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Abstract
Post-weaning diarrhea (PWD) in pigs is a worldwide economically important disease characterized by reduced pig performance. Al-
though relevant, recent data on prevalence of virulence genes and pathotypes in Belgium and The Netherlands are relatively scarce.
The present study investigated the prevalence of fimbrial and toxin genes of E. coli using PCR in 539 PWD-affected farms in Belgium
and The Netherlands. A total of 1404 samples were collected at early onset of PWD and submitted for diagnostic examination. Fol-
lowing standard bacteriological isolation of E. coli, PCR analysis was performed to detect genes encoding for fimbriae (F4, F5, F6, F18,
F41) and toxins (LT, STa, STb, Stx2e). The prevalence of fimbriae and toxins among E. coli isolated from PWD-affected piglets was: F4
(43.1 %), F18 (39.0 %), F41 (3.8 %), F5 (1.4 %), F6 (1.2 %), STb (54.1 %), STa (49.7 %), LT (28.3 %) and Stx2e (5.0 %). Isolates carry-
ing both fimbrial and toxin genes were detected in 50.5 % of the cases (709 out of 1404), with 94.9% classified as enterotoxigenic E.
coli (ETEC). This study confirms that ETEC is frequently isolated in PWD-affected farms with F4- and F18-ETEC pathotypes involved
in 34.7 and 27.8 % of the cases, respectively.
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Abbreviations: ETEC: Enterotoxigenic Escherichia coli; STEC: Shiga toxin-producing Escherichia coli; LT: Heat-labile toxin; STa: Heat-

stable toxin a; STb: Heat-stabile toxin b; TSA: Tryptose soy agar; PWD: Post-weaning diarrhea; AIDA: Adhesion involved in diffuse adher-

ence; EAST1: enteroaggregative E. coli heat stable enterotoxin
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Introduction

Post-weaning diarrhea (PWD) in pigs is a worldwide economically
important disease (Fairbrother et al., 2005), characterized by in-
creased mortality, weightloss, retarded growth, increased treatment
costs, higher use of antibiotics and batch-to-batch variation (Hoa et
al.,, 2013; Lyutskanov, 2011; Svensmark et al. 1989a; Svensmark et
al,, 1989b; Tubbs et al., 1993; USDA, 2002; Zhang et al., 2007). En-
terotoxigenic E. coli (ETEC) is regarded the most important cause
of PWD. The ETEC pathotype is typically characterized by the pres-
ence of fimbrial adhesins, which mediate attachment to porcine
intestinal enterocytes, and enterotoxins, which disrupt fluid ho-
meostasis in the small intestine. This results in mild to severe diar-
rhea within a few days post-weaning, associated with clinical signs
of dehydration, loss of body condition (= disappearance of muscle
volume) and mortality (Fairbrother et al., 2012). The adhesive fim-
briae most commonly occurring in ETEC from pigs with PWD are F4
(K88) and F18 (Fairbrother et al,, 2012). Other fimbriae such as F5
(K99), F6 (987P) and F41 rarely occur in E. coli isolates from PWD
(Fairbrother et al.,, 2012; Chen et al., 2004; Frydendahl, 2002; Luppi
etal., 2016; Vu-Khac et al., 2006). The main enterotoxins associated
with porcine ETEC are heat-labile toxin (LT), heat-stable toxin a
(STa) and heat-stable toxin b (STb). In some cases, both enterotox-
ins and a Shiga toxin (Stx2e) are produced by the pathogenic stains
(Fairbrother et al., 2012). Classification of these strains is rather
challenging, although some authors classify them as ETEC rather
than Shiga toxin-producing E. coli (STEC) (Fairbrother et al.,, 2012).

The disease is currently controlled using antimicrobials, although
the emergence of antimicrobial resistance in E. coli strains isolated
from cases of PWD urges the need for alternative control measures
(Abraham et al,, 2014; Abraham et al., 2015; Boyen et al,, 2010; Ja-
hanbakhsh et al,, 2016; Luppi et al,, 2013). Besides antimicrobials,
zinc oxide (ZnO) has been demonstrated to prevent and heal PWD
(Poulson, 1995). Therefore, ZnO has been admitted in the preven-
tion and control of PWD atlevels up to 3,000 parts per million (ppm)
through the feed for a maximum of 14 days post-weaning in most
European countries. However, Committee for Veterinary Medicinal
Products (CVMP) has recently decided that the use of ZnO in post-
weaning diets should be phased out the latest by 2022 throughout
the EU (EMA, 2017). Thus, other preventive strategies have to be ex-
plored, such as an E. coli vaccination against PWD, which is specifi-
cally targeted against F4- and F18-ETEC (Fairbrother et al,, 2005;
Fairbrother et al., 2017; Nadeau et al.,, 2017).

