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Abstract

An association between postpartum intrauterine Escherichia coli and subsequent reproductive tract diseases such as purulent
vaginal discharge (PVD) and endometritis (ENDO) has been found inconsistently in previous research. This inconsistency may
be due to differences in the pathogenicity and presence of certain virulence factors in the various strains. The objective of this
study was to evaluate the association between the presence of intrauterine E. coli virulence factor (VF) genes after parturition and
subsequent reproductive tract diseases in postpartum dairy cows. Intrauterine swabs were collected from cows 4 (+ 3) DIM. The
swabs were plated to identify E. coli, Trueperella pyogenes, Fusobacterium necrophorum, and Prevotella melaninogenica. A subgroup
of the E. coli samples was submitted for colony hybridization for identification of 40 VF genes. Purulent vaginal discharge and ENDO
were diagnosed at 35 (x7) DIM using the Metricheck device (purulent discharge or worse) and the cytobrush technique adapted
for use in cattle (= 6% polymorphonuclear leukocytes), respectively. Cows diagnosed with PVD, ENDO, or both conditions were
classified as positive for reproductive tract disease. Logistic regression models were built using the reproductive tract disease
status as the outcome, and the bacteria and VF gene presence as the exposure. Of the 465 cows enrolled, 52% of the uterine samples
were positive for E. coli, 34% were positive for T pyogenes, 3% were positive for F necrophorum, and 1% were positive for P
melaninogenica. A total of 152 E. coli samples were examined for VF gene identification. Reproductive tract disease was diagnosed
in 237 cows (51%). The presence of intrauterine E. coli and T. pyogenes was associated with greater odds of reproductive tract
disease. Cows with E. coli positive for VF genes fepC, malX, hlyE, sit4, irp1, irp2, fyuA, or iss had greater odds of having subsequent
reproductive tract disease compared to cows without E. coli. These VF genes code for iron acquisition, the maltose and glucose PTS
system, hemolysin E toxin, and increased serum survival. Three of the siderophore genes (irp1, irp2, and fyuA) are part of the core
of a high-pathogenicity islands, previously described in extraintestinal pathogenic E. coli (EXPEC) The results of this study suggest
that certain VFs are likely to contribute to the pathogenicity of E. coli strains as they are associated with subsequent reproductive
tract disease.
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Escherichia coli, Trueperella pyogenes, Fusobacterium necrophorum,
and Prevotella melaninogenica are associated inconsistently with
endometrial inflammation and clinical disease [10-12]. Research
suggests that the association between the presence of different
bacteria and reproductive tract disease depends on the moment of
sampling, due to the dynamic nature of the infections [13,14,11].
Whereas the presence of intrauterine T. pyogenes during the first
month postpartum was associated with PVD and endometritis, the
association between E. coli during the first month postpartum and
these diseases is not as clear [13,14,11].

A variety of strains of E. coli with differing pathogenicity
have been found, possibly explaining the inconsistent association
between the intrauterine presence of this bacterium and the
subsequent development of reproductive tract disease [15,16].
Intrauterine E. coli has been characterized by the identification of
virulence factor (VF) genes [17,13,18]. Bicalho, et al. [13] found an
association between the presence of certain VF genes (fimH, cdt
and astA) and PVD. Dubuc et al. [9] showed however, that cows
without PVD can have endometritis, and vice versa, which could
bias the associations between risk factors and disease toward the
null hypothesis if a proportion of the cows classified as healthy also
have reproductive tract disease [19]. The objective of this study was
to evaluate the association between the presence of intrauterine
E. coli, and E. coli VF genes after parturition and subsequent
reproductive tract disease (PVD, ENDO, or both) in postpartum
dairy cows.

