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Abstract
Aims: The purpose of this study was to investigate the occurrence of E. coli O157 and O26 on 

Belgian dairy cattle farms, the presence of virulence genes in the confirmed isolates, and the 

association of E. coli O26 presence with calf diarrhea.

Methods and Results: In total, 233 recto-anal mucosal swabs (RAMS) were obtained from 

healthy and diarrheic dairy calves on three farms, each alternately visited three consecutive times. 

RAMS were analyzed for presence of E. coli O157 and O26, and stx1, stx2 and eae virulence 

genes. Overall, 19% of RAMS tested positive for E. coli O157, while 31% tested positive for E. 

coli O26. The majority of isolates possessed both stx and eae, denoting a high pathogenic potential 

to humans. While both serogroups persisted at farm level, persistence within the same animal over 

time appeared to be relatively rare. Interestingly, E. coli O26 was already abundantly present at a 

younger age compared to E. coli O157. Calf diarrhea could not be associated with presence of E. 

coli O26. 

Conclusions: Young dairy calves are important on-farm reservoirs of potentially pathogenic E. 

coli O157 and O26. A role of E. coli O26 in calf diarrhea could not be confirmed. 

Significance and Impact of Study: O157 and O26 are responsible for the majority of human 

STEC infections. Gaining more epidemiological information regarding their occurrence and 

persistence on cattle farms will contribute to a better understanding of STEC ecology and risk of 

human transmission.
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Introduction
Shiga toxin-producing Escherichia coli (STEC) are important zoonotic pathogens of public 

health concern, responsible for severe clinical symptoms in humans, such as hemorrhagic colitis 

(HC) and the possibly life-threatening hemolytic-uremic syndrome (HUS) (Gonzalez and 

Cerqueira, 2020). Ruminants, mainly cattle, are generally recognized as the primary natural 

reservoir and excrete these bacteria in their feces without showing clinical signs. Consequently, 

human infection occurs predominantly through the consumption of foodstuffs contaminated with 

bovine feces (Persad and LeJeune, 2014).

The most important virulence factor of STEC is the production of Shiga toxins (Stx), 

encoded by the stx1 and/or stx2 genes. Additionally, some STEC strains also possess the eae gene, 

encoding for intimin, involved in the formation of typical attaching-effacing (A/E) lesions 

(Tozzoli and Scheutz, 2014). These strains have also been referred to as enterohemorrhagic E. coli 

(EHEC). However, the EHEC terminology, based on the opinions from the 1980s that only certain 

types of STEC were able to cause severe disease in humans, is now considered obsolete by EFSA 

(Koutsoumanis et al., 2020). Therefore, the STEC nomenclature will be used in this manuscript. 

Enteropathogenic E. coli (EPEC) are characterized by production of A/E lesions, but do not 

produce Stx and may, or may not, belong to the same serogroups as STEC, such as O26 (Eichhorn 

et al., 2015).

The most frequent and pathogenic STEC worldwide include O26, O45, O103, O111, 

O121, O145 and O157 (referred to as the top 7 serogroups) (Fratamico et al., 2017). Additionally, 

other novel hybrid pathogenic strains can emerge from time to time, like the O104:H11 strain 

during the German outbreak in 2011 (Bielaszewska et al., 2011) and the O80:H2 outbreaks in 

France (Cointe et al., 2018) and Switzerland since 2013 (Nüesch-Inderbinen et al., 2018).

Nevertheless, recent data has indicated that O157 and O26 were responsible for more than 

half of the total number of confirmed human cases (34.5% and 16.6%, respectively) where the 

serogroup was known (EFSA and ECDC, 2019). This highlights the need for both increased 

epidemiological surveillance as well as intervention strategies that can effectively prevent the 

entry of these pathogens into the food chain, since specific therapies to combat or prevent human 

STEC infections are currently still lacking.

