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Abstract
Background: Microbial colonisation of piglets’ intestines starts at birth, espe-
cially from contact with sow’s faeces. Piglet microbiota could therefore be
influenced by the sow’s diet. The objective of this study was to evaluate
whether the microbiological flora of liquid feed for sows can be associated
with the development of neonatal diarrhoea.
Methods: This study was carried out on 10 case farms with neonatal diarrhoea
and 10 control farms without neonatal diarrhoea. On each farm, a microbio-
logical analysis of gestating and lactating liquid feed was performed. A gener-
alised linear model was used to study the impact of the liquid feed microbio-
logical counts and pH on the probability of neonatal diarrhoea developing.
Results: For thermotolerant coliforms, sulphite-reducing bacteria, het-
erotrophic bacteria and lactic-acid bacteria counts, there was no signifi-
cant difference between case and control farms. The higher the count of
total coliforms, enterococci and yeasts in sow non-fermented liquid feed,
the greater the probability of observing neonatal diarrhoea. Moreover, taking
into account total coliforms and yeasts counts together is highly predictive of
neonatal diarrhoea risk.
Conclusion: This study offers new perspectives of investigation and under-
standing of neonatal diarrhoea in breeding farms feeding sows with a non-
fermented liquid feed.

BACKGROUND

Microbiota play a significant role in host health and
metabolism and the swine digestive tract provides
the appropriate habitat for a huge number of micro-
bial species. The newborn piglet gut rapidly acquires
its microflora by contact with its dam and surround-
ing environment but a transfer might also occur dur-
ing gestation.1 Sow’s gastrointestinal tract health can
be affected by nutritional regimes,2,3 particularly the
microbiological criteria of liquid feed distributed to
sows can affect it.4 The most significant factor influ-
encing the microflora of the farrowing room environ-
ment is the sow in the absence of bedding materi-
als. Therefore, if the microflora introduced by the sow
into the environment via faeces can be modified by
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the microbiological quality of non-fermented liquid
feed, this can have an effect on the colonisation of the
piglet’s gut, and on the emergence of neonatal diar-
rhoea. Neonatal diarrhoea can be described as fae-
ces with an excess of water in relation to the faecal
dry matter content.5 It affects piglets in the first week
of life and significantly increases pre-weaning mortal-
ity or growth retardation. The most common causes
of this enteric disorder are infections by one or more
pathogens or changes in the gut microbiota.5 Neonatal
diarrhoea is associated with common pathogens such
as enterotoxigenic Escherichia coli (ETEC), Clostrid-
ium perfringens type C and type A, Clostridium
difficile, rotavirus and coronavirus. In the last 10
years, Enterococcus hirae has also been suspected of
being responsible for neonatal diarrhoea.6–8 Reports
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on the impact of non-fermented liquid feed micro-
bial aspects on pig health are scarce, most studies
described the benefit of fermented compared to non-
fermented liquid feed.9–11 So, practical recommenda-
tions for non-fermented liquid feed management are
needed. The aim of this study was to describe some
microbiological parameters in non-fermented liquid
feed given to sows on ten farms affected with neonatal
diarrhoea and on ten control farms and to determine if
the microbiological quality of liquid feed can have an
impact on the emergence of neonatal diarrhoea.

MATERIALS AND METHODS

Farm selection

Twenty conventional herds were enrolled in this study,
located in Brittany (France), within 2-h drive of the
diagnostic laboratory Labofarm (Finalab, Loudéac,
France). Among these 20 herds, 10 exhibited neonatal
diarrhoea in more than 20% of litters within a batch
for at least two consecutive batches. These herds were
defined as ‘case’ farms. The other 10 herds did not
have neonatal diarrhoea and were defined as ‘control’
farms.