In the light of these recent evolutions, it is prerequisite to inves-
tigate the occurrence and distribution of fimbriae and virulence
factors among E. coli isolates from cases of PWD in order to deter-
mine the predominant pathotypes and virotypes present in post-
weaning facilities suffering from PWD. A simple and easy method
to determine the presence of ETEC fimbrial adhesins is slide ag-
glutination, which is particularly useful for identification of F4
(Luppi etal., 2016). For other fimbrial adhesins, such as F5, F6 and
F41, its reliability is lower due to their variable expression in vitro
(Fairbrother et al., 2012; Mullaney et al., 1991). Nowadays, geno-
typic analysis is routinely used to investigate the E. coli virotype
associated with intestinal infection. In most veterinary diagnostic
laboratories, multiplex PCR analysis is applied to detect both genes
encoding for fimbrial adhesins (F4, F5, F6, F18 and F41) and toxins
(LT, STa, STb and Stx2e) (Luppi et al., 2016). In Poland, Denmark
and Slovakia, differences in prevalence of the main fimbrial types
in E. coli isolated from PWD cases have been reported (Osek, 1999;
Frydendahl, 2002; Vu-Khac et al,, 2006). Recently, prevalence of
ETEC virulence factors was reported from several countries in
Western Europe (Luppi et al.,, 2016), indicating that both F4 and
F18 were the most prominent fimbriae in PWD. However, in this
study, isolation and characterization of all samples was not per-
formed in one laboratory and only a limited portion (< 20%) of the

samples originated from Belgium and The Netherlands.

This study reports on the prevalence of enterotoxigenic E. coli
pathotypes and virotypes isolated from piglets suffering from post-

weaning diarrhea in Belgium and The Netherlands.

Materials and Methods

Sampling of pig farms with cases of PWD

A total of 539 pig farms with acute cases of PWD were sampled as
part of the diagnostic support to the E. coli vaccine (Coliprotec®
F4/F18; Elanco, Greenfield (IA), USA) between January 2015 and
December 2016. Farms were located in Flanders, Belgium (n=262)
and The Netherlands (n=277). Sampled herds had a history of PWD
occurring from 3 days until 3 weeks post-weaning, as confirmed by
the typical clinical signs: watery diarrhea, dehydration, decreased
feed intake, general depression, increased mortality and increased

use of antimicrobial therapy.

Diagnostic samples were obtained from 1403 three- to five-week
old piglets with typical signs of diarrhea through rectal sampling

within 48h after the occurrence of the first clinical symptoms of
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PWD and before administration of specific antimicrobial treat-
ment. All rectal samples were collected using a sterile transport
swab containg Amies transport medium with charcoal (Copan Italia
S.p.a., Bescia, Italy). The use of ZnO in these farms was not recorded.
A detailed description of number of samples, number of samples
positive for E. coli and type of samples by country and in total is

presented in Table 1.

Country Farms | Samples
n Positive Type
samples (%
/ number)
Belgium 262 528 49.6 (262) | Rectal swab
The Nether- 277 876 31.6 (277) | Rectal swab
lands
Total 539 1404 38.4 (539)

Table 1: Number of farms, samples, sample results positive for
E. coli (percentage / number) and sample type investigated in

this study by country of origin.

Isolation and characterization of Escherichia coli isolates

Samples were sent to one central veterinary diagnostic labora-
tory (Instituto Zooprofilattico Sperimentale della Lombardia e
dell’Emilia Romagna (IZSLER), Emilia Romagna, Italy) for further
processing using standard procedures for isolation and character-
ization of intestinal E. coli (Luppi et al., 2013). Briefly, samples were
plated on selective media and on tryptose soy agar (TSA) medium
supplemented with 5% of defibrinated ovine blood and incubated
aerobically overnight at 37°C. The semi-quantitative evaluation of
pathogenic E. coli grown in culture, was considered as diagnostic
criteria. Haemolytic activity was evaluated and single coliform colo-

nies were further characterized by biochemical methods.