Materials and Methods

This study was originally designed to identify associations
between E. coli VF genes and postpartum metritis (PPM), as
reported by as reported elsewhere [18]. In this work, Holstein
dairy cows from 4 commercial farms located within 30 km of the
bovine ambulatory clinic of the Faculté de médecine vétérinaire,
Université de Montréal (Saint-Hyacinthe, QC, Canada) were enrolled
on a prospective cohort study from November 2011 to June 2012.
Farms were a convenient sample of freestall housed herds using
computerized health records, and enrolled in a biweekly herd
health veterinary program. During the study period, all cows that
did notyet show clinical signs of PPM were enrolled weekly (at4 + 3
DIM). The sample size was calculated for the original study [18], to
identify a 20% difference in PPM prevalence with 95% confidence
and 80% power [19]. Procedures were approved by the animal
care committee of the Université de Montréal [11-Rech-1605].
At enrolment, cows were sampled to identify uterine bacteria.
Briefly, cows were restrained and the perineum was cleaned and
disinfected with 70% ethyl alcohol solution (Isopropylic Alcohol
70% USP; Green Field Inc., Brampton, ON, Canada). A sterile
double-guarded uterine swab (Guarded culture swab; Jorvet Inc.,
Loveland, CO, US) was introduced in the cranial vagina then passed
through the cervix until the body of the uterus. The swab was then
exposed to the dorsal aspect of the uterine wall. The swab was
placed in an anaerobic transportation medium (BBL Port-A-Cult
Tubes; Becton, Dickinson and Company, Sparks, MD, US) and kept
at 4°C until submission to the veterinary diagnostic laboratory of
the Université de Montréal within 12 h of collection.

Escherichia coli, T pyogenes, E necrophorum, and P
melaninogenica were identified from the uterine swab in the
veterinary diagnostic laboratory of the Université de Montréal
(Saint-Hyacinthe, QC, Canada), as described by as reported
elsewhere [18]. Briefly, swabs were plated on blood agar and
MacConkey agar (Oxoid) at 37°C for isolation of E. coli. Five isolates
from each positive sample were submitted to indole spot, Simmons
citrate, and motility tests, for confirmation of E. coli. Escherichia coli
isolates were stored in tryptic soy broth containing 30% glycerol
at -80°C (Becton, Dickinson and Company) for further analysis.
Swabs were also plated on Colombia blood agar (Oxoid, Ottawa, ON,
Canada) at 35°C for 48 h for isolation of T. pyogenes using the PON-
BAC-019 procedure (beta-hemolytic, catalase-negative minuscule
colonies demonstrating gram-positive coryneform rods; [20]). A
subgroup of the E. coliisolates was examined by colony hybridization
using radioactively labeled (32P) DNA probes for identification of
VF genes at the World Organisation for Animal Health Reference
Laboratory for Escherichia coli (Faculté de médecine vétérinaire,
Université de Montréal; [21,22]. Briefly, the isolates were spotted
onto Luria-Bertani agar and incubated at 37°C overnight. Colonies
were then transferred to Whatman 541 filter paper (Whatman,
Piscataway, NJ, US). The filter papers were processed, hybridized,
and visualized by autoradiography. Probes were derived from E. coli
control strains by uniplex PCR, using the primers of the tested genes.
After amplification, PCR products were purified and concentrated,
using the QIAquick PCR Purification Kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions. After purification, probes
were marked with phosphate 32 using a specific kit (Amersham
Ready to go DNA Labeling Beads, GE Healthcare UK Limited, Little
Chalfont, UK), according to the manufacturer’s instructions. All
isolates (5 per sample) submitted for colony hybridization were
tested for 40 VF genes (complete list in Appendix A1).

Postpartum metritis was diagnosed and recorded between
calving and 21 DIM by one person per farm. The standardized
definition was reviewed with participating farmers before the
beginning and every 3 mo during the study: fetid watery red-brown
uterine discharge, associated with fever (rectal temperature >
39.5°C), and systemic signs of illness (dullness, reduced appetite,
and milk production) [11]. When PPM was diagnosed, cows were
treated with 5 d of ceftiofur IM SID (2.2 mg/kg; Zoetis Animal
Health, Kirkland, QC, Canada). Purulent vaginal discharge and
ENDO were diagnosed biweekly at 35 (+7) DIM. Firstly, the vaginal
discharge score was assessed using the Metricheck device (0
= no discharge, 1 = clear mucus, 2 = mucus with flecks of pus, 3
= mucopurulent discharge, 4 = purulent discharge or 5 = foul
smelling discharge) [5]. Then, an endometrial cytology sample
was taken using the cytobrush technique adapted for use in cattle
[23,9]. Immediately after collection, the cytobrush was rolled on
a microscope glass slide to obtain a smear. The microscope slides
were stained within 12 h of collection with a modified Wright-
Giemsa stain (Hema3; Biochemical Sciences, Swedesboro, NJ) and
glass coverslips were applied when dry as previously described
[9]. The cytology slides were used to determine the percentage of
polymorphonuclear leukocytes (PMNL) among two hundred cells
(PMNL and endometrial cells) by 2 observers. Slide readers were