The herds employed various production systems
and varied in size from 250 to 1000 sows. Gestating
and lactating sows were fed with non-fermented liq-
uid feed, defined as a mixture of feed and water made
immediately before feeding. Batchwise farrowing with
an all-in/all-out system and cleaning and disinfection
of the farrowing rooms between batches was prac-
tised in all herds. Neither sows nor piglets received
any medication before or during the study. The antibi-
otic treatment, in particular, was prohibited. For each
farm, breed, status regarding porcine reproductive and
respiratory disease virus12 and vaccinations against
neonatal diarrhoea for both herds are presented in
Table 1. One herd was vaccinated only against ETEC,
16 herds were vaccinated against ETEC and C. perfrin-
gens type C simultaneously, one herd was vaccinated
against E. coli, C. perfringens type A and C. perfringens
type C and two herds were not vaccinated at all against
neonatal diarrhoea.

Liquid feed sampling and analyses

At each farm, two samples of non-fermented liquid
feed were collected: one approximately 2 weeks prior
to farrowing and one in the week after parturition.
Both were collected at the end of the liquid feed system
line at a feeder level. Each sample of about 200 ml was
immediately stored at 4◦C and transported to Labo-
farm within 2 h. The feed samples were cultured within
4 h of collection.

Liquid feed pH, bacteriology and mycology

For each sample, the pH of the liquid feed was mea-
sured using an electronic pH meter (Hanna Instru-

ments HI-98128). Next, liquid feed samples were
serially diluted 10-fold in buffered sodium chloride
peptone solution (pH 7). Relevant dilutions were
plated onto selective media and plates were incu-
bated at the recommended temperature and condi-
tions. All selective media used were obtained from
Thermo Fisher Scientific Inc. (Oxoid Microbiology
Products). Total coliforms (TColi) and thermotoler-
ant coliforms (ThColi) were cultured aerobically on
violet red bile lactose agar plates at 37 and 44◦C,
respectively. Sulphite-reducing bacteria (SRB, includ-
ing clostridia) were cultured anaerobically on tryp-
tose sulphite cycloserine agar plates at 37◦C. Ente-
rococci (ETC) were cultured aerobically on Slanetz
Bartley agar plates at 37◦C. Bacterial growths were
counted after 12–24 h incubation. Heterotrophic bac-
teria (HET) were aerobically cultured at 30◦C and
counted using plate count agar medium and counted
after 48 h incubation. Lactic acid bacteria (LAB) were
cultured anaerobically on De Man, Rogosa and Sharpe
agar plates at 37◦C and counted after 72 h incubation.
Yeasts (YEA) were cultured aerobically on Sabouraud
dextrose agar plates at 37◦C and counted after 48 h
incubation.

Diarrhoeic piglet in case herds: selection,
necropsy and sampling

In order to clarify the apparent cause of neonatal diar-
rhoea on the case farms, two diarrhoeic piglets from
each case herd under 1 week of age were selected from
two different litters. They had shown watery to creamy
diarrhoea starting in the previous 24 h, but no other
clinical signs (e.g. weight loss, arthritis or omphalitis).
No piglets within the litters were treated with antibi-
otics at selection time.

The piglets were transported alive to the pathol-
ogy unit of Labofarm for euthanasia and post-mortem
examination. The piglets were first sedated with an
intramuscular injection of tiletamine and zolazepam,
6 mg/kg (Zoletil 50; Virbac Animal Health, ) and
euthanised with an intracardiac injection of tetracaïne
1.3 mg/kg, embutramide 60 mg/kg and mebezonium
8.1 mg/kg (T61; MSD Animal Health). Bacteriological
and virological samples were collected by swabs from
the intestinal mucosa of the proximal duodenum, the
distal jejunum and the distal ileum for E. coli, C. per-
fringens, C. difficile and enterococci and of the proxi-
mal colon for rotavirus. Two swabs per intestinal sec-
tion were collected (eight swabs per piglet): one for
bacteriological cultures and one for genomic and fur-
ther analyses if required.