STEC O157 generally colonize the lymphoid follicle-dense mucosa of the recto-anal 

junction (RAJ) in cattle (Naylor et al., 2003), while STEC O26 colonize the bovine large intestine A
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(van Diemen et al., 2005). Consequently, sampling the RAJ using recto-anal mucosal swabs 

(RAMS) can be considered a good indicator for presence of both serogroups, since fecal material  

also adheres to the swab (Rice et al., 2003). Furthermore, it has also been shown that younger 

animals are more likely to harbor STEC O157 and O26 than older animals (Cobbold and 

Desmarchelier, 2000; Mellor et al., 2016; Browne et al., 2018). Moreover, although bovine STEC 

carriage generally occurs asymptomatically in adult cattle, some STEC, including O26, have been 

implicated in calf diarrhea (Fakih et al., 2017).

Therefore, the objectives of the present study were: (i) to assess recto-anal mucosal swabs 

(RAMS) for detection of E. coli O157 and O26 in young dairy calves on three Belgian farms, (ii) 

to investigate the presence of stx1, stx2 and eae virulence genes in the obtained isolates, (iii) to 

investigate persistence of E. coli O157 and O26 in these young calves at farm level, and (iii) to 

associate presence of E. coli O26 with calf diarrhea.
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Materials and Methods
Farm and animal selection

Three Belgian dairy cattle farms (A, B and C), situated in East Flanders and rearing 

animals belonging to the Holstein-Friesian cattle breed, were included in this study carried out 

between June 2018 and October 2018. Presence of both E. coli O157 and O26 at farm level was 

previously confirmed by sampling of the pen beddings using disposable, liquid-absorbing 

overshoes, as described previously (Cobbaut et al., 2008). All three selected farms were 

alternately visited three times, with a time interval of 4-10 weeks, during the summer season in 

order to reduce the seasonal effect on the prevalence of E. coli O157 and O26. All sampled 

animals were monitored for clinical signs of diarrhea. The average age of all calves sampled was 2 

months, ranging between 1 day to 6 months of age. At the first visit, all animals under the age of 6 

months were sampled. Hereafter, all newborn animals were included in the study at each 

subsequent visit, in addition to the remaining animals < 6 months of age. 

RAMS collection

Following tail restraint of the animals, RAMS were collected by inserting a sterile cotton 

prepping ball (Covidien, IRL) approximately 2 to 5 cm into the anus, and applying several 

circular motions. After collection, RAMS were placed in individual stomacher bags (Corning 

Gosselin, DE), appropriately labelled, transported on ice to the laboratory, and processed the 

following morning after overnight storage at 4°C. In total, 233 RAMS were collected: 74 RAMS 

were obtained from farm A, 71 RAMS from farm B, and 88 RAMS from farm C. 

Isolation of E. coli O157 and O26

Upon processing, 25 ml of maximum recovery diluent (MRD, Oxoid, UK) was added to 

each RAMS and homogenized for 1 min with a stomacher blender (Minimix, Interscience).

For E. coli O157 detection, 10 ml thereof was added to an equal volume of double-

concentrated modified tryptone soy broth (Oxoid, UK), containing 20 mg/ml of novobiocin 

(Oxoid, UK) (mTSBn), and subsequently incubated for 6 h at 37°C (Cobbaut et al., 2008). 

Immuno-magnetic separation (IMS) was performed on 1 ml of enrichment broth, using 20 l of 

anti E. coli O157 Dynabeads (Invitrogen, US), according to the manufacturer’s recommendations. 

The washed beads were then spread-plated onto sorbitol-MacConkey agar supplemented with 

cefixime (0.05 mg/l) and potassium tellurite (2.5 mg/l) (CT-SMAC) (Oxoid, UK), and incubated 

for 24 h at 37C. Following incubation, up to 4 non-sorbitol fermenting (NSF) colonies per plate A
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with typical morphology were sub-cultured on CT-SMAC for 24 h at 37C. Finally, suspect E. 

coli O157 colonies were serologically tested for the O157 antigen with an O157-specific latex 

agglutination assay (Oxoid, UK). 

For E. coli O26 detection, 10 ml of MRD suspension was added to an equal volume of 

double-concentrated brilliant green bile lactose broth (Brila broth, Merck, DE) and subsequently 

incubated for 20 h at 37°C, followed by a selective acid treatment (Verhaegen et al., 2016). 

