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Introduction 

Clostridia species play a major role in the intestines of neonatal pigs and are an important part of the 

anaerobic microbiota during the first days of life (Kubasova et al., 2017; Swords et al., 1993).  The 

most common Clostridium species found in piglets are Clostridium perfringens and Clostridium 

difficile (Songer et al., 2005). These bacteria are both known for their ability to cause neonatal 

diarrhea, but can also be present without clinical signs. C. perfringens is a common agent of enteric 

infections in animals (Popoff et al., 2013). Type A and C of C. perfringens may cause enteritis in young 

piglets (Songer et al., 2005). C. difficile is known as a cause of neonatal enterocolitis in piglets (Songer 

et al., 2005). In recent years, several authors have described outbreaks of C. difficile associated 

diarrhea in piglets (Kim et al., 2015; Mcelroy et al., 2016). C. difficile may be one the most important 

uncontrolled causes of neonatal diarrhea in piglets which is difficult to manage (Songer et al., 2006). 

One virulent strain of C. difficile, named ribotype (RT) 078, is found in various animal species and is 

also known as cause of enterocolitis in humans (Moono et al., 2016). 

 

Pathogenesis of C. difficile 

C. difficile is a Gram positive, anaerobic bacterium able to form highly resistant spores. These spores 

are resistant to heat and many chemical disinfectants. The spores can also pass the stomach, but 

they are not able to produce toxins. These spores have to germinate before they can grow.  The 

induction of germination of spores in the intestines is caused by a combination of several factors, 

such as bile salts and L-glycine. These factors start a cascade to hydrolyse the cortex of the spore  

resulting in development of the spore to a vegetative cell (Awad et al., 2015; Daniel Paredes-Sabja et 

al., 2014). After colonization in the intestinal tract of a piglet, C. difficile is able to produce toxins that 

cause damage to the epithelial cells. Two toxins are involved in the pathogenesis of C. difficile, toxin 

A (TcdA) and toxin B (TcdB) (Songer et al., 2005). Some strains of C. difficile also produce the so-called 

binary toxin. The exact role of this toxin remains unclear (Awad et al., 2015; Paredes-Sabja et al., 

2014). TcdA and TcdB both cause damage to the cytoskeleton of the epithelial cells in the intestines. 

During this process TcdA attaches itself to the apical side of the cell and TcdB to the basolateral side 

of the cells. Both toxins cause damage to the actin filaments in the cell. Following this damage, the 

tight junctions between the epithelial cells are disrupted. The absorptive function of the gut 

decreases which results in diarrhea. In addition to their effect on the cell skeleton, TcdA and TcdB 

also activate inflammation pathways by triggering the production of inflammation factors (Awad et 

al., 2015; Rupnik et al., 2009). 

 

Clinical signs of C. difficile infection 

The clinical manifestation of an infection with C. difficile varies (Songer et al., 2006; Steele et al., 

2010). Experiments with gnotobiotic piglets showed  that  infection can lead to systemic disease and 

sudden death.  In these cases also respiratory distress was seen (Steele et al., 2010). In neonatal 

piglets, housed under conventional circumstances, the characteristic clinical signs are mild to severe 

diarrhea. After necropsy mesocolonic edema is found and content of the colon is yellowish and 



pasty. Histologically typical volcano lesions, with exudation of neutrophils and fibrin into the lumen, 

are seen in the colonic wall (Songer et al., 2006).  

 

In the Netherlands C. difficile, ribotype 078, was determined in piglets suffering from diarrhea 

(Debast et al., 2009). Another study found a positive correlation between the presence of C. difficile 

in young piglets and clinical signs of diarrhea (Keessen et al., 2010). Moreover, C. difficile can be 

found in fecal samples of piglets within one hour after birth and all piglets in this study (n=71) were 

positive on C. difficile within 32-48 hours after birth (Hopman et al., 2011). The aim of this study is to 

investigate presence of C. difficile on successive moments in the early life of piglets on Dutch farms 

and the relationship between clinical signs and the presence of C. difficile and between clinical signs 

and the presence toxins of C. difficile in the feces of piglets. 