Bacteriological and virological
investigation

Swabs were cultured within 30 min of sampling. For
E. coli, swabs were cultured aerobically on 5% sheep
blood agar plates and Drigalski lactose agar plates at
37◦C. The plates were examined for bacterial growth
after 24 h incubation. For C. perfringens, swabs were
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cultured anaerobically on 5% sheep blood agar plates
and nalidixic acid agar plates at 37◦C and incu-
bated for 48 h. In this study, since no toxigenic typ-
ing was performed, C. perfringens serotype was not
determined. Enterococci were also cultured aerobi-
cally at 37◦C on nalidixic acid agar plates. All bacte-
rial species were identified using matrix assisted laser
desorption ionization - time of flight (MALDI-TOF)
mass spectrometry (Brucker Daltronics), the identifi-
cation of E. hirae was confirmed specifically using this
method. For all piglets, the presence of rotavirus in
faeces was tested using a rapid enzyme immunoassay
(DipFit Rotavirus Porcin; Bio-X Diagnostics, Finalab)
according to the manufacturer’s instructions.

Histopathological examinations

Tissue samples were collected from the proximal duo-
denum, proximal jejunum, distal jejunum, ileum and
colon. Specimens were flushed and then fixed with
10% neutral-buffered formalin and transported to the
Orbio diagnostic laboratory (Finalab) for microscopic
examination.

Decision process to determine the aetiology
of neonatal diarrhoea in case farms

The aetiology of neonatal diarrhoea in case farms
was determined when one or both sampled piglets
displayed bacterial growth or positive rotavirus ELISA
and simultaneous histological lesions consistent
with.

Statistical analyses

Only the aetiology of neonatal diarrhoea in case farms
were described in this study. The bacterial counts per
mL of liquid feed were log-transformed and tabulated.
The LAB:TColi ratio was calculated to describe the bal-
ance between these two bacterial populations. The
relationships between each microbiological param-
eter (TColi, ThColi, SRB, ETC, HET, LAB and YEA)
and pH were described using a principal component
analysis (PCA). The significance of the relationship
between the two parameters was tested using regres-
sion analysis. The impact of farm status regarding
neonatal diarrhoea and the source of liquid feed (ges-
tating or farrowing room) on microbiological counts
per mL in sow liquid feed were compared by an analy-
sis of variance (ANOVA). Statistical analyses were per-
formed in R Studio version 4.0.2 (R Core Team, 2020).
Finally, a generalised linear model (GLM) was adjusted
to test if the bacteriological and mycological counts in
liquid feed distributed to sows were predictive of the
occurrence of neonatal diarrhoea, taking into account
the source of the liquid feed. The final model was
selected using the R stepwise function. Statistical sig-
nificance was set at p < 0.05.

RESULTS

Detection of neonatal enteropathogens in
case herds

Characteristics of case herds and piglets are presented
in Table 1. Enterococcus hirae, C. perfringens and
rotavirus were identified as enteropathogens involved
in clinical neonatal diarrhoea in 7, 4 and 3 herds
respectively, sometimes in coinfection. Clostridium
perfringens evocative lesions included superficial
villus tip necrosis and the accumulation of fibrin.
Jejunal and ileal lesions may be heavily colonised with
large, rectangular Gram-positive bacilli with rounded
or truncated ends, although it was common to find
masses of organisms in the lumen. Capillaries were
dilated, but there was no haemorrhage. Lesions com-
patible with E. hirae were small intestinal colonisation
by entero-adherent Gram-positive cocci accompanied
by villous atrophy and mild epithelial lesions, includ-
ing increased apoptosis of enterocytes. Finally, typical
rotavirus lesions were observed in the small intestine
with massive destruction of the villi and subsequent
adaptive and regenerative responses. The tips of
atrophic villi were eroded or were covered by swollen
or attenuated, nearly squamous epithelial cells.

Microbiological quality and pH of sow
liquid feed in case and control herds

The PCA (Figure 1) was useful to represent all correla-
tions between the microbiological criteria. For exam-
ple, it revealed a negative correlation between pH
and lactic acid bacterial count (R² = 0.44, p < 0.05),
between pH and the LAB:TColi ratio (R² = 0.27,
p < 0.05) and between pH and heterotrophic bacteria
counts (R² = 0.28, p < 0.05). Other correlations were
not statistically significant, particularly there was no
relationship between yeast, enterococci and total col-
iforms counts.