Briefly, 2 ml of the enriched broth was centrifuged at 12,000  g for 3 min. The pellet was 

resuspended in acidified (pH = 2) tryptone soy broth (TSB, Oxoid, UK) and incubated on a rotary 

mixer (Labinco L-28, NL) at room temperature for 30 min. The samples were again centrifuged at 

12,000  g for 3 min, and the pellet was resuspended in 1 ml of sterile phosphate buffered saline 

(PBS, Oxoid, UK). Finally, 100 l was plated onto supplemented CHROMagarTM STEC 

(CHROMagar, FR) and incubated for 24 h at 37C. Ten suspect mauve colonies from each plate 

were sub-cultured on plate count agar (PCA, Oxoid, UK) for 24 h at 37C. 

DNA extraction, molecular serotyping and virulotyping

All confirmed E. coli O157 isolates were individually boiled in 100 l of RNase-free water 

at 95°C for 17 min, followed by centrifugation (12,000  g, 2 min), while all 10 suspect E. coli 

O26 isolates, originating from the same sample, were first pooled in 100 l of RNase-free water 

and processed in an identical manner. All supernatants were stored at -20°C until use in PCR.

Individual O157 supernatants and pooled suspect O26 supernatants were then tested for the 

O157 and O26 serogroup by serogroup-specific PCR, respectively, using previously described 

primers (Possé et al., 2007). If the pooled colonies were positive for the O26 serogroup, all ten 

individual colonies were subsequently tested for the O26 serogroup. PCR was performed using a 

PTC-100TM programmable thermal controller (MJ Research, Inc., US). Briefly, PCR conditions for 

O-serogroup determination (targeting the O-antigen flippase, wzx) were 95°C for 40 s, followed 

by 30 cycles of 95°C for 30 s, 59°C for 45 s, and 72°C for 45 s. The final cycle was followed by 

an extension step at 72°C for 3 min. Amplification was performed using 25 L of PCR mix 

containing molecular grade RNAse-free water, 5  Green GoTaq Flexi Buffer, 10mM dNTPs, 

1000 nM of forward and reverse primer, 25 mM MgCl2, 0.75 U GoTaq DNA polymerase, and 2 

L of bacterial DNA lysate.

Hereafter, all confirmed O157 and O26 isolates were tested for presence of virulence genes 

(stx1, stx2 and eae) by multiplex polymerase chain reaction (mPCR) using previously described A
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primers (Possé et al., 2007). Briefly, PCR conditions for detection of virulence genes were 95°C 

for 3 min, followed by 30 cycles of 95°C for 20 s, 58°C for 40 s, and 72°C for 30 s. The final 

cycle was followed by an extension step at 72°C for 8 min. Amplification was performed using 25 

L of PCR mix containing molecular grade RNAse free water, 5  Green GoTaq Flexi Buffer, 

10mM dNTPs, 400 nM of stx2 primer, 1000 nM of stx1 and eae primer, 25 mM MgCl2, 1.75 U 

GoTaq DNA polymerase, and 1 L of bacterial DNA lysate.

Finally, PCR products (10 l) were electrophoresed (EHS3500, Consort, BE) in 1.5 % 

(w/v) agarose gels in 1  TAE buffer (0.1 M Tris, 0.1 M acetic acid, and 0.002 M NaEDTA), 

stained using ethidium bromide (1 g/ml), and photographed under ultraviolet light (Bio-Rad, Gel 

DocTM EZ Imager). 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Results
Presence of E. coli O157 and O26 in RAMS

In total, 45/233 RAMS (19%) tested positive for presence of E. coli O157 (Table 1). Farm 

A showed the overall highest number of E. coli O157 positive RAMS (25/74; 34%), followed by 

farm C (20/88; 23%). However, all RAMS collected from farm A at the first sampling occasion, 

and all RAMS collected from farm B throughout the entire study period remained E. coli O157 

negative. In addition, 72/233 RAMS (31%) tested positive for E. coli O26 (Table 1). More than 

half (37/71; 52%) of the RAMS collected from farm B were E. coli O26 positive, while farm A 

(18/74; 24%) and C (17/88; 19%) showed lower but similar percentages of E. coli O26 present. In 

contrast to E. coli O157, all three farms were consistently positive for presence of E. coli O26 in 

RAMS throughout the entire study period. Furthermore, a small proportion of animals (11/233 

RAMS, 5%) was also found to be simultaneously positive for both E. coli O157 and O26 in 

RAMS: eight animals on farm A and three animals on farm C. 