DNA extraction and characterization of virulence factors by PCR
DNA samples were prepared from one up to three haemolytic and/
or non haemolytic E. coli colonies and used to perform a multiplex
PCR for the detection of fimbrial and toxin genes, including those
encoding for F4 (K88), F5 (K99), F6 (987P), F18, F41, LT, STa, STb
and Stx2e. The test could not discriminate between F4ab, F4ac and
F4ad. The methodology for identification of these virulence genes
has previously been described in detail (Fairbrother et al., 2005).

When E. coli isolates with the same combination of virulence fac-
tors (virotype) were detected in the same herd, they were consid-

ered duplicates of an E. coli prototype strain, which was considered

for the prevalence calculations. The E. coli strains carrying a combi-
nation of both fimbrial and toxin genes were classified into patho-
types. Isolates encoding at least one of the investigated enterotox-
ins together with Stx2e and F18 fimbriae were classified as ETEC as
previously proposed (Fairbrother et al,, 2012). [solates carry genes
for adhesive fimbriae (F18) and Stx2e were classified as STEC.

Results

A total of 1404 DNA samples belonging to the same number of E.
coliisolates and representing all of the 539 PWD-affected pig farms
included in this study were analysed by PCR. These isolates were
classified as being positive or negative for the presence of one or
more virulence genes (F4, F5, F5, F18, F41, LT, STa, STb and Stx2e).
Following these criteria and excluding isolates which were con-
sidered duplicates within herds, the prevalence of virulence genes
was calculated. Sixty-two per cent (870 out of 1404) of E. coli iso-
lates carried at least one virulence factor, while 38.0 % (534 out
of 1404) resulted negative for all of the virulence factors currently
investigated. Fimbrial genes were identified in 58.4 % (820 out of
1404) and toxin genes in 50.3 % (706 out of 1404) of the isolates.
In 11,5% (161 out of 1404) of the E. coli isolates, a single virulence

gene was detected.

The prevalence of fimbrial and toxin genes in non-duplicate E. coli
isolates from PWD-affected pig farms in Belgium and The Nether-
lands is shown in Table 2. Overall, the adhesive fimbriae most com-
monly detected was F4 (43.1%), followed by F18 (39.0%). Nine
isolates possessed genes for two types of fimbriae. The combina-
tion of F4-F18 was detected in 4 isolates, whereas other combina-
tions were F18-F41 (n=2), F6-F18 (n=2) and F4-F6 (n=1), with or
without toxin genes. The most prevalent toxin was STb (54.1%),
followed by STa (49.7%) and LT (28.3%).

Based on the presence of genes for both fimbriae and toxins, 71.7%
(389 out of 542) of the E. coli isolates were classified into patho-
types (Table 3). ETEC was the most prevalent pathotype with 94.9
% of the isolates (369 out of 389). The ETEC virotypes most com-
monly detected were (i) F18 STa STb (18.5%); (ii) F4 STa STb LT
(15.2 %); (iii) F4 STa STb (14.9%); (iv) F4 STb LT (8.7%) and (v)
F4 LT (8.0 %). Both F4 and F18 were mostly detected in combina-
tion with toxin genes encoding for STa and STb, and only in third
instance with LT. Among the ETEC, 8 isolates encoded for Stx2e in
addition to enterotoxins and F18 fimbriae. Twenty isolates (5.1%)
were classified as STEC, only encoding for the combination of Stx2e
with F18.
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Country and number of Percentage (number) of positive E. coli isolates
isolates tested Fimbriae Toxins
F4 F5 F6 F18 F41 LT STa STb Stx2e
Belgium (n=264) 45.5(120) | 1.1(3) |1.1(3) | 33.3(88) |3.8(10) | 20.1(53) | 42.0(111) | 44.3(117) | 6.1 (16)
The Netherlands (n=316) | 41.1 (130) | 1.6 (5) | 1.3 (4) | 43.7 (138) | 3.8 (12) | 35.1 (111) | 56.0 (177) | 62.3 (197) | 4.1 (13)
Total (n=580) 43.1(250) | 1.4 (8) |1.2(7) | 39.0 (226) | 3.8 (22) | 28.3 (164) | 49.7 (288) | 54.1 (314) | 5.0 (29)

Table 2: Prevalence of examined genes for fimbriae and toxins among 580 isolates

of E. coli recovered from pigs with PWD in Belgium and The Netherlands.

