were collected non-

invasively from calves with natural diar-

rhoea, as part of routine veterinary diag-

nostic procedures. All samples were col-

lected with the informed consent of the 

animal owners. The study was conducted 

in strict accordance with the guidelines for 

the ethical use of animals in research. 

Collection and identification of E. coli 

A multi-stage sampling approach was em-

ployed. First, a list of all dairy farms in 

the Tabriz region was obtained from the 

East Azerbaijan Veterinary Organization. 

Farms were stratified based on herd size 

into three categories: small (<50 cows), 

medium (50–200 cows), and large (>200 

cows). From each stratum, farms were 

selected using simple random sampling. A 

total of 18 farms were included in the 

study, comprising 6 small, 6 medium and 

6 large farms, to ensure representation of 

different production scales in the region. 

All farms were visited at least twice dur-

ing the study period (spring and autumn) 

to account for potential seasonal variation 

in disease occurrence. Specifically, small 

farms contributed 4–6 calves each (n=28 

calves total), medium farms contributed 

5–8 calves each (n=35 calves total), and 

large farms contributed 5–16 calves each 

(n=38 calves total). This clustering at the 

farm level was accounted for in the statis-

tical analyses by including farm as a ran-

dom effect in the multivariable ordinal 

logistic regression model. To ensure inde-

pendence of biological samples, each fae-

cal sample was obtained from a distinct 

individual calf; no calf was sampled more 

than once during the study period. The 

mean age was calculated for 70 calves (22 

calves < 10 days and 48 calves > 10 days) 

out of the total 101 diarrhoeic calves in-

cluded in the study. Age data were not 

available for the remaining 31 animals. 

Calves were classified into treated  

and non-treated groups based on docu-

mented antimicrobial administration prior 

to faecal sampling. All information was 

obtained from farm treatment records and 
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confirmed through structured interviews 

with farm owners or herd managers at the 

time of sampling. None of the calves had 

received vaccinations at the time of sam-

pling. Calves were housed on rubber slat-

ted flooring, fed a milk replacer and had 

ad libitum access to water through nipple 

drinkers. Sex, age, delivery method, anti-

bacterial treatment, duration of treatment, 

days of treatment, weight of birth, number 

of births, body condition and amount of 

colostrum fed were documented in the 

farm records or observed directly. 

Calves were scored for faecal con-

sistency immediately before milk feeding 

by the same trained research assistant to 

minimise inter-observer variability.. at the 

time of faecal sample collection. Each calf 

was scored only once; repeated measure-

ments over time were not performed. The 

scoring system included 4 levels: 0 = 

normal form: firm but not rigid, becoming 

misshapen when dropped and settled on 

the floor; 1 = soft material that does not 

maintain its shape and slightly spreading 

out; 2 = runny substance spreading easily; 

and 3 = watery liquid consistency (Wilson 

et al., 2023). 

Faecal samples were obtained through 

rectal palpation and placed in tubes with 

Stuart medium, then promptly carried to 

the laboratory in a container cooled with 

ice. Around 5 to 15 g of faeces were taken 

from each calf. The samples were cultured 

on MacConkey agar and left overnight at 

37 °C. Four to five lactose positive colo-

nies were chosen from each sample and 

standard biochemical tests. The complete 

biochemical profile confirming E. coli  

identity was: indole positive, methyl red 

positive, Voges-Proskauer negative, cit-

rate negative, catalase positive, oxidase 

negative, TSI acid/acid with gas, urease 

negative, motile, and nitrate reduction 

positive. These results are consistent with 

the standard biochemical characteristics 

of E. coli as described in established mi-

crobiological references (Nofouzi et al., 

2026). One or two individual bacterial 

colonies per calf were chosen to be tested 

for the presence of virulence genes. The 

E. coli isolates were preserved in tryptic 

soy broth with 20 % glycerol at –70 °C 

for further analysis. 

Identification of virulence factors in 

E. coli strains 

Table 1 displays the utilised PCR primers. 

Bacterial DNA was acquired by boiling 

cells at a temperature of 100 °C for 

15 min, followed by centrifugation to pel-

let the cells. The resulting supernatant was 

employed in the PCR reaction. The exist-

ence of F5 and F41 genes was investigat-

ed in all isolates as described (Franck et 

al., 1998). Since fimbriae are composed 

of multiple subunits encoded by genes 

clustered within an operon, the targeted 

gene with these primers corresponds to 

the gene encoding the major structural 

Table 1. Primers used in this study* 

Target 

gene 

Primer 

name 

Primer sequence (5´–3´) Primer size Anneal tem-

perature (˚C) 

FimF41a F 41 F 

F 41 R 

GCATCAGCGGCAGTATCT 380 bp 50 

GTCCCTAGCTCAGTATTATCACCT 

fanC K99 F 

K99 R 

GGTCATGGCACTGTAGTGGA 154 bp 50 

GGTATCCTTTAGCAGCAGTATTTC 

* Shams et al. (2012). 
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subunit of F41 fimbriae (FimF41a gene) 

and K99 fimbrial adhesion (fanC). Be-

cause the study aimed to detect fimbrial 

adhesin genes (K99 and F41) rather than 

enterotoxin genes (sta), the isolates are 

described as E. coli carrying fimbrial viru-

lence-associated genes. Definitive classi-

fication as enterotoxigenic E. coli (ETEC) 

would require demonstration of enterotox-

in production or detection of sta genes, 

which was not performed.  