While it was not our primary objective to investigate persistence of E. coli O157 and O26 

in individual animals, our study design, nevertheless, resulted in a small cohort of animals (24, 19 

and 23 on farm A, B and C, respectively) that were sampled on more than one sampling occasion 

on each farm (Table 2). On farm A, only one animal was positive for E. coli O26 and the same 

virulence genes on two sampling occasions. On farm B, five animals were found to be positive for 

E. coli O26 on two sampling occasions. However, when comparing the virulence gene profiles of 

the obtained E. coli O26 isolates, only one animal showed a consistent profile of stx1 and eae 

between the different sampling occasions. The profiles of three other animals shifted from stx1 

and eae to stx2 and eae, while the profile of the fifth animal shifted from stx1 and eae to only eae, 

suggesting that different strains belonging to the same serogroup infected the animals. On farm C, 

three animals were positive for the same E. coli serogroup and virulence genes: one animal was E. 

coli O26 positive on the first two sampling occasions, one was E. coli O157 positive on the first 

and last sampling occasion, and one was E. coli O157 positive on the last two sampling occasions.

Presence of stx1, stx2 and eae virulence genes

A total of 143 E. coli O157 colonies from 45 RAMS were isolated and screened for 

presence of the stx1, stx2 and eae genes by mPCR. With the exception of one isolate from farm C 

that was stx1, stx2 and eae positive, all other E. coli O157 isolates (142/143) were stx2 and eae 

positive (Table 3). Additionally, out of the 424 E. coli O26 isolates obtained from 72 RAMS, 31 A
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(7%) were only stx1 or stx2 positive, 230 (54%) were stx and eae positive, and 163 (38%) were 

only eae positive (Table 3). In 63 of the 72 RAMS (87.5%), all confirmed E. coli O26 isolated 

from the same sample possessed the same virulence genes. However, in 9 RAMS (12.5%), the 

O26 isolates differed in one or more virulence genes within the same sample. Furthermore, the 

virulence gene profiles of the E. coli O26 isolates were farm-dependent, with the majority of 

isolates from farm A being only eae positive (71/78, 91%), while the majority of isolates on farm 

B (155/245; 63%) and C (71/101; 70%) possessed both the stx and eae genes. 

Effect of age on presence of E. coli O157 and O26

The influence of animal age on the presence of E. coli O157 and O26 is shown in Figure 1.  

The highest percentage of E. coli O157 positive animals were found to be those between 90-120 

days of age (36%), while the highest percentage of E. coli O26 positive animals were those 

between 15-30 days of age (44%). In contrast, very few animals <14 days of age were positive for 

E. coli O157 or O26 (2% and 7%, respectively).

Association between presence of E. coli O26 and calf diarrhea

Throughout this study, a total of 22 calves exhibited clinical signs of diarrhea. In RAMS 

from 16 diarrheic calves, no E. coli virulence genes and no E. coli O26 could be detected. In 

RAMS from five diarrheic calves, E. coli O26 could be detected: three calves with O26 EPEC 

(eae only) and two calves with O26 STEC (stx1 + eae). Additionally, one diarrheic calf was 

positive for E. coli O157 STEC (stx2 + eae). 
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Discussion
The objectives of this study were to assess RAMS for detection of E. coli O26 and O157, 

to investigate their occurrence on three Belgian dairy cattle farms, and to investigate the presence 

of virulence genes in the confirmed isolates, since these two E. coli serogroups are most 

commonly associated with human illness. Furthermore, O26 STEC has been implicated as 

causative agent in calf diarrhea (Mainil and Fairbrother, 2014; Fakih et al., 2017), which still 

remains a major cause of financial losses for cattle farmers. 

Our results confirmed that collecting and culturing RAMS was a suitable method to detect 

both E. coli O157 and O26, as previously reported (Murphy et al., 2016; McCabe et al., 2019). 