Citation: José Denis-Robichaud, John Morris Fairbrother, Flavien Ndongo Kassé, Jocelyn Dubuc. Association between the Presence of
Intrauterine Escherichia Coli Virulence Genes and Subsequent Reproductive Tract Disease in Postpartum Dairy Cows. Con Dai & Vet Sci

2(3)-2019. CDVS. MS.ID.000140. DOI: 10.32474/CDVS.2019.02.000140.


http://dx.doi.org/10.32474/CDVS.2019.02.000140

Con Dai & Vet Sci

Volume 2 - Issue 3

Copyrights @ Jocelyn Dubuc, et al.

blinded to on-farm findings and treatment allocation. Purulent
vaginal discharge was defined as a vaginal discharge score of =
4, and ENDO was defined as percentage of PMNL = 6% [3]. Cows
diagnosed with PVD, ENDO, or both were classified as positive for
reproductive tract disease.

Statistical Analyses

All analyses were performed using SAS Studio 3.6 (SAS Institute
Inc., Cary, NC, US), the cow being the experimental unit. Parity
(1st, 2, 374 and greater) and season of calving (winter: November
to February, spring: March to June) were extracted from the
computerized record system (DSAHR Inc, Saint-Hyacinthe, QC,
Canada). Frequencies were calculated (PROC FREQ) for binary and
categorical variables. Based on the bacteriological culture results,
cows were categorized as (0) no bacteria, (1) presence of E. coli
combined with other bacteria (T pyogenes, FE necrophorum, or P
melaninogenica), (2) presence of a E. coli alone, or (3) presence of
other bacteria (T pyogenes, E necrophorum, or P. melaninogenica)
only. The same categories (0 to 3) were also created for T. pyogenes,
F necrophorum, and P. melaninogenica. Based on the bacteriological

culture and the colony hybridization results, cows were also
classified as (0) negative for E. coli, (1) positive for E. coli but
negative for the VF gene, or (2) positive for E. coli and for the VF
gene. Logistic regression models (PROC GLIMMIX) were built using
the reproductive tract disease status as the outcome to assess its
association with the presence of different intrauterine bacteria,
and with the presence of E. coli VF genes. Herd was included in all
models as a fixed effect for accounting for clustering, and parity
and season were included as confounders if their P-value was >
0.20 [24]. Models were presented if statistical significance (P <
0.05) or tendency to significance (0.05 < P < 0.10) was reached.
The difference between parameters of a categorical variable was
assessed using Tukey-Kramer adjustment for multiple comparisons
(P), using < 0.05 for statistical significance and 0.05 to 0.10 for
tendency to significance. The Hosmer and Lemeshow goodness-of-
fit test was used to assess the fit of the models. Outlier (Pearson
and deviance residuals), extreme (hat matrix), and influential
(DFBeta) covariate patterns were assessed, and models were tested
without extreme and influential values to ensure robustness of the
coefficients [19].
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Figure 1: Presence of 36 virulence factor genes in intrauterine Escherichia coli isolates from 152 Holstein dairy cows sampled
4+3 DIM. Cows’ profiles are sorted by reproductive tract disease status at 35+7 DIM (vaginal purulent discharge: PVD,