Wi EEmT Number of positive E. coli isolates E. coli characterized as ETEC pathotype were haemolytic in 75.6%
combination Belgium | The Netherlands Total of all cases (294 out of 389), while the remaining 24.4 % were non
n n n % haemolytic. All STEC isolates (F18 Stx2e) were haemolytic.
F18STaSTb 29 43 72 | 18.5% ETEC was detected in 66.8% of the 539 PWD-affected farms inves-
F4STaSTbLT 20 39 59 | 15.2% tigated in Belgium and The Netherlands. The rate of ETEC-positive
F4STaSTb 34 24 58 | 14.9% farms was slightly higher (76.5%) in The Netherlands as compared
F4STbLT 10 24 34| 87% to Belgium (56.5%). In both countries, F4-ETEC was the main
F4LT 10 21 31| 8.0% pathotype with 34.7% of the examined farms. F18-ETEC was de-
F18STa 7 16 23 | 5.9% tected in 27.8% of the PWD-affected farms. In only one farm, an
F18Stx2e 15 5 20 | 5.1% ETEC harbouring both F4 and F18 was detected. A detailed de-
F18STh 5 11 16 | 4.1% scription of ETEC prevalence at farm level in both Belgium and The
F18STaSTbLT 2 9 11| 2.8% Netherlands is given in Table 4.
F45Ta 6 3 9 | 2:3% ETEC subtype | Percentage® (number) of affected pig farms
F18STbLT 1 7 8 | 21% in a given country
F18LT 2 4 6 | 1.5% Belgium | The Netherlands Total®
F4STb 3 3 6 | 1.5% F4-ETEC 30.9 (81) 38.3 (106) 34.7 (187)
F41STb 3 2 5| 1.3% F18-ETEC 22.1(58) 33.9 (94) 28.2 (152)
F4STaLT 3 2 5| 1.3% F4-F18-ETEC - 0.4 (1) 0.2 (1)
F41STa 1 3 4 | 1.0% F5-ETEC 1.1(3) 1.8 (5) 1.5(8)
F5STa 1 3 4 | 1.0% F6-ETEC 0.8 (2) 0.4 (1) 0.6 (3)
F18STaSTbStx2e 0 3 3 | 0.8% F41-ETEC 1.5(4) 1.8 (5) 1.7 (9)
F6STaLT 2 1 3| 0.8% All subtypes 56.4 (148) 76.5(212) 66.8 (360)
F18STaLTStx2e 0 2 2| 05% ", . . .
*Percentage of positive farms over total farms investigated in a
F5STaSTb 1 L 2 | 05% given country: Belgium (n=262), The Netherlands (n=277)
F5STb 1 1 2 | 05% bPercentage of positive farms over all farms investigated (n=539)
F18STaLT 0 1 1| 0.3%
F18STaSTbLTStxZe 0 1 11 03% Table 4: Prevalence of ETEC fimbrial subtypes among 539 pig farms
with cases of PWD examined in Belgium and The Netherlands.
F18STaStx2e 0 1 1| 0.3%
F18STbStx2e 1 0 1| 0.3%
F4F18STaLT 0 1 1| 0.3%
F6F18STbLT 0 1 1| 0.3%

Table 3: Distribution of encoded virulence factor combinations
among 389 non duplicate E. coli isolates from cases of PWD in Bel-
gium and The Netherlands classified as ETEC and STEC in decreas-

ing order of prevalence.
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Discussion

In the present study, the prevalence of fimbrial and toxin genes is
described during the early phases of PWD under field conditions
in Belgium and The Netherlands. From the different fimbrial ad-
hesins detected, F4 was the type most commonly detected, imme-
diately followed by F18 (43.1% and 39.0%, respectively). These
results from Belgium and The Netherlands are accordance with
previous studies in several European countries (Belgium, France,
Italy, Germany and The Netherlands) (Luppi et al., 2016) Denmark
(Frydendahl, 2002), Slovakia (Vu-Khac et al., 2004), Poland (Zaja-
cova et al., 2012). Nevertheless, in Slavakia and Poland, F18-ETEC
had a higher prevalence (Vu-Khac et al., 2006; Osek et al., 1999).
In Australian pigs, F4 was the most common fimbrial adhesin as-
sociated with diarrhea during the post-weaning period (Smith et
al,, 2010), whereas in Cuban pigs F18-ETEC was apparently more
prevalent in PWD-affected farms (Blanco et al.,, 2006). However, in
a recent study (de la Fé Rodriguez et al,, 2011), both F4 and F18
were found to be highly prevalent in Cuban piggeries. In the United
States, 64.6% of E. coli isolates from diarrheal pigs were F4-posi-
tive (Zhang et al., 2007).