Average results for each criterion (log CFU/ml) are
presented in Table 2. All dispersions of analysed data
for each microbiological criterion and pH are repre-
sented in Figure 2. In our study, there was no statisti-
cally significant difference between affected and unaf-
fected farms for lactic acid bacteria counts. However,
we observed a higher dispersion of LAB counts for the
case farms. It was the only criterion where the source
of liquid feed had an impact on counts (p < 0.05;
Figure 3). There were more lactic acid bacteria in
sow liquid feed sampled in farrowing than in gestat-
ing facilities. The heterotrophic bacteria counts were
also closed in both groups, and no statistically signifi-
cant difference between the two groups was observed.
Total coliforms counts were significantly higher on
case farms (p < 0.05). However, this difference was
not observed for thermotolerant coliforms, although
the dispersion of thermotolerant coliform counts is
higher in case farms. For sulphite-reducing bacte-
ria, the difference between the two groups was not
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T A B L E 2 Comparison of the results of microbiological counts (in log CFU/ml), LAB:TColi ratio and pH of liquid feed in case and control
farms

Microbiological criteria

pH LAB HET TColi ThColi SRB ETC YEA LAB :TColi

Control herds

Mean 5.08 8.18 8.38 5.32 2.57 2.83 4.99 3.99 2.85

Median 4.96 7.86 9.11 4.71 1.48 1.74 2.81 3.70 3.15

SD 0.75 8.45 8.57 5.61 3.04 3.11 5.62 4.08 2.83

Case herds

Mean 5.18 7.98 8.28 5.46 4.11 3.54 4.30 4.89 2.52

Median 5.02 7.60 8.15 5.11 1.70 2.34 3.74 4.26 2.49

SD 0.68 8.18 8.28 5.62 4.73 4.00 4.52 5.20 2.55

Abbreviations: ETC, enterococci; HET, heterotrophic bacteria; LAB, lactic acid bacteria; LAB:Tcoli, lactic acid bacteria:total coliforms ratio
SD, standard deviation; SRB, sulphite-reducing bacteria; TColi, total coliforms; ThColi, thermotolerant coliforms; YEA, yeasts.

F I G U R E 1 Loading plots of the principal component analysis
(PCA) reported the results of the elaborations carried out with
datasets. In the axis title of each component, the explained variance
is reported. LAB: lactic acid bacteria; HET: heterotrophic bacteria;
YEA: yeast; ThColi: thermotolerant coliforms; ETC: Enterococci;
SRB: sulphite-reducing bacteria; TColi: total coliforms; LAB:Tcoli:
lactic acid bacteria: total coliforms ratio

significant. However, more than half of the sow liq-
uid feeds collected from case farms had a count above
2 log CFU/ml, whereas more than half of the liquid
feeds collected from control farms had a count below
2 log CFU/ml. Enterococci counts were significantly
higher on case farms (p < 0.05). Yeast counts were sig-
nificantly higher on case farms (p < 0.05). Finally, no
statistical difference was noticed between both groups
in the pH of liquid feed distributed to sows (Figure 3).

Risk criteria for neonatal diarrhoea
occurrence

The GLM emphasised three criteria for the bacteri-
ological and mycological analysis of liquid feed dis-

tributed to sows that are predictive of the occurrence
of neonatal diarrhoea: total coliforms, enterococci and
yeast counts. It appears that the higher their counts
were, the higher the risk of neonatal diarrhoea emer-
gence. In the GLM, the source of liquid feed had no
impact on the counts of total coliforms (p = 0.68),
enterococci (p = 0.8) and yeasts (p = 0.78), which con-
firmed the results of ANOVA. Moreover, their counts in
liquid feed were independent of each other as previ-
ously described using the PCA. When all criteria were
considered, the stepwise model selection gave a final
model including the total coliforms and yeast counts,
both simultaneously significant (p < 0.05), mean-
ing that in this study these both criteria, taken into
account together, are the most predictive of neona-
tal diarrhoea emergence. When the enterococci counts
were added to this model, all three criteria appeared
to have a slight effect simultaneously (p < 0.15). In our
study, for results above 5 log CFU/ml of total coliforms
(Figure 4a), 4 log CFU/ml of enterococci (Figure 4b)
and 4 log CFU/ml of yeasts (Figure 4c), the probability
of neonatal diarrhoea occurring is greater than 50%.