Despite the fact that both serogroups exhibit different tissue tropisms, RAMS allows the 

simultaneous sampling of the rectal mucosa and fecal material, making it an appropriate method to 

investigate presence of E. coli O157 and O26. The E. coli O157 isolation procedure applied in this 

study is generally considered the gold standard for isolation of this specific serogroup (ISO 

16654:2001), and found 19% of all RAMS to be positive for E. coli O157. On the other hand, 

implementation of a post-enrichment acid treatment procedure, originally implemented for 

improved isolation of STEC from contaminated food samples (Fedio et al., 2012), indicated that 

31% of all RAMS was positive for E. coli O26. However, while urease-mediated acid resistance 

has been shown to be associated with major STEC groups, such as O26, diarrheagenic E. coli 

strains of other pathogroups, including EPEC, do not share this association (Friedrich et al., 2005). 

Therefore, the possibility exists that not all E. coli strains with the O26 serogroup were recovered 

in this study. 

In accordance with previous observations (Pearce et al., 2004; Bibbal et al., 2015; Murphy 

et al., 2016), the present study identified only a small proportion of animals (11/233 RAMS, 5%) 

that were simultaneously positive for E. coli O157 and O26, suggesting competition between 

different strains to assert intestinal dominance. However, since this study focused only on the two 

serogroups most implicated in human illness, additional E. coli serogroups might also be involved.

An age trend was also observed in this study, with the lowest prevalence of E. coli O157 

and O26 found in newborn animals (<14 days). Interestingly, peak percentages of E. coli O26 

positive animals were observed at an earlier age (15-30 days) compared to E. coli O157 (90-120 

days), suggesting that the former have an advantage over the latter regarding colonization of these 

animals. Additionally, the number of E. coli O157 positive animals gradually increased according A
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to animal age, while the opposite occurred for E. coli O26, which was already abundantly present 

at a younger age. Factors such as immunity, changes in nutrients, age-related rumen development, 

the microbiome or differences in virulence factors between both E. coli serogroups might play a 

role, but these were not examined in this study (Magnuson et al., 2000; Menge et al., 2015; 

Fitzgerald et al., 2019). Nevertheless, our findings demonstrate the wide distribution of both 

serogroups throughout the entire calf population, suggesting transmission within and between 

these age groups contributes to E. coli O157 and O26 persistence on dairy cattle farms, thus 

underlining the importance of adequate hygienic practices in veal husbandry and meat processing 

facilities. Although the majority of human STEC infections are associated with the consumption 

of fecally contaminated foodstuffs or water, direct contact with infected animals or farm 

environments has also been reported as a possible route for human STEC transmission (Heuvelink 

et al., 2002; Schlager et al., 2018). Young dairy calves are often housed at petting zoos in 

Belgium, where mostly children get the chance to pet and feed these animals. Consequently, they 

may be exposed to circulating pathogenic E. coli strains, with the risk of developing STEC-

associated HUS, which is still the leading cause of acute renal failure in children (Harkins et al., 

2020). However, the majority of visitors are often ignorant of the possible risk of infection through 

contact with farm animals, stressing the need to raise public awareness regarding STEC 

transmission and the importance of proper hand hygiene after contact with animals. 

The combination of stx2 and eae is generally a reliable predictor that the STEC strain may 

potentially cause HC or HUS (FAO and WHO, 2019). All E. coli O157 isolates, except one stx1, 

stx2 and eae positive isolate, possessed both stx2 and eae, and can therefore be considered as 

potentially highly pathogenic strains. This predominant E. coli O157 virulence gene profile in 

cattle has also been described previously (Bibbal et al., 2015; Murphy et al., 2016). Two decades 

ago, a virulence shift in STEC O26 was observed from stx1-eae producing strains to stx2-eae 

producing strains that were more frequently associated with HUS than stx1-only strains 

(Bielaszewska et al., 2013). However, out of the 230 stx-eae positive O26 colonies isolated in the 

present study, 194 (84%) were stx1 and eae positive, and only 32 (14%) were stx2 and eae 

positive, and 4 (2%) were stx1, stx2 and eae positive (Table 3).

Interestingly, our results also demonstrated that the majority of E. coli O26 found on farm 

A was eae only positive, while the majority of E. coli O26 on farms B and C was positive for both 

stx and eae. In other words, this suggests that farm A was dominated by the O26 EPEC pathotype, 

while farms B and C were dominated by the O26 STEC pathotype. However, interconversion A
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between EPEC and STEC by loss or gain of Stx-encoding bacteriophages has been described 

(Bielaszewska et al., 2007), questioning the true molecular identity of these O26 EPEC strains and 

requiring further characterization.