Although atypical for the post-weaning phase, some ETEC strains
were detected with genes encoding for F5, F6 and F41, which are
predominantly associated with diarrhea in younger suckling pig-
lets. This observation is in accordance with previous studies (Kwon
et al,, 2002; Frydendahl, 2002; Chen et al., 2004; Vu-Khac et al,,
2006; Luppi et al.,, 2016). In 54.1% of the cases, enterotoxin STb
was prevalent. This enterotoxin is associated with severe fluid loss
in the small intestine of the weaned piglet, consequently resulting
in dehydration and depression of the PWD-affected piglets (Fair-
brother et al.,, 2005; Fairbrother et al.,, 2012). Other studies (Fry-
dendahl, 2002; Zhang et al., 2007; Luppi et al,, 2016) also observed
STb as the predominant enterotoxin in PWD-affected piglets.

In 71.7% of the isolates, the detected combination of fimbriae and
toxins could be classified as a specific pathotype (Fairbrother et
al,, 2005). In a previous study in Western Europe, only 52.5% of
the isolates could be recognized as a specific pathotype (Luppi et
al,, 2016). Both ETEC and STEC were identified among the E. coli
isolates from PWD-affected farms in Belgium and The Netherlands,
with the vast majority being classified as ETEC (94.9%), which is an
identical percentage as compared to the previous study in Western
Europe (Luppi etal.,, 2016). The low percentage of STEC seems logi-

cal as specific sampling instructions described that rectal sampling

of individual piglets with diarrhea should be performed. These
specific criteria predominantly exclude Shiga toxin-related edema
disease from the clinical picture, since the disease is not necessar-
ily related with clinical diarrhea. The recovery of 71.7% of isolates
being classified as a specific pathotype is more successful as com-
pared to the earlier study, resulting in 52.5% recovery rate (Luppi
et al,, 2016). This high recovery rate indicates that sampling has
been conducted in the early stage of onset of PWD, before antibi-
otic treatment and thus increasing the likelihood of detecting the

causal agent rather than other resident E. coli.

A total of nine ETEC isolates had a combination of two fimbrial
adhesins, namely F4-F18, F4-F6, F6-F18 or F18-F41. ETEC patho-
types with combination of genes encoding for two adhesins has
been described previously (Kwon et al,, 2002; Frydendahl, 2002;
Chen et al.,, 2004; Vu-Khac et al,, 2004; Luppi et al,, 2016) and could
offer them a pathogenic advantage through multiple adhesive op-
tions (Nagy and Fekete, 1999).

In the present study, virotypes with a specific combination of fim-
brial adhesine F4 and toxins STa STb were most prevalent (117 out
of 389), followed by STa STb LT (59 out of 389) and STb LT (34
out of 389). These results are partly in line with previous results in
Western Europe and Denmark, where F4 combined with the toxins
STb LT and STa STb LT was detected as the most prevalent (Fryden-
dahl, 2002; Luppi et al,, 2016). In contrast to other regions where
a dramatic increase in F4 STa was reported over time, F4 STa was
only present in 2.3 % of our E. coli isolates (Noamani et al., 2003).
A more detailed analysis of virotype prevalences in Belgium and
The Netherlands demonstrated no major differences, except for F4
STa STb being more prevalent in Belgium, whereas F18 STa was
more prevalent in The Netherlands. These data suggest geographi-
cal differences among the major virotypes of F4-ETEC detected in
cases of PWD.

Thirty-eight per cent of the E. coli isolates lacked any of the viru-
lence factors investigated, whereas 11.5% of the isolates encoded
for only one of the virulence factors. Therefore, nearly half of the
E. coli isolates were considered non pathogenic. However, isolates
carrying only a toxin without any known fimbriae and vice versa
have been described previously (Vu-Khac et al., 2006; Nagy et al,,
1990; Luppi et al,, 2016). The role of these strains in the develop-
ment of PWD need further investigation into other currently un-

known adhesins and enterotoxins, which might play a role in PWD
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pathogenesis. Some of these virulence factors such as AIDA (ad-
hesin involved in diffuse adherence) and toxin EAST1 (enteroaggre-
gative E. coli heat stable enterotoxin 1) have been recovered from
piglets with diarrhea, although their specific role in PWD still has to
be clarified (Zajacova et al., 2012; Ravi et al., 2007).