DISCUSSION

Neonatal porcine diarrhoea is a common problem in
commercial swine herds and is of significant impor-
tance for the pig industry worldwide because it causes
major economic losses due to increased morbidity
and mortality, decreased weight gain and the need for
medications.13 Over the last 10 years, increasing atten-
tion has been focused on neonatal diarrhoea in piglets
in which routine diagnostic protocols fail to isolate
known enteric pathogens such as haemolytic E. coli, C.
difficile, C. perfringens type A or type C or parasites.13

In our study, ETEC were not involved in neonatal diar-
rhoea in the case farm, suggesting the effectiveness of
marketed vaccines. We identified C. perfringens as the
pathogen involved in two case farms despite vaccina-
tion against C. perfringens type C. We can hypothesise
a failure in vaccination but maybe the most credible
hypothesis is the implication of C. perfringens type A,
as suggested by slight microscopic lesions observed
during our study. Indeed, C. perfringens type A was



6 of 10 Veterinary Record

F I G U R E 2 Dispersion of analysed criteria in sow non-fermented liquid feed between case and control farms (* = significant level of a
mixed regression model, p-value < 0.05). ETC: Enterococci; HET: heterotrophic bacteria; LAB: Lactic acid bacteria; SRB: sulphite-reducing
bacteria; TColi: total coliforms; ThColi: thermotolerant coliforms; YEA: yeast; LAB/Tcoli: lactic acid bacteria:total coliforms ratio

F I G U R E 3 Dispersion of lactic acid bacteria (LAB) depending
on the source of sow liquid feed (gestating or farrowing facilities)
(log CFU/ml)

reported to be frequently detected in a survey on the
aetiology of recurrent neonatal diarrhoea in Spain.14

Unfortunately we did not perform toxigenic typing
for this study. Enterococcus hirae is part of the nor-
mal intestinal flora of pigs but Swedish and Danish
publications suggested a possible pathogenic role in
neonatal diarrhoea.6,8 It has been reported that the
genus Enterococcus was 24 times more abundant in
diarrhoeic piglets compared to healthy piglets.13 In
our study, E. hirae was suspected to be the pathogen
involved in neonatal diarrhoea in seven out of 10 case
farms. This is consistent with our previous experi-
ence. Using the same decisional process that the one
described in this study to determine the aetiology of
neonatal diarrhoea, we observed during our routine

diagnosis a high detection of E. hirae in diarrhoeic
neonatal piglets, in 72 out of 165 piglets submitted
alive to laboratories for neonatal diarrhoea diagnosis
between 2017 and 2019. Finally, rotavirus diarrhoea
was evidenced in three cases, alone or in association
with other pathogens. This was in accordance with a
recent report on the aetiology of recurrent neonatal
diarrhoea in Spain.14

During recurrent neonatal diarrhoea cases inves-
tigation, all risk factors must be reviewed (includ-
ing vaccination,15 maternal immunity transfer, sow
parity,16 disease status of the farm, washing and dis-
infection protocols of the farrowing unit between
batch15 and environmental conditions). Among these
critical points, the microbiological quality of liquid
feed for sows is investigated in this study.