PCR amplification was performed us-

ing a method slightly modified from pre-

vious studies (Choi & Chae, 1999). The 

reaction mixture consisted of 12.5 µL of 

PCR master mix (Yekta Tajhiz, Iran), 1 

µL of each forward and reverse primer 

(10 µM each), 1.5 µL of template DNA, 

and nuclease-free water to reach a final 

volume of 25 µL. The PCR protocol used 

included a step of denaturing at 94 °C for 

30 s, then annealing of the primers at ap-

propriate temperature (Table 1) for 30 s 

followed by an extension step at 72 °C for 

1 min. Extension at 72 °C for 10 min was 

carried out after performing 35 cycles in 

thermal cycler. The amplified sample was 

subjected to electrophoresis on a 1.5 % 

agarose gel for 90 min. Safe stain (Yekta 

tajhiz, Iran) was used to locate amplified 

DNA fragments of specific sizes through 

ultraviolet fluorescence. Their lengths of 

their DNA were confirmed by running a 

digested DNA marker (Yekta tajhiz, Iran) 

at the same time. For each PCR run, ap-

propriate positive and negative controls 

were included to ensure the reliability and 

validity of the results. 

Antimicrobial susceptibility testing 

The clinical and laboratory Standards In-

stitute (CLSI) guidelines (CLSI, 2024) 

were followed to determine the suscepti-

bility to antimicrobials through disk diffu-

sion. The antibiotics analysed were: tetra-

cycline (Tet; 30 µg), ciprofloxacin (Cip; 

5 µg), gentamicin (Gm; 10 µg), amoxicil-

lin-clavulanic acid (Amc; 30 µg), ceftri-

axone (Cro 30 µg), trimethoprim/sulfa-

methoxazole (Sxt 25 µg), and norfloxacin 

(Nx 10 µg). The tested antibiotics were 

chosen based on their effectiveness in the 

treating diarrhoea and their importance in 

terms of public health. E. coli strain Nissle 

1917 was employed for quality assurance 

purposes. Multidrug resistance (MDR) 

was characterised as resistance to three or 

more classes of antimicrobial drugs.  

Normalised resistance interpretation 

The histograms of inhibition zone diame-

ters for each antimicrobial were visually 

analysed to identify drugs with unclear 

transitions between isolates without de-

tectable resistance and resistant isolates. 

When the clinical breakpoints did not 

match the frequency distribution, epide-

miological cut-off values (ECV) were 

utilised to determine isolates as suscepti-

ble or non-susceptible (Preira et al., 

2014). ECVs are a sensitive measure for 

classifying isolates as susceptible or non-

susceptible and monitoring resistance de-

velopment (Simjee et al., 2008). 

The ECV were determined using the 

normalised resistance interpretation (NRI) 

analysis offering a formal approach to ad-

dress situations where zones for non-sus-

ceptible strains show low-level resistance 

levels (Smith et al., 2012). After transfor-

ming these values, the relationship between 

probit values and zone diameters is deter-

mined by a straight line using a least 

squares equation. The best parameter con-

figuration for accurately representing the 

standard distribution of susceptible isolates 

includes a 4-zone moving average with a 

peak adjustment of 2.5 standard deviation 

limits from the switch position to the cor-

rect peak position (Khormali et al., 2026). 
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Biofilm formation assay 

Biofilm formation was evaluated for 27 

out of 97 E. coli isolates. The remaining 

70 isolates were not tested due to limited 

availability of bacterial stocks. A qualita-

tive crystal violet microtiter plate assay 

was performed based on a previously de-

scribed method (Nofouzi et al., 2025a) 

with modifications noted below. Over-

night cultures of E. coli isolates were 

grown in tryptic soy broth (TSB) at 37 °C. 

Bacterial inocula were prepared without 

standardisation to a 0.5 McFarland turbid-

ity standard, which is acknowledged as a 

limitation. Each isolate was inoculated 

into wells of a sterile 96-well flat-bottom 

polystyrene plate containing 200 µL of 

TSB per well. No positive or negative 

controls were included in the assay. Plates 

were incubated aerobically for 24 h at 37 

°C without shaking. After incubation, the 

medium was gently removed, and wells 

were washed three times with 200 µL of 

phosphate-buffered saline (PBS). Follow-

ing washing, adherent bacteria were fixed 

with 200 µL of 99% methanol for 15 min. 

