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ABSTRACT
Salmonella prevalence was studied in a longitudinal survey on 27 Belgian farrow-to-finish herds. Herd data were
collected using a questionnaire. Blood samples were taken every four months and serologically analysed. The
bacteriological herd status was determined every two months. Sanitary risk factors significantly related to
Salmonella prevalence were analysed. A higher pH of drinking water was associated with a higher average S/Pvalue, a higher percentage positive animals and more chance of a positive Salmonella culture. The study showed
a relatively good correlation between bacteriological positive culture and mean S/P value (R=0.29 P=0.0008)
and percentage positive animals (R=0.31 P=0.0002) in the same weight category.
The association was also significant for sample intervals of 3, 6, 9 and 12 weeks between bacteriology and
serology, with the highest S/P value and the highest within-herd seroprevalence on a 9 week interval..
The predictability between different sampling times was low, roughly 10 % for both bacteriology and serology.
SAMENVATTING
In een longitudinale studie van gesloten varkensbedrijven werd onderzoek verricht naar Salmonella prevalentie.
Bedrijfsgegevens werden verzameld door middel van een vragenlijst. Bloedmonsters werden om de vier
maanden genomen en serologisch onderzocht. De bacteriologische bedrijfsstatus werd elke twee maanden
bepaald. Sanitaire risico-factoren significant gerelateerd aan Salmonella prevalentie werden geanalyseerd. Een
hogere drinkwater pH was geassocieerd met een hogere gemiddelde S/P-waarde, een hoger percentage positieve
dieren en meer kans op een Salmonella positieve cultuur. De studie toont een relatief goede correlatie aan tussen
een bacteriologisch positieve cultuur en gemiddelde S/P waarde (R=0.29 P=0.0008) en percentage positieve
dieren (R=0.31 P=0.0002) binnen dezelfde gewichtscategorie.
De associatie was eveneens significant voor staalname-intervallen van 3, 6, 9 en 12 weken tussen bacteriologie
en serologie, met de hoogste S/P waarde en de hoogste binnen-bedrijfsprevalentie bij een 9 weken interval.
De voorspelbaarheid tussen verschillende staalnames was laag, gemiddeld 10 % voor zowel bacteriologie als
serologie.
1. INTRODUCTION
Salmonella is considered as one of the most important food borne pathogens that has potential implications for
human health. Poultry and swine are the main sources of infection. European legislation (regulation 2160/2003)
is becoming more and more focused on prevention of zoonotic diseases. In Belgian legislation (KB 22 May
2005) Salmonella is mentioned in list 1, which means that measurements for surveillance have to be
implemented. The paper presents risk factors for Salmonella seroprevalence en bacteriological status in pig
herds, the correlation between seroprevalence and bacteriological isolation and the evolution over time of
Salmonella prevalence.
2. MATERIAL AND METHODS
A total of 27 Belgian farrow-to-finish pig herds were included in the study that ran from March 2005 until April
2006. Selection of the herds was based upon a previous serological Salmonella antibody screening. Ten low
antibody titer and thirteen high antibody titer herds were selected. Herd data were collected using a questionnaire
in order to identify potential risk factors. Following topics were included: herd size, housing system, feed and
water, all-in all-out management, cleaning and disinfection and rotation management for the sows. The
serological herd status was determined by blood sampling of 12 fattening pigs every 4 months. A LPS ELISA

(IDEXX® HerdChek) was used for the detection of Salmonella antibodies. Results are presented as S/P ratios
(Sample to Positive control). The bacteriological herd status was determined every 2 months using swabs made
by overshoes. Different weight categories were sampled. Bacteriological analysis for Salmonella was performed
by means of a standard enrichment method ISO 6579-Annex-D.All positive cultures were serotyped. Drinking
water quality was controlled both chemical and bacteriological at the start of the study.
For the determination of risk factors for Salmonella seroprevalence and bacteriological herd status, general
mixed models are used (SAS®) with the average S/P-ratio on pig level, percentage positive animals (cut-off
OD40% equals S/P 1) and the bacteriological status on herd level as dependent variable and with herd as random
effect. A backwards elimination of variables was performed to analyse explanatory variables simultaneously.