endometritis: ENDO).
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A total of 486 cows were enrolled in this study from 4 freestall
commercial farms (141, 177, 136, and 32 samples from farms 1, 2,
3, and 4, respectively). A total 465 cows remained for final analyses
as 21 (4%) were culled before the diagnosis of reproductive tract
diseases at 35 DIM. Thirty-four percent (n = 160), 32% (n = 148),
and 34% (n = 157) of the remaining cows were of 1st, 2nd, and 3rd
and greater parity, respectively. Forty-two percent (n = 194) of the
cows calved during spring, and 58% (n = 271) calved during winter.
Overall, 243 (52%) of the uterine samples were positive for E. coli,
156 (34%) were positive for T. pyogenes, 16 (3%) were positive for
E necrophorum, and 3 (1%) were positive for P. melaninogenica. A
total of 780 isolates from 152 of the samples positive for E. coli were
submitted for hybridization to identify VF genes. A visual summary
of the 36 VF genes found in the uterine E. coli of cows is presented
in Figure 1. A total of 133 different cow VF profiles were identified,
with 1 to 16 VF per profile. The most prevalent VF genes were hlyE
(n = 135; 89% cows harboring one or more positive isolates) and
fimH (n = 133; 88% cows harboring one or more positive isolates),
coding for hemolysin and adherence, respectively. Postpartum
metritis was diagnosed in 65 cows (14%), and reproductive tract
diseases were diagnosed in 237 cows (51%), of which 32 (7%) had
PVD, 136 (29%) had endometritis, and 69 (15%) had both PVD and
endometritis.

Table 1 presents the odds of reproductive tract diseases in cows
without intrauterine bacteria, and with different profiles of E. coli,
T pyogenes, E necrophorum, and P. melaninogenica. Virulence factor
genes fepC, malX, hlyE, and sitA were associated with a harmful
effect and VF gene cdtB with a protective effect for reproductive

tract disease (Figure 2). Cows harboring isolates positive for fepC
had 2.62 times the odds of having reproductive disease compared
to cows without E. coli (95% CI = 1.26-5.45; P = 0.01), and 2.09
times the odds of having reproductive disease compared to cows
with E. coli but without the fepC (95% CI = 0.95-4.62; P = 0.07).
Cows harboring isolates positive for malX had 2.99 times the odds
of having reproductive disease compared to cows without E. coli
(95% CI = 1.20-7.43; P = 0.02), and 2.25 times the odds of having
reproductive tract disease compared to cows with E. coli but
without the malX (95% CI = 0.87-5.80; P = 0.09). Cows harboring
isolates positive for hlyE and sitA had 1.72 (95% CI = 1.10-2.69;
P =0.04), and 2.13 (95% CI = 1.14-3.97; P = 0.02) times the odds
of having reproductive tract disease compared to cows without E.
coli, respectively. Cows with E. coli but without VF gene cdtB were
1.80 times more likely to have reproductive tract disease than cows
without E. coli (95% CI = 1.14-2.83; P = 0.01), and cows harboring E.
coli positive for cdtB had 0.41 times the odds of having reproductive
tract disease compared to cows with E. coli and without cdtB (95%
CI =0.16-1.05; P = 0.06). Logistic regression models for irp1, irp2,
fyuA, and iss had a tendency to be statistically significant, but
there was a significant difference in the odds of reproductive tract
disease between cows harboring E. coli positive for these VF genes
and cows without E. coli (P < 0.05). Cows harboring E. coli positive
forirpl,irp2, fyuA, and iss had 3.62 (95% CI =1.10-11.90; P = 0.03),
2.51 (95% CI = 1.01-6.24; P = 0.05), 2.69 (95% CI = 1.01-7.18; P =
0.05), and 1.69 (95% CI = 1.08-2.64; P = 0.02) times the odds of
having reproductive tract diseases compared to cows without E.
coli, respectively.

Table 1: Odds of reproductive tract disease at 35+7 DIM (purulent vaginal discharge, endometritis, or both) from logistic regression
models in 465 Holstein dairy cows with different profiles of uterine bacterial status at 4+3 DIM, adjusted for herd clustering.