The plates were then stained with 200 µL 

of 0.1% crystal violet solution for 15 min 

at room temperature. Excess stain was 

removed by rinsing with distilled water, 

and the plates were air-dried. The bound 

crystal violet was solubilised with 200 µL 

of 33% glacial acetic acid, and the optical 

density (OD) was measured at 570 nm 

using a microplate reader. 

Biofilm formation was classified ac-

cording to the following criteria (Nofouzi 

et al., 2025a): OD ≤ ODc: Non-biofilm 

former (0); ODc < OD ≤ 2×ODc: Weak 

biofilm former (+); 2×ODc < OD ≤ 

4×ODc: Moderate biofilm former (++), 

and 4×ODc < OD: Strong biofilm former 

(+++), where ODc (cut-off OD) was de-

fined as the mean OD of sterile TSB 

blanks. Technical replicates were not per-

formed; each isolate was tested once.  

Statistical analysis 

Associations between categorical varia-

bles were assessed using Pearson’s chi-

square test when all expected cell counts 

were ≥5; otherwise, Fisher’s exact test 

was used. For 2×2 tables, odds ratios 

(OR) and their 95% confidence intervals 

(CI) were calculated to quantify the 

strength of associations. Spearman’s rank 

correlation rho (ρ) was used to evaluate 

relationships between faecal consistency 

score and continuous variables (age, body 

condition score, heart rate, respiratory 

rate, temperature, duration of diarrhoea, 

duration of treatment), with 95% confi-

dence intervals reported for correlation 

coefficients. One-way ANOVA was used 

to compare mean faecal consistency score 

across the three age categories, with eta-

squared (η²) reported as the effect size 

measure. Multivariable ordinal logistic 

regression was used to adjust for con-

founding; regression coefficients (β), 

standard errors, adjusted odds ratios 

(aOR), and their 95% confidence intervals 

are reported for all predictors in the final 

model. The Nagelkerke R² is reported as a 

measure of overall model fit. All tests 

were two-tailed with P≤0.05 considered 

significant. 

RESULTS  

In 2023, from 101 analysed samples from 

diarrhoeic calves in Tabriz, a total of 97 

E. coli strains were isolated on Mac-

Conkey agar. Drug sensitivity tests of the 

97 isolates demonstrated that 59.79 % 

were resistant to gentamicin, 64% resis-

tant to ceftriaxone, 53.60 % to tetracyc-

line, 74.22 % to ciprofloxacin, 70.10 % to 

amoxicillin-clavulanic acid, 69.07% to tri-
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methoprim/sulfamethoxazole and 65.97% 

resistant to norfloxacin. All isolates were 

multidrug-resistant (MDR) (Table 2). 

Visual inspection of zone diameter 

histograms (Fig. 1) revealed that for all 

seven antimicrobials, the distribution did 

not show a clear bimodal separation be-

tween susceptible and resistant popula-

tions when classified using standard CLSI 

clinical breakpoints. This was especially 

evident for ciprofloxacin, tetracycline, and 

gentamicin, where a substantial number of 

isolates produced zone diameters within 

±3 mm of the clinical breakpoint. Such 

ambiguous distributions suggest that some 

isolates may harbour low-level or emerg-

ing resistance mechanisms not captured by 

binary CLSI categorisation. Using the 

NRI method, the theoretical distribution 

of fully susceptible (wild-type) popula-

tions and calculated epidemiological cut-

off values (ECOFFs) at 2.5 standard devi-

ations below the estimated mean of the 

wild-type distribution was reconstructed. 

The resulting NRI-derived cut-offs for 

susceptible isolates (i.e., ECOFFs) were 

as followed: ceftriaxone 21.4 mm, ciprof-

loxacin 19.5 mm, amoxicillin-clavulanic 

acid 16.5 mm, tetracycline 21.5 mm, gen-

tamicin 16.7 mm, trimethoprim/sulfame-

thoxazole 18.1 mm, and norfloxacin 19.9 

mm. 

The NRI analysis demonstrated that 

for ceftriaxone, ciprofloxacin, and tetra-

cycline, CLSI clinical breakpoints may 

overestimate susceptibility in this calf 

population by failing to detect isolates 

with reduced susceptibility. These isolates 

do not yet meet clinical resistance defini-

tions but may represent an early reservoir 

for selection of high-level resistance. 

NRI-derived ECOFFs are therefore rec-

ommended for epidemiological surveil-

lance in this region, whereas CLSI break-

points remain appropriate for individual 

animal treatment decisions. For the re-

maining antimicrobials, CLSI and NRI 

classifications were largely concordant, 

supporting the reliability of routine sus-

ceptibility testing. 

Biofilm formation was evaluated for 

27 out of 97 E. coli isolates using the 

crystal violet microtiter assay. Among the 

tested isolates, 2 (7.4%) showed no bio-

film formation, and 25 (92.6%) exhibited 

weak biofilm formation.  