The relation between seroprevalence and bacteriological isolation was analysed by means of a general linear
mixed procedure. The evolution over time of Salmonella prevalence was calculated using the intraclass
correlation coefficient, which is determined by the covariance parameter estimates of the fitted general mixed
model with random intercept.
3. RESULTS
96% of the herds were serological positive when using OD40%. The average within-herd seroprevalence was
30% (range: 0-85%). The average S/P-value was 0.83 with a standard deviation of 0.50. The average chance of
having culture positive swabs for Salmonella was 32% (+/- 24%), 31% (+/- 25%) and 37 (+/- 26%) in
respectively the farrowing house, the nursery-grower unit and the fattening unit.
A Pearson correlation coefficient of 0.96 (P<0.0001) was found between the average S/P-value of a herd and the
within-herd seroprevalence (i.e. percentage positive animals) of a herd.
Throughout the four successive serological screening periods, the mean S/P-ratio of the herds, previously
selected as low antibody titer herds, were consistent significantly lower than the mean S/P-ratio of the herds
selected as high antibody titer herds: 0.42 versus 1.10 on average over the four periods. The bacteriological
results were more inconsistent than the serological data. No clear distinction between herds selected as high and
low antibody titer herds was observed. Salmonella typhimurium was the predominant cultured serotype.
Categorical and continuous variables were studied by univariate and multiple analysis for the determination of
risk factors for Salmonella seroprevalence and bacteriological herd status. The most important variables were
selected based on the P-value, the estimate and the biological sense. Particularly, a higher pH of drinking water
was related with higher average S/P-values, a higher within-herd seroprevalence, more chance of bacteriological
positive swabs in the nursery-grower unit as in the fattening unit. No risk factors were significantly associated
with the bacteriological status of the farrowing unit.
Pearson correlation coefficients of 0.29 (P=0.0008) and 0.31 (P=0.0002) were found between respectively the
average S/P-value of a herd and the within-herd seroprevalence and the chance of being bacteriological positive,
in the same weight category. To explore the relation between seroprevalence and bacteriological isolation more
in detail, four biological meaningful time intervals between bacteriological and serological sampling were
determined (3, 6, 9 and 12 weeks). In this study, the relation between seroprevalence and bacteriological
isolation could be demonstrated by means of a highly significant linear regression. Analyses showed that the
time intervals did not have a significant impact on the relation between bacteriology and serology. Despite this,
there was evidence for higher S/P-values and a higher within herd seroprevalence 9 weeks after bacteriological
sampling. This could be a result of the natural infection process of Salmonella.
The intraclass correlation coefficient was used to calculated the Salmonella prevalence variability. The intraclass
correlation coefficient produces a measure of the consistency or agreement of the repeated values within cases.
The remainder is attributable to intraclass variability or error. In this study the intraclass correlation coefficient
ranged from 8 to 12%. So roughly 10% of the total variance could be explained by cluster membership.
4. DISCUSSION
Risk factor studies are required to have a scientific basis to initiate a control programme for Salmonella in pig
herds. Since serology and bacteriology are the most common diagnostic tools, it’s interesting to investigate the
discrepancy between these two methods.
The high Pearson correlation coefficient showed that the average S/P-value is a good predictor for the withinherd seroprevalence. The pH in the stomach of the pig can be lowered by organic acids. This provides a hostile
microbiological ecosystem for Salmonella. This has been confirmed in our study and also by previous research
(4). In contrast with most of the literature the correlation between bacteriology and serology in our study was
significant. Further study is needed to confirm this correlation. Because of the low intraclass correlation a
surveillance programme should be based an average S/P values over longer periods. This will be the case in the
Belgian surveillance programme.
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ABSTRACT
Equine sarcoids, common skin tumours in horses, are induced by the bovine papillomavirus (BPV). Their
clinical appearance varies from small patches to aggressively growing masses. Differences in BPV mRNA
expression, Ki67 and p53 immunostaining between 4 clinical types were evaluated. Expression of BPV E2, E5,
E6 and E7 genes was analysed with quantitative real-time RT-PCR. The proliferative fraction (PF) was
determined by Ki67 immunostaining. Expression of p53 was analysed by immunohistochemistry. Data were
evaluated using a linear mixed effect model or logistic regression. A significant overall difference between the 4
types was observed for E2, E5, E6 and E7 expression and for the superficial PF. Nodular sarcoids showed the
highest expression level for each examined BPV gene, followed by verrucous, fibroblastic and occult tumours.