Cows with
Uterine bacteria n reproductive 95% CI 0dds ratio 95% CI P-value
disease2 (%)
All tested bacterial species
None 163 42.5° 34.6-50.9 Referent
One or more 302 55.0° 48.5-61.3 1.65 1.12-2.43 0.01
Escherichia coli
None 163 42.7° 34.7-51.0 Referent
E. coli combined with other bacteria® 103 63.4° 52.7-73.0 2.33 1.38-3.93
E. coli only 140 50.4% 41.7-59.1 1.37 0.86-2.16
Other bacteria', without E. coli 59 51.9% 38.5-65.0 1.45 0.79-2.66 0.02
Trueperella pyogenes
None 163 42.77 34.7-51.1 Referent
T pyogenes combined with other bacteria® 104 64.0° 53.3-73.4 2.38 1.41-4.02
T pyogenes only 52 53.1 38.9-66.9 1.52 0.80-2.88
Other bacteria!, without T. pyogenes 146 49.52 41.0-58.1 1.32 0.84-2.07 0.01
Fusobacterium necrophorum
None 163 42.52 34.5-50.9 Referent
F. necrophorum com‘pined with other 14 63.2 34.7-84.7 233 0.70-7.72
bacteria’
F. necrophorum only 2 ND3 - - -
Other bacteria?, without F. necrophorum 286 55.0° 48.4-61.4 1.65 1.12-2.44 0.07
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None 163 42.5°

P melanmogemtc)a corr.lblmed with other 3 ND3
acteria

Other bacteria?, without P melaninogenica 299 54.9°

Prevotella melaninogenica

34.6-50.9 Referent

48.4-61.3 1.65 1.12-2.43 0.04

*®Means within a column within a model with different subscripts differ, assessed using Tukey-Kramer adjustment for multiple

comparisons (P, < 0.05).

!Other bacterial species were Escherichia coli, Trueperella pyogenes, Fusobacterium necrophorum, and Prevotella melaninogenica

Estimated population marginal proportion (LSM) of cows with reproductive diseases at 35+7 DIM (purulent vaginal discharge,

endometritis, or both)

’ND: not determined due to small n

100+

]

304 +——|
604 J‘t

40

20+

Proportion of cows with reproductive discases
(PVD, endometritis, or both; %)

no E. coli =
no E. coli

E. coli, with fepC =
coli, with malX

E. coli, without fepC
£

E. coli, without malX

no E. coli =
E. coli, without hlyE
E. coli, with hlyE =
no E. coli
E. coli, without sitA
E. coli, with sitA
no E. coli =
E. coli, without cdiB
E. coli, with cdtB =

Figure 2: Proportion of cows with reproductive tract disease (purulent vaginal discharge, endometritis, or both) at 35 + 7 DIM
stratified by uterine bacteriological status at 4+3 DIM in 374 Holstein dairy cows. The marginal means (+ SEM) were obtained
from logistic regression models (one per virulence factor gene), adjusted for herd clustering using a Tukey-Kramer adjustment
for multiple comparisons. The virulence factor genes fepC, malX, hlyE, and sitA were identified as harmful, and the virulence
factor gene cdtB was identified as protective for reproductive diseases. * P, < 0.05. 1 P, < 0.10.

Discussion

As the presence of postpartum intrauterine E. coli was
inconsistently associated with reproductive tract diseases in dairy
cows [13,14,11], the objective of the present study was to assess the
association of reproductive tract diseases such as PVD and ENDO
with the presence of intrauterine bacteria during the first week
postpartum of dairy cows, and more specifically the presence of
E. coli VF genes. When compared to cows without intrauterine E.
coli, cows with genes for iron acquisition (fepC, sit4, irp1, irp2, and
fyuA), for maltose and glucose PTS system (malX), for hemolysin
E toxin (hlyE), and for increased serum survival (iss) had greater
odds of presenting reproductive disease. As observed for urinary
infection, meningitis, and septicemia in humans, the E. coli involved
in reproductive tract disease require characteristics allowing them
to survive outside of the intestinal environment. Iron acquisition