Table 2. Results of antimicrobial susceptibility testing for Escherichia coli isolated from diarrhoeic 

calves 

 

Treated group         
 

Non-treated group 
OR (95% CI) 

X2  

P value  

 

Number (%) 
 

Number (%) 

Ceftriaxone 28 (48.27%) 
 

35 (89.7%) 1.60 (0.31–8.38) 0.829 

Ciprofloxacin 26 (44.82%) 
 

36 (92.3%) 0.54 (0.12–2.52) 0.700 

Amoxicillin 29 (50%) 
 

39 (100%) 0.26 (0.01–6.68) 0.508 

Tetracycline 21 (36.20) 
 

31(79.5%) 0.60 (0.20–1.82) 0.561 

Gentamicin 27 (46.55%) 
 

31(79.5%) 2.32 (0.61–8.78) 0.448 

Sulfamethoxazole 30 (51.72%) 
 

37 (94.9%) 2.03 (0.08–50.8) 0.441 

Norfloxacin 29 (50%) 
 

35 (89.7%) 3.31 (0.37–29.7) 0.521 

Note: Odds ratios (OR) compare the odds of resistance in the treated group (calves that received 

systemic antimicrobial therapy at any time from birth until faecal sampling; n=58) versus the non-

treated group (calves with no documented antimicrobial exposure from birth until sampling; n=39). 

Calves with unknown treatment history (n=4) were excluded. 
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Fig. 1. Zone diameter histogram with susceptibility classification of Escherichia coli according to 

Clinical and Laboratory Standards Institute clinical breakpoints. Reconstructed ideal population of 
susceptible strains shown as a line graph of normalised resistance interpretation (NRI) with a mean. 
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 No isolate was classified as either mo-

derate or strong biofilm former (Table 3).  

Table 3. Percentage of biofilm forming E. 

coli isolates in microtitre plates (n=27). 

Number (%) 

of isolates 

Degree of biofilm for-

mation 

  2 (7.14%) None 

25 (92.6%) Weak 

  0 Moderate 

  0 Strong 

 

M 1 2 3 4

380 bp

 

Fig. 2. PCR product of F41, tested with iso-

lates. Lane M: DNA ladder; lane 1: positive 

control; lane 2–4: F41 from diarrhoeic calves.  

 

All the primers utilised in this study 

displayed specificity by producing only 

one band. Fig. 2 and 3 show the presence 

of two genes associated with E. coli cell 

attachment. The F41 and K99 genes oc-

curring at frequencies of 10% and 16.7%, 

respectively. K99 was detected more 

commonly than F41 (Table 4). 

The current research examined how 

various factors including gender, age, type 

of diarrhoea, method of delivery, duration 

of treatment, weight of arrival, antibacte-

rial treatment, dehydration, clinical status, 

lethargy, body condition, temperature, 

heart rate, respiratory rate, appetite, foul- 

smelling stool, colour of diarrhoea, num-

ber of births, amount of colostrum feeding 

and days with diarrhoea affected the like-

lihood of E. coli infection in diarrhoeic 

calves.  

Spearman’s rank correlation analysis 

revealed a significant negative correlation 

between body condition score and faecal 

consistency score (ρ= –0.31, 95% CI: –0.48 

to –0.12, P=0.004), whereas no significant 

correlation was found for age (ρ=0.09, 

95% CI: –0.11 to 0.28, P=0.38), heart rate 

(ρ=0.13, 95% CI: –0.07 to 0.32, P=0.20), 

respiratory rate (ρ=0.08, 95% CI: –0.12 to 

0.27, P=0.44), body temperature (ρ=0.11, 

95% CI: –0.09 to 0.30, P=0.28), or dura-

tion of treatment (ρ = 0.06, 95% CI: –0.14 

to 0.25, P=0.55). One-way ANOVA sho-

wed no significant difference in mean 

faecal consistency score across age cate-

gories (P=0.247). Among the 97 calves 

included in the analysis, 58 (59.8%) had 

received antimicrobial treatment prior to 

sampling (treated group) and 39 (40.2%) 

had no documented antimicrobial expo-

sure (non-treated group). The proportion 

of calves with E. coli isolates did not dif-

fer significantly between the treated and 

non-treated groups (96.6% vs. 94.9%, 

respectively; P=0.67). However, because 

treatment was initiated based on clinical 

severity, causal inferences regarding 

treatment effects on bacterial carriage 

cannot be made. Watery stool rate in non-

treated calves was higher than in treated 

calves. Twenty-five non-treated calves 

were affected with diarrhoea which took 

2-5 days (Table 5). 

To further evaluate the independent 

contributions of risk factors to faecal con-

sistency score, a multivariable ordinal 

logistic regression model was constructed. 

The final model included age category, 

body condition score, treatment status, 
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and colostrum adequacy as predictors 

(Table 6). The model demonstrated ac-

ceptable fit (Nagelkerke R² = 0.18, χ² = 

14.23, df = 6, P=0.027). 