 

  



Materials and methods 

Farms 

This experiment was an observational cohort study, a group of animals was followed during a longer 

period and retrospectively animals were appointed to a group with exposed and non-exposed 

animals to either C. difficile or toxins of C. difficile (Petrie et al., 2006). The study was conducted in 

November 2015 on three Dutch pig breeding farms. Two of the three farms (farm 1 and 2) had a 

history with clinical C. difficile problems. Farm 3 was a farm with a higher health status and did not 

have known problems with C. difficile. At farm 1 there was a clinical manifestation of neonatal 

diarrhea. These occurred especially during the first few days of life and in litters of first parity sows, 

but in some cases the clinical signs occurred after a week. Farm 2 was also a farm with diarrhea in 

neonatal piglets. However, at this farm there was no clear linkage with the parity of the sow.  Farm 3 

served as a control farm to make it possible to relate the results of farm 1 and 2 to the findings on a 

farm with a higher health status. On this farm no problems with neonatal diarrhea were reported 

before the start of the study.  

 

Animals 

For the study, litters on farm 1 were selected from first and second parity sows because of the 

history with neonatal diarrhea in piglets from first parity sows. On farm 2 and 3 litters were selected 

random because on farm 2 clinical problems were not related to the parity of the sows and on farm 3 

no problems with neonatal diarrhea were reported. On each farm 10 male piglets from 5 different 

litters were selected to participate in the study. 

 

Sampling 

The feces of the neonatal piglets (n=30) and their dams (n=15) was collected by taking samples. Fecal 

samples of the piglets  were taken by manual stimulation of the piglets’ abdomen. The sows were 

sampled rectally with a glove. The feces was collected in 10 ml sterile test tubes and immediately 

stored in a coolbox. On farm 1 and 2 samples were taken by the researchers. Because of the high 

health status on farm 3, the employees of this farm took the samples. On each farm, 10 piglets were 

sampled at 1, 4, 7 and 11 days of age. The sows were also sampled; on farm 1 and 2 on the same 

moments as the piglets and on farm 3 only at day 1 because the employees on this farm did not 

sample the sows each day. After the samples were taken, they were transported to the laboratory 

and stored in a freezer.  

 

Clinical scoring/ examination 

Each sample moment a diarrhea score was performed on individual basis using a scale from 1 to 3: 

(1) no diarrhea, normal feces; (2) slight diarrhea, with a pasty consistence of feces; (3) watery 

diarrhea. Score 3 was considered as clinical diarrhea. Diarrhea score was performed by researchers 

on farm 1 and 2. On farm 3 scores were performed by employees of the farm.  

 

DNA isolation 

After taking the feces samples from the freezer, the samples were thawed and DNA was isolated by 

the method as described by Crielaard et al., 2011. With sterile loops some feces from each test tube 

was brought into wells and mixed with lysis buffer, zirconium beads and phenol (Crielaard et al., 

2011). Because of the high levels of impurities in the feces, phenol extraction was carried out twice 

(Ladirat et al., 2014).  



qPCR 

After isolation of the DNA, a quantitative PCR (qPCR) was used to measure the total amount of C. 

difficile and C. perfringens respectively. The qPCR was carried out by TNO (Zeist, Netherlands), using 

their own primers for C. difficile and C. perfringens. The qPCR was performed on the Applied 

Biosystems 7500 Fast Real-Time PCR System. The specific genes detected by using by this primers 

were not provided by this laboratory and also no information about detection level, specificity and 

sensitivity of the test was provided due to confidential company information.  

 

Toxin ELISA 

All fecal samples were tested with an ELISA kit for presence of toxins of C. difficile. Because of the 

limited availability of ELISA kits, one half of all samples that were taken was tested in a kit for Toxin A 

that only turned positive when Toxin A was present in the sample. The other half of all samples was 

tested in a combi-kit with toxin A and B that demonstrates the presence of toxin A, toxin B or a 

combination of these toxins. These tests only provide qualitative information in giving a positive or 

negative result. This analysis was also carried out by TNO (Zeist, Netherlands). 

 

Data analysis and statistics 

Crosstabs of the data were analyzed by Fisher’s exact test because of the low numbers of tested 

samples. Results were considered significant only when P <0,05. Statistical analyses were carried out 

with the statistical analysis program SPSS v.25 (SPSS Inc.). 

 

 

 

 

 

 

 

 

 

 

 

  



Results 

Clinical scores 

The results of clinical scores of the diarrhea of 

the piglets are shown in table 1. Score 3 was 

considered as clinical diarrhea. On farm 3 no 

clinical score was performed for one piglet on 

day 7 and 11. 

 

qPCR 

All fecal samples were examined on the 

presence of genetic material of C. difficile. 

Figure 1 shows the development of the amount 

bacterial DNA which was found in the samples 

in which the PCR test turned out positive. There 

is a huge variation in the amount of bacterial 

DNA found in the feces of piglets. 