Gut colonization has a major impact on host health
and disease. The microbiota helps in the maturation
of the gastrointestinal immune system and protects
against pathogen colonisation through competitive
exclusion.17 The development of many diseases can
be triggered by the microbiota composition. The bac-
terial colonisation of the piglet intestine is believed to
begin immediately after birth and is mainly influenced
by their mothers as previously reported.18 The sow’s
faeces, skin and the surrounding environment contain
a large number of bacteria, which are likely to be the
source of the intestinal microbiota of piglets.19 Indeed,
it has been shown that piglets ingest large quantities of
the sow’s faeces.20

The sow’s gastrointestinal tract health may be
affected by nutrition and feeding.21 It can therefore
be assumed that the bacteriological and mycological
quality of liquid feed distributed to sows may affect the
gut composition of the dam and its offspring. A previ-
ous report demonstrated that nutritional regimes that
influence the microbiology of the sow’s faeces are also
likely to influence that of neonates.4 Remarkable alter-
ations in faecal microbiota were reported in neonatal
piglets with diarrhoea of unknown aetiology.6,13 We,
therefore, hypothesised that the quality of liquid feed
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F I G U R E 4 Probability of observing neonatal diarrhoea depending on total coliforms (a), enterococci (b) and yeasts (c) count in liquid
feed distributed to sows (log CFU/ml)

distributed to sows can affect the gut health of piglets
by causing dysbiosis with the overgrowth of one or
more pathogenic bacteria or viruses.

In this study, samples were collected at the end of
liquid feed system lines at the feeder level, which is
the segment of the liquid feed distribution system with
the highest level of microbiological flora.22 Some pre-
viously published studies characterised the microbio-
logical flora of liquid feed distributed to growing pigs
in the feeder,23–26 but to our knowledge, there are few
studies on the microbiological quality of liquid feed
distributed to sows.

In a field, the liquid feed could be contaminated
in four ways that must be considered when practices
are explored: contamination because of a bad water
microbial quality, a bad dry feed microbial quality,
inappropriate fermentations during the feed process
and improper hygiene of the feeding system. Analy-
sis of water quality used to prepare the liquid feed
is sometimes challenging in commercial farms. An
attentive examination of each stage of water supply,
from the water source to the end of the water line at the
mixing tank level is recommended. A dry feed could

also be a source of microbial contamination and must
be tested. During our study, these two components of
liquid feed were not investigated. Improper fermen-
tation could happen on farms depending on the resi-
dence time of the liquid feed in feeding pipelines or the
presence of a rest tank for example. We did not record
residence time during our trial. Finally, the hygiene
of the liquid feeding system is an important consid-
eration. Two microbiological criteria have been pre-
viously described to evaluate global pathogen micro-
biological contamination: the bacterial load of total
coliforms (also described as Enterobacteriaceae) and
heterotrophic microorganisms.27 The pathogenic role
of total coliforms contamination in growing pigs liq-
uid feed has been previously reported as increasing
the risk of haemorrhagic bowel syndrome.25 One ref-
erence value for total coliforms has been proposed for
animals liquid feed, the total coliform load should be
below 4 log CFU/ml.28 In our study, the total coliform
load was around 4 log CFU/ml. This is in accordance
with previous studies which measured total coliform
load between 2 log and 5 log CFU/ml22 and around
4 log CFU/ml in liquid feed distributed to fattening
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pigs.24 In our study, the total coliform load in sow
liquid feed was significantly higher in affected farms.
This result confirmed the importance of feeding sys-
tem hygiene on sow farms. Furthermore, the mean
heterotrophic microorganism load was 8 log CFU/ml,
this is in accordance with a previous study.22 For this
count, we observed no statistical difference between
farms whatever their status regarding neonatal diar-
rhoea.

Enterococcus hirae was frequently involved in
neonatal diarrhoea cases in our practice, so, in this
study, we decided to count enterococci in liquid feed
distributed to sows. The amount of genus Entero-
coccus was on average 4 log CFU/ml in this study
and we observed a statistically significant difference
between affected and non-affected farms. This find-
ing is of interest but needs more investigations to be
confirmed.