DISCUSSION 

Diarrhoea is a common and increasing 

issue among young calves, particularly 

within the first week of life. The identifi-

cation of the specific cause of diarrhoea 

can only be done through laboratory test-

ing since the clinical symptoms do not 

provide enough information to distinguish 

between different microorganisms that 

may be responsible (Icen et al., 2013). 

The prompt identification of these patho-

gens will aid in managing treatment. 

Among cases of intestinal infections in 

young calves, 75–95 % have been at-

tributed to the main entropathogens caus-

ing diarrhoea, ETEC, Rotavirus, Corona-

virus and Cryptosporidium parvum (Ryu 

et al., 2020). ETEC attach to the small 

intestinal epithelium without causing sig-

nificant changes in morphology and re-

lease exotoxins that affect the functions of 

enterocytes by increasing secretion and 

decreasing absorption. The primary fac-

tors for colonisation of fimbriae identified 

in bovine pathogenic E. coli are F5 (K99), 

F17 and F41. F5 fimbria has been linked 

to the majority of ETEC strains and is 

M 1 2 3 4

154 bp

5 6 7 8 9 10 11 12 13

 

Fig. 3. PCR product of K99, tested with isolates. Lane M: DNA ladder; lane 1: positive control; 

lanes 2–12: K99 isolated from diarrhoeic calves; lane 13: negative control. 

 

Table 4. Fimbrial antigens in E. coli isolated from calves with diarrhoea in the treated group (calves 

that received systemic antimicrobial therapy at any time from birth until faecal sampling; n=58) and 

the non-treated group (calves with no documented antimicrobial exposure from birth until sampling; 

n=39). Calves with unknown treatment history (n=4) were excluded 

 

Gene 

 

Treated group Non-treated group OR (95% CI) P value 

k99 Positive 5 (16.7%)   5 (12.8%) 1.36 (0.36–5.16) 
0.060 

 

Negative 25 (83.3%)  34 (87.2%) Reference 

F41 Positive 3 (10.0%) 2 (5.0%) 2.06 (0.32–13.2) 
0.710 

 

Negative 27 (90.0%) 37 (4.9%) Reference 
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accountable for majority cases of ETEC 

infection in newborn calves. Further in-

vestigation into the virulence and risk 

factors of ETEC in calves are necessary, 

as it is the most prevalent form of 

colibacillosis in young animals (Shams et 

al., 2012; Samir et al., 2024).  Despite 

being a common infection in calves, there 

has been no molecular screening of viru-

lence factors and the associated risk fac-

tors in northwest of Iran. 

In this study, 96% of diarrhoeic calves 

excreted E. coli. However, E. coli in warm 

blooded animals’ intestines is a normal 

part of their flora, so this finding was seen 

as normal. Overall, the prevalence of 

E. coli strains in calves with diarrhoea in 

Tabriz (96.03 %) was much higher than in 

Egypt (10.36%) (Yonis et al., 2009) and 

India. The differences in these findings 

could be due to environmental conditions, 

antibiotic use, genetic factors, manage-

ment and hygienic conditions, as well as 

the age of the animals. In Iran, the role of 

pathogenic E. coli in healthy and diarrhoe-

ic calves has been studied, but these in-

vestigations have been limited to certain 

areas of Iran. Shahrani et al. (2014) de-

Table 5. Risk factors in prevalence of E. coli in calves with diarrhoea in the treated group (n=58) 

and the non-treated group (n=39) 

   

 

Treated group                                        
 Non-treated 

group 
OR (95% CI)        

P value 

Age (day) 

0–10 11 (36.7%) 20 (51.3%) Reference 0.259 

10–20 17 (56.7%) 16 (41.0%) 0.52 (0.20–1.34) 

>20   2 (6.7%)   3 (7.7%) 1.65 (0.24–11.2) 

Faecal score 

Normal 14 (46.7%)   4 (35.9%) Reference 0.847 

Soft   5 (16.7%)   8 (20.5%) 1.60 (0.42–6.05) 

Runny   9 (30.0%) 12 (30.8%) 0.95 (0.31–2.92) 

Watery   2 (6.7%)   5 (12.8%) 2.50 (0.41–15.2) 

Duration of  

diarrhoea (days) 

2–5 14 (46.7%) 25 (64.1%) Reference 0.508 

6–9 14 (46.7%) 11 (28.2%) 0.44 (0.16–1.21) 

10–12   2 (6.7%)   3 (7.7%) 1.19 (0.18–7.84) 

Table 6. Multivariable ordinal logistic regression analysis of factors associated with faecal con-

sistency score in diarrhoeic calves (n = 97). The model shows that body condition score is the only 

significant independent predictor of faecal consistency, with each 1-point decrease in body condition 

being associated with a 37% increase in the odds of more severe diarrhoea (aOR = 0.63, 95% CI: 

0.46–0.86, P=0.004). 