 

The numbers of samples in which C. difficile was 

found during the first days of life of the piglets 

are displayed in table 2. Even on farm 3, the 

reference farm, the feces samples from both 

piglets and sows tested positive on C. difficile. 

On day 1, 63% of the piglets in the study tested 

positive on C. difficile. On day 4 most piglets 

were positive (29/30). On day 11 only half of 

the piglets tested positive on C. difficile. All 

samples of piglets were positive at all moments 

for C. perfringens. Only three samples of sows 

from farm 2 tested negative for C. perfringens. 

All these sows tested negative only once; one 

sow (fifth parity) on day 1 and the other two on 

day 11 (second and fifth parity). 

 

 

 

 

 

 

 

 

 

 

 

 

Farm  Day 

1 4 7 11 

Farm 1 Piglets 1/10  0/10 2/10 3/10 

      

Farm 2 Piglets 6/10 0/10 0/10 0/10 

      

Farm 3 Piglets 5/10 5/10 0/9 0/9 

Table 1 Number of piglets with a diarrhea score of 3.  

Farm  Day 

1 4 7 11 

Farm 1 Piglets 4/10  9/10 7/10 2/10 

 Sows 2/5 0/5 0/5 1/5 

Farm 2 Piglets 6/10 10/10 10/10 5/10 

 Sows 2/5 1/5 1/5 0/5 

Farm 3 Piglets 9/10 10/10 10/10 8/10 

 sows 3/5 - - - 

Table 2 Number of animals positive for C. difficile tested 
by PCR 

Figure 1 Development of amount of DNA of C. 

difficile in positive fecal samples of piglets on 

Farm 1 (A), Farm 2 (B) and Farm 3 (C) expressed 

in femtogram (fg) DNA per sample. 

 



Toxin ELISA  

On day 1 only 1/15 samples of piglets tested positive on toxin A and 2/15 on the toxin A and B ELISA. 

From the sows 2/8 tested positive in the toxin A and B ELISA and 0/7 in the toxin A ELISA. On day 4 

the number of positive piglets was highest. After day 4 the presence of toxins decreases with the 

increase of age of the piglets. On day 11 only 3/16 and 0/14 tested positive in the toxin A and the 

toxin A/B ELISA respectively (table 3 and 4). 
 

 

Farm 

ToxA 

 Day 

1 4 7 11 

Farm 1 Piglets 0/3 2/4 0/4 0/7 

 Sows 0/3 0/2 0/2 0/3 

Farm 2 Piglets 1/7 6/7 1/7 2/4 

 Sows 0/2 0/3 0/3 0/3 

Farm 3 Piglets 0/5 6/7 3/6 1/5 

 sows 0/2 - - - 

Table 3 Number of samples positive on toxin ELISA toxin A.  

 

Farm 

ToxA/B 

 Day 

1 4 7 11 

Farm 1 Piglets 1/7 2/6 0/6 0/3 

 Sows 1/2  3/3 2/3 2/2 

Farm 2 Piglets 0/3 0/3 0/3 0/6 

 Sows 1/3 1/2  2/2 2/2 

Farm 3 Piglets 1/5 3/3 3/4  0/5 

 sows 1/3  - - 

Table 4 Number of samples positive on toxin ELISA toxin A and B 

 

 

There was no relationship between the clinical score of the 

piglets and the presence of C. difficile (Table 5) and 

between the clinical scores and the presence of toxins of C. 

difficile (Table 6). Only 1 sample tested positive on toxins 

of C. difficile and negative in the qPCR at the same moment 

(Table 7). In this crosstab P<0.05 which means that when C. 

difficile is not detected by the qPCR, it is less likely that 

toxins of C. difficile are present in the sample.  

 

              

 

 

 

 

 

 

 

Clinical 
score 

 qPCR C. difficile  

 Positive  Negative  

1  49  14  

2  25  8  

3  15  7  

Table 5 Clinical score and the presence of 
C. difficile demonstrated by qPCR in fecal 
samples of piglets (n=118) Clinical score 3 
was considered to be clinical diarrhea. 
(P>0.05) 

Clinical 
score 

 Toxin ELISA 

 Positive  Negative 

1  18  45 

2  8  25 

3  5  17 

Table 6 Clinical score and the presence 
of toxins of C. difficile in fecal samples 
of piglets (n=118) Clinical score 3 was 
considered to be clinical diarrhea 
(P>0.05) 

qPCR C. 
difficile 

 Toxin ELISA 

 Positive  Negative 

Positive  31  59 

Negative  1  29 

Table 7 Presence of C. difficile 
demonstrated by qPCR and the 
presence of toxins of C. difficile in fecal 
samples of piglets (n=120) (P<0.001) 