factors are often associated with extraintestinal pathogenic E. coli
(ExPEC) as they contribute to the survival of the bacteria in an
environment where iron is not readily available [25]. Moreover,
it was suggested that siderophores also had a cytotoxic effect
on immune cells [26,27]. In the present study, five siderophore
genes were associated with increased odds of reproductive tract
diseases, of which three (irp1, irp2, and fyuA) are part of the
core of the high-pathogenicity islands (HPI). First described in
pathogenic Yersinia, HPI results from an accumulation of virulence
factors on the bacterial chromosome and have been identified in
pathogenic EXPEC, suggesting that they contribute to the survival
and pathogenicity of bacteria [27-29]. Septicemia and pelvic
inflammatory disease in cattle have been associated with E. coli
positive for the HPI and fyuA genes, respectively [16,28], but the
present study was the first to demonstrate an association between
reproductive tract disease and fyu4, irp1 and irp2 genes.
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In the present study, both malX and iss were also associated with
increased odds of reproductive tract disease. These two factors play
a role the survival of EXPEC outside of the intestinal environment.
malX is mainly considered as a marker for pathogenicity as its codes
for an enzyme system that does not contribute to the virulence of a
bacteria but has been associated with other virulence genes [30-32].
It was, however, found in persistent E. coli strains which suggested
that the malX gene may also have an additive or synergetic effect
with respect to pathogenicity islands [32]. Similarly, iss contributes
to the survival of the bacteria against host immunity affecting the
complement system [33] but was mainly associated with other
virulence factors [34,35]. Our finding of an association between
reproductive tract disease and pathogenicity markers such as malX
and iss suggests that the impact of intrauterine E. coli is influenced
by the VFs of the bacteria, possibly explaining the inconsistent
results previously found [10-12]. The eight factors associated with
reproductive tract diseases in the present study were different from
those found previously by Bicalho et al. [12]; fimH, cdt, and astA).
Whereas Bicalho et al. [13] examined the association between
the VFs and PVD, reproductive tract diseases in the present study
were defined as either PVD, ENDO, or both. In studies looking at
both PVD and ENDO, 10 to 26% of the cows were negative for PVD
and positive for ENDO [2,3], which could have contributed to the
different results between studies. It is not clear why, in the present
study, the presence of E. coli harboring the cdtB gene was associated
with lower odds of reproductive disease than the presence of E. coli
without this gene or the absence of E. coli. A possible explanation is
that the analyses did not account for a confounder when assessing
the association between the presence of a gene and reproductive
disease [19]. For example, if the presence of cdtB gene was
associated with an unmeasured variable that reduces the odds of
reproductive disease, the protective effect of this gene would be the
eventual consequence.

In the present study, bacterial culture was used to identify
four bacterial species (E. coli, T pyogenes, E necrophorum, and
P melaninogenica). The prevalence of cows with intrauterine
bacteria of these species was lower than in other studies looking
at the presence of intrauterine bacteria where more or different
bacterial species were identified [36,37]. Wagener et al. [11] found
a prevalence of intrauterine bacteria of 80% at 3 DIM, although
Streptococcus uberis, which we did not look for, was present alone
in 18% of the cows. In the present study, it is possible that the
association between the presence of intrauterine bacteria and
reproductive tract disease was biased toward the null hypothesis
due to the presence of other bacterial species in the cows we
classified as negative to intrauterine bacteria. For example, the
presence of S. uberis at 3 DIM was associated with greater odds
of PVD [11]. Similarly, metagenomic analysis has the potential
to identify uncultivable bacteria [38], which could give rise to
different findings with respect to the association between the
presence of intrauterine bacteria and reproductive tract diseases.
The prevalence of reproductive disease in the cows classified as
negative for intrauterine bacteria was greater than 40% in our
study, which could partly be explained by the limited number of
bacterial species that we looked for, as well as the point in time that

the uterine sample was taken. Recent studies showed the dynamic
nature of the intrauterine bacterial population [13,14,11], which
was not evaluated in the present study as only one sample was
taken shortly after calving. Finally, the prevalence of reproductive
tract disease in cows without intrauterine bacteria was 42.5%,
which supports the idea that even though bacteria and their VFs
are playing a role in the development of the disease, other factors
are likely involved [8,39].

Conclusion

This study showed that the presence of intrauterine E. coli with
genes for siderophores or HPI during the first week postpartum
in dairy cows was associated with greater odds of reproductive
tract disease. Some of these genes have previously been shown
to co-exist in EXPEC and possibly contribute to the survival of E.
coli in the reproductive tract. These findings support the idea that
peripartum bacterial contamination has an impact on subsequent
health of the reproductive tract, and that it is possible to identify
more accurately the bacteria involved using VFs.
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