Predictor β coefficient SE aOR (95% CI) P value 

Age (10–20 days vs. 0–10 days)   0.32 0.41 1.38 (0.62–3.07) 0.430 

Age (>20 days vs. 0–10 days)   0.58 0.52 1.79 (0.65–4.92) 0.260 

Body condition score  

(per one point decrease) 

–0.47 0.16 0.63 (0.46–0.86) 0.004 

Treatment status (treated vs. 

non–treated) 

–0.29 0.38 0.75 (0.36–1.56) 0.450 

Colostrum adequacy  

(adequate vs. inadequate) 

–0.42 0.44 0.66 (0.28–1.55) 0.340 

Note: aOR = adjusted odds ratio; SE = standard error; CI = confidence interval.  
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monstrated that pathogenic E. coli was de-

tected in 76.45% of calves. Regional vari-

ations, management practices, hygienic 

conditions and the age of the animals may 

account for differences in findings. A pre-

vious study in the same dairy farms of 

Tabriz investigated the participation of 

E. coli causing mastitis (Navaee et al., 

2022). However, molecular characterisa-

tion of pathogenic E. coli causing diar-

rhoea in neonatal calves has not been 

conducted. 

Identifying virulence characteristics is 

necessary to classify E. coli pathotypes, 

and PCR technology is commonly used to 

distinguish pathogenic strains from nor-

mal gut flora. This study focused on in-

vestigating E. coli strains carrying the 

K99 fimbrial adhesion gene; enterotoxin 

genes were not assessed. Therefore, while 

these isolates possess a key colonisation 

factor associated with ETEC, definitive 

pathotyping as ETEC would require de-

monstration of enterotoxin production.  

In this research, the K99 fimbrial gene 

was detected in 10 out of 97 E. coli iso-

lates tested (10.3%). This is comparable 

to findings by Picco et al. (2015) in Ar-

gentina (12.9 %), Younis et al. (2009), in 

Egypt (10.4 %), and Ok et al. (2009) in 

Turkey (13.4%). China (23 %) (Li et al., 

2025), USA (25 %) (Cho et al., 2013) and 

Brazil (35 %) (Oliveira-Fiho et al., 2007) 

reporting a greater prevalence of ETEC 

F5+ strains, although direct comparisons 

should be made cautiously because the 

present study did not confirm enterotoxin 

production. In contrast, the Netherlands 

had lower rates of E. coli F5+ prevalence, 

with percentages of 5.8% (Bartels et al. 

2010). There could be several reasons for 

a higher prevalence of ETEC F5+ in 

countries like Egypt and Israel compared 

to the USA and the Netherlands. Some 

possible factors include sanitation and 

hygiene, water quality, climate, healthcare 

infrastructure and dietary habits.  

In the present study, none of the 27 

tested E. coli isolates exhibited moderate 

or strong biofilm formation. Several bio-

logical explanations may account for the 

observed weak biofilm phenotype. First, 

the expression of biofilm-associated fac-

tors and fimbrial adhesins may be inverse-

ly regulated in E. coli. The transition from 

a planktonic to a biofilm lifestyle requires 

downregulation of motility and upregula-

tion of adhesins, curli fimbriae, and extra-

cellular polysaccharide production, all of 

which are controlled by the global regula-

tory system involving the second messen-

ger cyclic-di-GMP (c-di-GMP) and the 

transcription factor CsgD (Biscola et al., 

2011). Second, the specific fimbrial types 

carried by the isolates may influence bio-

film-forming capacity. While K99 and 

F41 fimbriae are essential for intestinal 

colonisation, they are not typically associ-

ated with biofilm formation on abiotic 

surfaces. In contrast, type 1 fimbriae, cur-

li, and antigen 43 are more commonly 

implicated in E. coli biofilm formation 

(Alshammari et al., 2023). Third, the ge-

netic background and phylogenetic line-

age of the isolates may contribute to the 

weak biofilm phenotype. Biofilm for-

mation is a strain-specific trait, with sub-

stantial variation observed among E. co-

li isolates from different hosts. When 

comparing our findings with previously 

published studies, a range of biofilm-for-

ming capacities has been reported. Al-

shammari et al. (2023) demonstrated that 

E. coli strains from livestock and compan-

ion animals exhibited variable biofilm 

production, with some isolates forming 

strong biofilms on abiotic surfaces. Simi-

larly, Zuberi et al. (2022) identified bio-

film-producing E. coli strains from vari-

ous sources, though the prevalence of 
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strong biofilm formers varied substantial-

ly. In contrast, a study by Nofouzi et al. 

(2025a) on Gallibacterium anatis from 

pet birds revealed that biofilm formation 

contributed to treatment challenges and 

persistence, highlighting species-specific 

variations in biofilm phenotypes. The pre-

dominance of weak biofilm formers in the 

present study is consistent with investiga-

tions by Katongole et al. (2020), who 

found that a significant proportion of uro-

pathogenic E. coli isolates from clinical 

samples exhibited weak or no biofilm 

formation, suggesting that biofilm produc-

tion is not a universal virulence trait 

across all E. coli pathotypes. 