Discussion 

In this study the presence of C. difficile is evaluated in the first days of life of piglets. On day 1 after 

birth C. difficile was present in 63% of the piglets which increased till 97% on day 4. On day 11 only 

50% of the piglets tested positive. The presence of toxins of C. difficile showed the same pattern as 

the presence of C. difficile. Only 12/30 piglets developed diarrhea during the first day. There was no 

link between presence of C. difficile and clinical diarrhea and neither between the presence of toxins 

of C. difficile and clinical diarrhea. Besides C. difficile also the presence of C. perfringens was 

evaluated which was present in all piglets on all sample moments.  

 

Several studies showed that Clostridia spp. are the most common bacteria during the first days of life 

of piglets (Bian et al., 2016; Everaert et al., 2017; Kubasova et al., 2017). The main bacterium that is 

mentioned in this context is C. perfringens which amount decreases rapidly during the  first days of 

life of piglets (Kubasova et al., 2017; Swords et al., 1993). C. perfringens is known for the ability to 

cause (enteric) disease in many species (Diab, 2016; Theoret et al., 2016; Uzal, 2016). Non virulent 

strains of C. perfringens play also a role in the gut microbiome in mammals (Sawires et al., 2006). In 

the current study the pathogenicity of C. perfringens is not reviewed, so it is difficult to relate C. 

perfringens to the clinical scores of the piglets. 

 

The bacterium C. difficile is frequently found in pigs in many countries (Janezic et al., 2014). 

According to Hopman et al., fecal samples of piglets can test positive in C. difficile culture within 1 

hour after birth (Hopman et al., 2011). In the current study a remarkable part of the piglets tested 

positive on day 1, but this increased to all piglets testing positive on day 4. After that, the prevalence 

of C. difficile decreased. This finding is in agreement with the findings of Weese et al., 2010 who did a 

longitudinal study on C. difficile and found the highest prevalence on day 2 (74%). The next sample 

moment in the study of Weese et al., 2010 was day 7 on which the prevalence was lower than on day 

2 (Weese et al., 2010). Grzeskowiak et al., 2016  did a quantitative examination on C. difficile in feces 

of piglets in Poland. The highest concentration of C. difficile was found on day 6 after birth and 

decreased after that. C. difficile was undetectable on 21 days of age (Grzeskowiak et al., 2016).  

In the current study 7/15 sows tested positive on C. difficile on day 1 after parturition. This result is in 

agreement with other studies who examined feces samples of sows around farrowing (Grzeskowiak 

et al., 2016; Weese et al., 2010).  

 

Although detection of toxins is considered to be the standard to diagnose C. difficile infection in pigs 

(Songer et al., 2005), in the current study there was no statistical prove that the presence of toxins 

was related to the observed clinical signs. Besides that, even the presence of C. difficile, tested by 

qPCR, was not correlated with clinical diarrhea. This finding disagrees with findings of other studies 

who found a relationship between presence of C. difficile and clinical signs of diarrhea (Keessen et al., 

2010; Kim et al., 2018). However, another study also has not found a clear relationship between 

clinical diarrhea and presence of C. difficile (Alvarez-Perez et al., 2009). Yaeger et al., 2007 have even 

found that piglets which tested positive on C. difficile toxins could have normal feces and no 

histopathological signs of typical C. difficile infection as mesocolonic edema (Yaeger et al., 2007). 

Therefore, diagnosing C. difficile infection is not only testing toxins of C. difficile as stated by Songer 

et al., 2005. According to the latest diagnostic guideline of the European Society of Clinical 

Microbiology and Infectious Diseases, it is difficult to diagnose C. difficile infection in humans. 

Because of that, it is advised to use a two-step algorithm to diagnose infection with C. difficile, first 



with a high sensitive test followed by a more specific test in case of a positive result from the first 

test (Crobach et al., 2016). The current study used tests that targeted two different characteristics of 

C. difficile as the qPCR demonstrates the presence of genetic material of the bacterium and the ELISA 

the presence of toxins produced by C. difficile. The qPCR test can be considered as the high sensitive 

test because it detects genetic material of C. difficile and the ELISA test as a more specific test as this  

test only detects toxins which could potentially cause damage to the epithelial cells in the gut (Awad 

et al., 2015; Crobach et al., 2016). In the current study there was a significant difference in the result 

of the ELISA test between the group that tested positive using the qPCR and the group that had a 

negative result in the qPCR. Samples that tested negative in the qPCR, had a significant lower chance 

to test positive in the ELISA test for toxins which means that the ELISA tests were more specific as 

they only give an indication of the presence of toxins of C. difficile which could possibly cause 

damage to the gut cells. However, this study did not show a relation between the presence of toxins 

of C. difficile and clinical signs of diarrhea, the most obvious clinical sign of C. difficile infection 