Occurrence of E. coli O157 and O26 within the same animal over time appeared to be 

relatively transient. Out of the 66 individual animals that were sampled more than once, only 5 

animals (8%) were positive for the same E. coli serogroup and the same virulence genes on more 

than one sampling occasion, suggesting repeated exposure and subsequent consecutive infections 

with different strains over time, rather than persistence of a more dominantly colonizing strain, as 

previously reported (Rahn et al., 1997). 

A few STEC serogroups, including O26, are responsible for diarrhea in young calves 

(Mainil and Daube, 2005; Moxley and Smith, 2010; Mainil and Fairbrother, 2014). However, the 

majority of diarrheic calves (16/22; 73%) were negative for both E. coli virulence genes and the 

O26 serogroup. Thus, a correlation between E. coli O26 presence and calf diarrhea was absent in 

this study and we cannot confirm that O26 STEC or EPEC was responsible for calf diarrhea on 

these farms. 

In conclusion, the present study focused on the two most prevalent STEC serogroups in 

humans, O157 and O26, and demonstrated that they can be frequently found in mostly clinically 

healthy animals, with an overall higher prevalence of E. coli O26 (31%) compared to O157 (19%). 

While both serogroups persisted at farm level for a period of up to five months, their occurrence 

within the same animal over time appeared to be relatively transient. Importantly, the majority of 

the E. coli O157 and O26 virulence gene profiles suggest a high pathogenic potential to humans, 

emphasizing the need for effective control strategies to reduce the risk of human transmission. 

Additionally, no correlation between presence of E. coli O26 and calf diarrhea could be observed. 

Further studies are currently being undertaken to investigate the occurrence of other conventional 

and non-conventional O-serogroups isolated from RAMS collected in the present study. 
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Table 1 

Isolation of E. coli O157 and O26 in RAMS from young dairy calves on three Belgian farms 

Table 2 

No. of dairy calves per farm testing positive for the same E. coli serogroup at multiple sampling 

points 

Table 3 

Presence of virulence genes in E. coli O157 and O26 isolates

 

*positive for the same E. coli serogroup at more than one sampling point

NS: not sampled
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Table 1

E. coli serogroup

Farm Sampling (date) No. RAMS collected O157 positive (%) O26 positive (%)

A 1 (11/06/2018) 16 - 1 (6)

2 (06/08/2018) 24 8 (33) 10 (42)

3 (24/09/2018) 34 17 (50) 7 (21)

 Total 74 25 (34) 18 (24)

B 1 (18/06/2018) 23 - 10 (43)

2 (27/08/2018) 26 - 14 (54)

3 (24/09/2018) 22 - 13 (59)

 Total 71 - 37 (52)

C 1 (02/07/2018) 26 5 (19) 6 (23)

2 (20/08/2018) 25 1 (4) 5 (20)

3 (08/10/2018) 37 14 (38) 6 (16)

 Total 88 20 (23) 17 (19)

Overall 233 45 (19) 72 (31)

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Table 2 
No. animals sampled more than once Serogroup and virulence factors in positive samples

Farm Total Twice Thrice Positive* Sampling 1 Sampling 2 Sampling 3

A 24 18 6 1 NS O26 (eae) O26 (eae)

B 19 19 / 5 NS O26 (eae, stx1) O26 (eae, stx1)

NS O26 (eae, stx1) O26 (eae, stx2)

NS O26 (eae, stx1) O26 (eae, stx2)

NS O26 (eae, stx1) O26 (eae, stx2)

NS O26 (eae, stx1) O26 (eae)

C 23 10 13 3 O26 (eae) O26 (eae) /

O157 (eae, stx2) / O157 (eae, stx2)

NS O157 (eae, stx2) O157 (eae, stx2)

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Table 3

Virulence genes

Farm Serogroup No. of isolates eae stx1 stx2

A O157 90   

O26 71   

2   

2   

3   

B O157 / / / /

O26 67   

125   

30   

23   

C O157 52   

1   

O26 25   

67   

4   
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