The biofilm assay was performed on 

only 27 of the 97 E. coli isolates (27.8%), 

which substantially limits the generalisa-

bility of the biofilm findings. The isolates 

tested for biofilm formation may not be 

representative of the entire isolate popula-

tion, particularly given that selection was 

based on the availability of bacterial 

stocks rather than on a systematic sam-

pling strategy. A significant limitation of 

this study was the lack of appropriate con-

trol strains in the biofilm assay. The inclu-

sion of a positive control strain with 

known biofilm-forming capacity is essen-

tial for validating the performance of the 

assay and ensuring that the experimental 

conditions are capable of supporting bio-

film formation (Khalefa et al., 2026). The 

biofilm assay was performed without stan-

dardisation of the bacterial inoculum to a 

0.5 McFarland turbidity standard. Ino-

culum standardisation is a critical step in 

biofilm assays because the initial bacterial 

density significantly influences the rate 

and extent of biofilm formation (Stepa-

novic et al., 2004). The absence of repli-

cates in the biofilm assay is a major meth-

odological limitation as technical replicates 

are essential for assessing intra-assay varia-

bility and ensuring that the observed optical 

density measurements are reproducible 

and not due to random variation or exper-

imental error (O’Toole, 2011). 

Resistance patterns of bacterial patho-

gens can vary between countries and even 

within a single country over time. Due to 

this, it is important to conduct surveillance 

of a pathogen resistance in each country to 

guide appropriate selection for empiric 

therapy. Monitoring resistance can also 

help predict outbreaks, as detecting a spe-

cific resistance pattern may indicate an 

ongoing epidemic (Wikler Matthew, 

2006). Previous reports have shown mul-

tidrug resistance in E. coli strains (Rigo-

belo et al., 2006; Khan & Das, 2009;) and 

this study further demonstrates wide-

spread antimicrobial resistance in diar-

rhoeic pre-weaned dairy calves. Isolates 

resistant to ciprofloxacin (74.22 %), 

amoxicillin (70.10 %) and trimethoprim/ 

sulfamethoxazole (69.07) were frequently 

found. These findings align with studies 

conducted on pre-weaned dairy calves in 

Brazil (Rigobelo et al., 2006), with simi-

lar investigations also reported by De 

Verdier et al. (2012) who found that 61% 

of all strains were resistant to multiple 

antibiotics in Sweden. Similar investiga-

tions have been reported from the United 

State (Berge et al., 2010) and The Czech 

Republic (Dolejska et al., 2008). 

The molecular mechanisms underlying 

resistance in bovine E. coli populations 

have been extensively characterised in 

recent surveillance studies. Globally, the 

dissemination of β-lactamase genes, parti-

cularly blaTEM, blaCTX-M, and  blaOXA 

variants, has been identified as a primary 

driver of resistance to penicillins and 

cephalosporins in livestock-associated En-

terobacteriaceae (Ali et al., 2025). Similar-

ly, plasmid-mediated fluoroquinolone re-

sistance genes (qnr variants) and chromo-
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somal mutations in the gyrA and parC 

 genes have been implicated in reduced 

susceptibility to ciprofloxacin and norflo-

xacin (Nofouzi et al., 2025b). The high 

resistance rates to trimethoprim/sulfame-

thoxazole observed in the present study 

(69.07%) are consistent with the wide-

spread occurrence of sul2 and dfrA genes, 

which have been documented in Gram-

negative bacteria from livestock origins 

globally (Ali et al., 2025). Notably, the 

elevated resistance to gentamicin (59.79%) 

and tetracycline (53.60%) reflects the con-

tinued use of aminoglycosides and tetra-

cyclines in veterinary practice, with corre-

sponding resistance determinants (aac 

 genes and tet genes) frequently identified 

in bovine E. coli populations (Abdal-

hamed et al., 2021). 

Call et al. (2008) discussed the com-

plex epidemiology of E. coli resistance in 

calves, noting that factors such as the 

linkage of resistance genes play a role. 

The widespread resistance seen is largely 

due to historical and current antimicrobial 

use, with documented associations be-

tween antimicrobial use and resistance in 

enteric E. coli in calves (DeFrancesco et 

al., 2004). However, present study found 

that resistance was not directly linked to 

antimicrobial use, as there was no signifi-

cant difference between treated and un-

treated calves. Despite that about half of 

diarrhoeic calves were treated with anti-

microbials, the high prevalence of re-

sistance was not solely due to selection 

pressure from antimicrobial use. Other 

factors besides antimicrobial use may con-

tribute to the prevalence of E. coli in pre-

weaned calves, as indicated by multiple 

studies (Berge et al., 2010). The high pre-

valence of resistance in both treated and 

non-treated calves suggests that factors 

beyond individual animal treatment, play 

a substantial role in maintaining resistance 

in this calf population. 

In our study, the epidemiological cut-

off values for antibiotics were determined 

by analysing the distribution of inhibition 

zone diameters in the disk diffusion test. 