Publications about the role of yeasts in porcine
diets are scarce, and most focus on fattening pigs and
sometimes with conflicting conclusions. Some studies
described yeast overgrowth as an important risk factor
for pig intestinal health,25,29 especially if the amount
of yeast is over 6 log UFC/g.30 One reference value for
yeast has been proposed; in liquid feed, the amount of
yeast should be below 5 log CFU/ml.28 Another study
did not reveal any difference between pig farms clas-
sified at risk or not for intestinal diseases.23 In our
study, 4 log CFU/ml of yeast were counted on aver-
age in sow liquid feed. This result is close to the mean
described in a previous study,31 but lower than the
mean observed in France in liquid feed distributed
to growing pigs which was around 6 log CFU/ml.24

However, in our case study, a statistically signifi-
cant difference was found in the amount of yeast in
sow liquid feed between farms affected or not with
neonatal diarrhoea. This study supports the patho-
logical role of the overgrowth of yeast in sow liquid
feed.

Other bacteriological criteria were evaluated in this
study, but we could not demonstrate any signifi-
cant difference between affected and unaffected farms
regarding these criteria. Lactic acid bacteria were the
dominant flora in liquid feed samples analysed in this
study. Enabling conditions for the implantation and
development of lactic acid bacteria in liquid feed sys-
tem lines are recommended.22 Indeed, these bacte-
ria produce lactic and acetic acids, which have an
inhibitory effect on pathogenic flora. The effect of lac-
tic acid bacteria to limit the growth of various Gram-
negative bacteria, especially pathogenic E. coli4 and
Salmonella typhimurium11 is well documented. It has
been demonstrated that the sow is a source of piglets
lactic acid flora.4 In this study, the average lactic acid
bacteria count in sow liquid feed was higher in con-
trol farms, however, this difference was not signifi-
cant. Moreover, LAB counts were significantly higher
in lactating than in the gestating liquid feed. The
reason for this observation is unknown but we can
hypothesise that Lactobacilli might be added as pro-

biotics in lactating feeds for example. This data was
not recorded during our study. The LAB:TColi ratio is
proposed to characterise the balance between these
two populations in liquid feed,24 and to describe if
this balance is favourable or not in gut microbiota.4 A
higher LAB:TColi ratio in faeces is usually associated
with a bacterial flora that contributes to improved ani-
mal performance. In our study, we observed no sta-
tistical difference between case and control farms in
LAB:TColi ratio in the liquid feed.

Finally, regarding sulphite-reducing bacteria, bac-
terial loads were around 4 log CFU/ml in our study.
These bacterial populations were detected in all liq-
uid feed samples. But the bacterial load was below 1
log CFU/ml in six unaffected farms and two affected
farms. However, a previous study described the detec-
tion of these bacterial populations in only 8% of sam-
ples (results based on 120 liquid feed samples).22

No statistical difference was observed in this study
between affected and unaffected farms. The pres-
ence of sulphates in feed can promote the prolifera-
tion of certain bacteria, especially E. coli, so SRB can
be a risk factor for gastrointestinal disturbances in
pigs.

CONCLUSION

This case–control study highlighted three criteria – two
bacteriological criteria and one mycological criterion
– worthy of consideration in farms feeding sows with
a liquid feed system for the prevention or manage-
ment of neonatal diarrhoea: the level of contamination
of the liquid feed by total coliforms, enterococci and
yeasts. This study was carried out on a relatively small
number of farms and these results should be consol-
idated by further results over time. For the moment,
we could suppose that sow non-fermented liquid feed
with total coliforms counts higher than 5 log CFU/ml
and/or enterococci counts higher than 4 log CFU/ml
and/or yeasts count higher than 4 log CFU/ml is at risk
for neonatal diarrhoea. Contamination by both total
coliforms and yeasts together is highly predictive of
neonatal diarrhoea occurrence. On farms feeding sows
with non-fermented liquid feed, an analysis of a sam-
ple is recommended, whatever the stage of the repro-
ductive cycle (gestating or lactating feed), and if the
advisor identifies abnormalities, the source of contam-
ination (dry feeds, water, fermentation and hygiene)
must be investigated. Finally, the role of E. hirae in
neonatal diarrhoea and the link between the presence
of genus Enterococcus in liquid feed and the occur-
rence of neonatal enterococcal diarrhoea should be
further investigated.
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