In the current study of PWD-affected farms, 360 of the farms inves-
tigated (66.8%) were positive for the presence of ETEC in samples
for diarrheic piglets post-weaning. This result is higher as com-
pared to the recent study in different countries in Western Europe,
which reported 59.6% of positive samples. This might be due to
different approach on sample analysis. In our study, all collected
samples were analyzed in one diagnostic veterinary laboratory (1Z-
SLER, Italy) using a uniform sample analysis procedure, whereas in
the previous study, several different laboratories with slightly dif-
ferent procedures were enrolled for the study. Moreover, in the cur-
rent study, veterinary practitioners were clearly briefed on specific
sampling criteria and correct sampling procedures (timing, clinical
signs), which might have impacted the recovery rate of E. coli iso-

lates.

Overall, examination of ETEC subtypes associated with PWD re-
vealed that F4-ETEC is the main fimbrial subtype in Belgium and
The Netherlands, followed by F18-ETEC. In both countries, the
prevalence of F4-ETEC was consistently higher as compared to
F18-ETEC, although the difference was not as pronounced as in
earlier studies (Luppi et al, 2016). It has been shown that spe-
cific ETEC pathotypes are recurrent and herd-specific. Therefore,
reporting prevalence of pathotypes at farm level is of high clinical
relevance (Fairbrother et al,, 2005; Fairbrother et al., 2012; Luppi
etal, 2016). Nevertheless, most studies only report the percentage
of isolates recovered and not the proportion of clinical cases at farm
level (Kwon et al,, 2002; Osek, 1999; Vu-Khac et al.,, 2004; Zajacova
etal, 2012; Zajacova et al,, 2013).

However, taking into account serious changes in the preventive ap-
proach of PWD in the near future, with the limitation of preventive
use of antimicrobials (EU/2019/06, 2018), the general pressure
on reduction of antimicrobial use and the pending ban of ZnO use
in the European Union (EMA, 2017), knowledge of herd-specific
pathotypes will be increasingly important in order to assess other
preventive options such as an E. coli vaccination. Currently, a live,
non-pathogenic E. coli vaccine (Coliprotec® F4/F18; Elanco) is on
the market in Europe for preventive protection of post-weaned pig-
lets against both F4-ETEC and F18-ETEC (Nadeau et al,, 2017). In

order to successfully apply this alternative approach towards pre-
vention of PWD, knowledge on the presence of F4-ETEC or F18-
ETEC as the etiological agent of the PWD problems is prerequisite

for vaccine implementation.

Conclusions

This study confirms that ETEC is the main pathotype involved in
clinical cases of PWD in pig farms in Belgium and The Netherlands.
The main fimbrial pathotype is F4-ETEC, immediately followed by
F18-ETEC. This information is of practical relevance in relation to
prevention of PWD, especially in the current climate of antibiotic
reduction and the pending EU ban on the use of ZnO as a preven-
tive measure towards PWD. One of the promising future preventive
strategies is use of an E. coli vaccine, which is specifically focused
at prevention of F4-ETEC and F18-ETEC. Therefore, correct sam-
pling of diseased piglets, combined with a laboratory confirmation
of the etiological agent and its associated virulence factors are re-
quired to archieve a correct early diagnosis and understand which
herd-specific pathotypes are responsible at the onset of the PWD

outbreak.

Acknowledgments

The authors acknowledge the swine practitioners that contributed
to the sampling of piglets suffering from PWD in Belgium and The
Netherlands. The study was financed by Elanco.

References

1. BlancoM, Lazo L, Blanco JE, Dahbi G, Mora A, Lépez C, Gonzalez
EA, Blanco ]. (2006). Serotypes, virulence genes, and PFGE
patterns of enteropathogenic Escherichia coli isolated from
Cuban pigs with diarrhea. Int Microbiol. 1:53-60.