The transition between isolates without a 

detectable resistant phenotype was un-

clear, so the NRI analysis was used (Pe-

reira et al., 2014). 

In this study, the application of NRI 

served two complementary purposes. 

First, it allowed determining population- 

specific epidemiological cut-off values 

(ECOFFs) for antimicrobials where clini-

cal breakpoints for bovine enteric E. 

coli are either extrapolated from human 

data (e.g., fluoroquinolones) or based on 

limited veterinary pharmacokinetic stud-

ies. Second, NRI identified a subset of 

isolates with reduced susceptibility that 

remained classified as susceptible by 

CLSI criteria, particularly for ceftriaxone, 

ciprofloxacin, and tetracycline. The clini-

cal relevance of these NRI-identified 

non-wild-type isolates in calves is not yet 

clear. In human medicine, isolates with 

reduced susceptibility are associated with 

higher treatment failure rates in certain 

infections, although no equivalent data 

exist for calf diarrhoea. In veterinary prac-

tice, CLSI clinical breakpoints remain the 

standard for individual animal treatment 

decisions, as they are designed to predict 

therapeutic success. However, for popu-

lation-level surveillance, antimicrobial 

stewardship, and early detection of emerg-

ing resistance, NRI-derived ECOFFs offer 

greater sensitivity. The finding that 11 

isolates were non-wild-type for ciproflox-

acin by NRI but fully susceptible by CLSI 

suggests that fluoroquinolone resistance 

mechanisms may be disseminating silently 

in this region. Veterinarians and herd 

health managers should be aware that 
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CLSI-susceptible results do not always 

guarantee absence of resistance genes. 

From a One Health perspective, the 

high prevalence of MDR E. coli in calves 

from Tabriz raises substantial concerns. 

Livestock serve as important reservoirs 

for antimicrobial-resistant bacteria and 

resistance genes, which can be transmitted 

to humans through direct contact, envi-

ronmental contamination, or the food 

chain (Magouras et al., 2017). The close 

proximity of dairy farms to human popu-

lations in Iran, combined with the poten-

tial for zoonotic transmission, underscores 

the urgent need for integrated surveillance 

systems that monitor antimicrobial re-

sistance across human, animal, and envi-

ronmental interfaces. Indeed, the World 

Health Organization (WHO) and the 

World Organization for Animal Health 

(WOAH) have identified fluoroquinolones 

and third-generation cephalosporins as 

critically important antimicrobials for 

human medicine, and their use in livestock 

should be carefully regulated to preserve 

therapeutic efficacy (WHO, 2019). 

It was discovered that abnormal faeces 

were widespread among calves aged 1 to 

43 days, with a higher prevalence than 

other types of faeces but the score of diar-

rhoea had no significant relation with the 

age and sex of calves. There was a signifi-

cant relation between body condition and 

score of diarrhoea: with increase of diar-

rhoea score, body condition was reduced 

(P=0.04). The highest prevalence of diar-

rhoea occurred in the second week of age, 

as seen in a Dutch study where the peak 

incidence of diarrhoea was within the first 

two weeks (Li et al., 2025). A Canadian 

study estimated the rate of diarrhoea be-

tween birth and weaning to be 20% (Walt-

ner-Toews et al., 1986). Based on these 

findings and our own estimates, it appears 

that the occurrence of diarrhoea has re-

mained consistent over time, suggesting 

little progress has been made in reducing 

its occurrence. 

Feeding colostrum to newborn calves 

plays a significant role in providing pas-

sive immunity and protecting them against 

ETEC infection. In this work no correla-

tion was found between score of diarrhoea 

and consumption of colostrum. It is im-

portant to implement good management 

practices such as maintaining a clean ma-

ternity area, regularly cleaning and disin-

fecting calf feeding equipment, and re-

placing old equipment to ensure a healthy 

start for the calves and minimise exposure 

to pathogens. These measures help create 

a pathogen-free calving environment for 

the newborns.  

 A principal limitation of this study is 

the absence of enterotoxin gene detection. 

In bovine neonatal colibacillosis, the clas-

sical ETEC pathotype requires both 

fimbrial adhesins and the STa enterotoxin. 

Without confirmatory toxin gene data, the 

isolates reported here should be described 

as E. coli carrying fimbrial genes associ-

ated with the ETEC pathotype, rather than 

definitive ETEC. This distinction is im-

portant for accurate molecular epidemiol-

ogy and should be addressed in future 

regional studies. 

CONCLUSIONS 

Detection of potentially zoonotic E. 

coli strains (carrying K99/F41 fimbrial 

genes) with extensive antimicrobial re-

sistance profiles raises potential One 

Health concerns. Although our study did 

not establish a direct epidemiological link 

between resistant bacteria in calves and 

human infections, the presence of MDR E. 

coli in food-producing animals represents 

a probable reservoir of resistance genes 

that could be transmitted to humans 
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through direct contact, environmental con-

tamination, or the food chain. 
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