(Songer et al., 2000). So it is not clear if C. difficile caused the clinical signs or if there were other 

causes of diarrhea that were not studied. Other diagnostic methods as necropsy with histological 

evaluation of the colon could give more information about the cause of the clinical signs as C. difficile 

gives typical lesions in the colonic wall (Songer et al., 2006) and histopathological evaluation of 

tissues makes it possible to link tissue damage to the presence of one or more pathogens as some 

pathogens could be present without causing clinical signs (Cooper, 2000).  

 

There were few limitations in the practical execution of the current study that eventually could 

influence the results and therefore should be discussed. Because of the high health status of farm 3 

in this study was it not possible for the researchers to visit this farm to collect samples and perform 

the clinical scores of the animals. Especially in case of the clinical scores there may be an observer 

bias in the results of the current study which influences the results that relates to the clinical signs. 

However, there were no relevant differences in the results between the farms and separate analysis 

of the results per farm did not reveal other outcomes.  

 

Another influencing factor could be the low number of animals per farm in this study which made it 

difficult to perform statistical analysis of the results in order to find correlations between the 

presence of C. difficile and clinical signs and between the presence of toxins of C. difficile and clinical 

signs. To improve the power of a following study regarding C. difficile, more animals need to be used.  

 

In the current study a quantitative PCR test was used, because of the used method for DNA isolation 

in the laboratory no exact amount of sample was used for this test. This made it impossible to 

analyze these results as the amount of bacterial DNA was expressed as femtogram DNA per sample 

without correction for the amount of analyzed feces. Therefore the test results were only considered 

to be positive or negative when DNA of C. difficile was present or when no DNA of C. difficile was 

demonstrated by the PCR. To quantify the amount of C. difficile in the feces it is necessary to use a 

standardized amount of research material and a test that expresses the amount of bacterial content 

in the sample. Nevertheless, although the test gave no reliable quantitative information about C. 

difficile it did provide qualitative information about the presence of C. difficile which made possible 

to analyze the link between the presence of C. difficile and clinical signs of diarrhea. 

With respect to the toxin detection, two different ELISA test kits were used due to limited availability 

of kits at the laboratory. The first test only showed the presence of TcdA and the other test showed 



the presence of TcdA and/or TcdB. Some strains of C. difficile only produce TcdB (Songer et al., 2005). 

Toxins of these strains would not be found with the first test used in this study as that test only 

demonstrates the presence of TcdA. This could give an underestimation of the number of toxin-

positive samples compared to the group which were tested with the second test. However, most 

studies done to C. difficile in pigs which looked for toxins only found strains that could produce both 

TcdA and TcdB (Avbersek et al., 2009; Janezic et al., 2014; Kim et al., 2018; Weese et al., 2010). 

Therefore it is less likely that the use of a test that only demonstrates TcdA gives an underestimation 

of the toxin-positive samples.  

 

The farms that were involved in this study are representative for the pig industry in the Netherlands. 

Two farms were conventional pig-breeding farms and the third farm was a farm with a high health 

status with extensive hygienic procedures to prevent introduction of pathogens on this farm. In this 

study no obvious differences were observed between these farms. The findings of this study in 

combination with other Dutch studies make it plausible that C. difficile is widespread in the Dutch pig 

industry (Debast et al., 2009; Hopman et al., 2011; Keessen et al., 2010). However, the clinical 

relevance of C. difficile  in this study remains unclear as there was no obvious relation between the 

presence of C. difficile and clinical signs. Therefore, further study of C. difficile in pigs is necessary to 

clarify the role of this bacterium which is possibly zoonotic (Debast et al., 2009; Keessen et al., 2013).  

 

Conclusion 

C. difficile is still a pathogen that is present on Dutch pig farms, with the highest prevalence in 4-day 

old piglets. There is no clear relation between clinical signs and the presence of C. difficile or between 

clinical signs and the presence of toxins of C. difficile in this study which makes it plausible that C. 

difficile does not always cause disease. The mechanism what makes C. difficile a disease-causing 

pathogen in piglets need further study to clarify the role of this bacterium in the Dutch pig industry. 
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