2. ChenX, Gao S, Jiao X, Xiu FL. (2004). Prevalence of serogroups
and virulence factors of E. coli strains isolated from pigs
with postweaning diarrhoea in eastern China. Vet Microbiol.
103:13-20.

3. European Medicinal Agency. (2017). Questions and answers
on veterinary medicinal products containing zinc oxide to be
administered orally to food producing species. Outcome of a
referral procedure under Article 35 of Directive 2001/82/EC
(EMEA/V/A/118). EMA/394961/2017.

4. EU/2019/6. (2018). Regulation (EU) 2019/6 of the European
Parliament and of the Council of 11 december 2018 on veteri-
nary medicinal products and repealing Directive 2001/82 /EC.
Official Journal of the European Union L 4/44.

Citation: F. Vangroenweghe, A. Luppi and O. Thas. (2020). Prevalence of Enterotoxigenic Escherichia Coli Pathotypes and Virotypes

Isolated from Piglets Suffering from Post-Weaning Diarrhea in Belgium and the Netherlands. Archives of Veterinary and Animal Sciences

2(2). DOI: 10.5281/zenodo.3812470



Archives of Veterinary and Animal Sciences

Page 7 of 8

10.

11.

12.

13.

Fairbrother JM, Nadeau E, Gyles CL. (2005). Escherichia coli
in postweaning diarrhea in pigs: an update on bacterial types,
pathogenesis, and prevention strategies. Anim Health Res Rev.
6:17-39.

Fairbrother JM, Gyles CL. (2012). Colibacillosis. In: Zimmer-
man JJ, Karriker LA, Ramirez A, Schwartz K], Stevenson GW,
editors. Disease of Swine. 10th ed. UK: Wiley-Blackwell, p.
723-747.

Fairbrother JM, Nadeau E, Bélanger L, Tremblay C-L, Tremblay
D, Brunelle M, Wolf R, Hellmann K, Hidalgo A. (2017). Immu-
nogenicity and protective efficacy of a single-dose live non-
pathogenic Escherichia coli oral vaccine against F4-positive
enterotoxigenic Escherichia coli challenge in pigs. Vaccine 35:
353-360.

Frydendahl K. (2002). Prevalence of serogroups and viru-
lence genes in E. coli associated with postweaning diarrhoea
and edema disease in pigs and a comparison of diagnostic ap-
proaches. Vet Microbiol. 85: 169-182.

Kwon D, Choi C, Jung T, Chung HK, Kim JP, Bae SS, Cho WS, Kim ],
Chae C. (2002). Genotypic prevalence of the fimbrial adhesins
(F4, F5, F6, F41 and F18) and toxins (LT, STa, STb and Stx2e) in
Escherichia coli isolated from postweaning pigs with diarrhea
or edema disease in Korea. Vet Rec. 150:35-37.

Luppi A, Bonilauri P, Dottori M, Gherpelli Y, Biasi G, Merialdi G,
Maioli G, Martelli P. (2013). Antimicrobial resistance of F4+ Es-
cherichia coli isolated from Swine in Italy. Transbound Emerg
Dis. 62: 67-71.

Luppi A, Gibellini M, Gin T, Vangroenweghe F, Vandenbroucke
V, Bauerfeind R, Bonilauri P, Labarque G, Hidalgo A. (2016).
Prevalence of virulence factors in enterotoxigenic Escherichia
coliisolated from pigs with post-weaning diarrhoea in Europe.
Porcine Health Manag. 2: 20-25.

Mullaney CD, Francis DH, Willgohs JA. (1991). Comparison of
seroagglutination, ELISA, and indirect fluorescent antibody
staining for the detection of K99, K88, and 987P pilus antigens
of Escherichia coli. ] Vet Diagn Invest. 3: 115-118.

Nadeau E, Fairbrother JM, Zentek ], Bélanger L, Tremblay D,
Tremblay C-L, Rohe I, Vahjen W, Brunelle M, Hellmann K, Cvejic
D, Brunner B, Schneider C, Bauer K, Wolf R, Hidalgo A. (2017).
Efficacy of a single oral dose of a live bivalent E. coli vaccine
against post-weaning diarrhea due to F4 and F18-positive en-
terotoxigenic E. coli. Vet. ]. 226:32-39.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nagy B, Casey TA, Moon HW. (1990). Phenotype and genotype
of Escherichia coli isolated from pigs with postweaning diar-
rhoea in Hungary. ] Clin Microbiol. 28:651-653.

Nagy B, Fekete PZ. (1999). Enterotoxigenic Escherichia coli
(ETEC) in farm animals. Vet Res. 30:259-284.

Noamani BN, Fairbrother JM, Gyles CL. (2003). Virulence genes
of 0149 enterotoxigenic Escherichia coli from outbreaks of
postweaning diarrhea in pigs. Vet Microbiol. 97:87-101.

Osek ], Gallien P, Truszczyiiski M, Protz D. (1999). The use of
polymerase chain reaction for determination of virulence fac-
tors of Escherichia coli strains isolated from pigs in Poland.
Comp Immunol Microbiol Infect Dis. 22:163-174.

Osek J. (1999). Prevalence of virulence factors of Escherichia
coli strains isolated from diarrheic and healthy piglets after
weaning. Vet Microbiol. 68:209-217.

Ravi M, Ngeleka M, Kim SH, Gyles C, Berthiaume F, Mourez M,
Middleton D, Simko E. (2007). Contribution of AIDA-I to the
pathogenicity of a porcine diarrheagenic Escherichia coli and
to intestinal colonization through biofilm formation in pigs.
Vet Microbiol. 120:308-319.

Smith MG, Jordan D, Chapman TA, Chin ]], Barton MD, Do TN,
Fahy VA, Fairbrother JM, Trott DJ. (2010). Antimicrobial re-
sistance and virulence gene profiles in multi-drug resistant
enterotoxigenic Escherichia coli isolated from pigs with post-
weaning diarrhoea. Vet Microbiol. 145:299-307.

USDA. (2002). Part II. Reference of Swine Health and Health
Management in the United States, 2000. USDA:APHIS:VS,
CEAH, National Animal Health Monitoring System, Fort Collins,
CO. vol. #N355.0202.

Vu-Khac H, Holoda E, Pilipcinec E, Blanco M, Blanco JE, Mora
A, Dahbi G, Lépez C, Gonzalez EA, Blanco J. (2006). Serotypes,
virulence genes, and PFGE profiles of Escherichia coli isolated
from pigs with postweaning diarrhea in Slovakia. BMC Vet Res.
2:10-14.

Vu-Khac H, Holoda E, Pilipcinec E. Distribution of virulence
genes in E. coli strains isolated from diarrhoeic piglets in
the Slovak Republic. ] Vet Med B Infect Dis Vet Public Health.
51:343-347.

Zajacova ZS, Faldyna M, Kulich P, Kummer V, Maskova ], Alexa
P. (2013). Experimental infection of gnotobiotic piglets with
Escherichia coli strains positive for EAST1 and AIDA. Vet Im-
munol Immunopathol. 152:176-182.

Citation: F. Vangroenweghe, A. Luppi and O. Thas. (2020). Prevalence of Enterotoxigenic Escherichia Coli Pathotypes and Virotypes

Isolated from Piglets Suffering from Post-Weaning Diarrhea in Belgium and the Netherlands. Archives of Veterinary and Animal Sciences
2(2).DOI: 10.5281/zenodo.3812470



Archives of Veterinary and Animal Sciences Page 8 of 8

25. Zajacova ZS, Konstantinova L, Alexa P. (2012). Detection of 26. Zhang W, Zhao M, Ruesch L, Omot A, Francis D. (2007). Preva-

virulence factors of Escherichia coli focused on prevalence of lence of virulence genes in Escherichia coli strains recently
EAST1 toxin in stool of diarrheic and non-diarrheic piglets and isolated from young pigs with diarrhea in the US. Vet Micro-
presence of adhesion involving virulence factors in astA posi- biol. 123:145-152.

tive strains. Vet Microbiol. 154:369-375.

Benefits of Publishing with EScientific Publishers:

< Swift Peer Review

« Freely accessible online immediately upon publication
< Global archiving of articles

% Authors Retain Copyrights

< Visibility through different online platforms

Submit your Paper at:

https://escientificpublishers.com/submission

®,
0

Citation: F. Vangroenweghe, A. Luppi and O. Thas. (2020). Prevalence of Enterotoxigenic Escherichia Coli Pathotypes and Virotypes
Isolated from Piglets Suffering from Post-Weaning Diarrhea in Belgium and the Netherlands. Archives of Veterinary and Animal Sciences
2(2). DOI: 10.5281/zenod0.3812470