The superficial PF was higher in verrucous and fibroblastic sarcoids compared to occult and nodular types. No
significant difference was observed for deep PF and p53 expression.
SAMENVATTING
Equine sarcoïden, de meest voorkomende huidtumoren bij paarden, worden veroorzaakt door het boviene
papillomavirus (BPV). Hun klinisch uitzicht varieert van kleine vlekjes tot agressief groeiende gezwellen.
Verschillen in mRNA expressie, Ki67 en p53 kleuring tussen 4 verschillende types werden onderzocht.
Expressie van BPV E2, E5, E6 en E7 genen werd geanalyseerd met kwantitatieve real-time RT-PCR. De
proliferatieve fractie (PF) werd gemeten door middel van Ki67 kleuring. Expressie van p53 werd onderzocht via
immunohistochemie. Data werden geanalyseerd met behulp van een lineair gemengd effect model of met
logistische regressie. Een significant verschil tussen de 4 types werd waargenomen voor E2, E5, E6 en E7
expressie en voor de oppervlakkige PF. Nodulaire sarcoïden vertoonden de hoogste expressie voor elk
onderzocht BPV gen, gevolgd door verruceuze, fibroblastische en occulte tumoren. De oppervlakkige PF was
hoger bij verruceuze en fibroblastische sarcoïden vergeleken met occulte en nodulaire types. Er kon geen
significant verschil worden aangetoond voor de diepe PF en voor p53 expressie.
1. INTRODUCTION
Equine sarcoids are the most common skin tumours in horses. Sarcoids can appear as a single tumour, but horses
often show multiple lesions. Although equine sarcoids are benign tumours that will not metastasise, they
frequently recur if not treated properly. Different clinical types have been described [4]. The fibroblastic type,
with a typically ulcerated epidermis, often shows an aggressive character. Nodular sarcoids are round masses
with an intact epithelium. Verrucous sarcoids have a typically warty appearance and occult types consist of flat,
alopecic patches, sometimes accompanied by hyperkeratosis or small nodules on the surface. Sarcoids can
remain stable for many years and then suddenly, without a clear reason, change dramatically into a rapidly
growing tumour that can be difficult to treat.
The most important aetiological factor in the development of equine sarcoids is the bovine papillomavirus (BPV)
type 1 and 2. The most extensively studied BPV gene is E5, which plays a prominent role in cell transformation.
The function of the other BPV genes is less well studied, but it has been established that E2 regulates
transcription, E6 is another transforming protein and E7 is a regulator of the BPV copy number [3].
The objective of the present study was to investigate differences in BPV mRNA expression of 4 important BPV
genes (E2, E5, E6 and E7) in the different clinical types of equine sarcoids. Furthermore, variations in cell

proliferation (using Ki67 staining, a proliferation marker) and p53 immunostaining (tumour suppressor protein)
were analysed.
2. MATERIALS AND METHODS
2.1. Sample collection
Equine sarcoids included in this study were obtained from patients referred to our clinic for surgical treatment
between February 2004 and November 2005. Tumours were identified and classified based on their gross
morphology according to Pascoe and Knottenbelt [4]. From each tumour, 3 representative samples were
obtained. The first sample was stored at -18°C for BPV DNA analysis. Another sample was stored in RNAlater®
(Ambion) for RNA analysis. A third part of the tumour was snap frozen in liquid nitrogen after embedding in
CryoBlock (Klinipath) and stored at -80°C for immunohistochemical staining. For each tumour the following
parameters were recorded: localisation, size and time of onset of the sarcoid and breed and sex of the horse. It
was also noted whether the tumour was a recurrence after surgery or not.
2.2. Bovine papillomavirus detection
DNA extraction and PCR analysis for BPV DNA detection, was performed as described by Bogaert et al. [1].
When a specific fluorescent band at 244 bp was visible, the sample was considered positive for BPV DNA. To
determine the BPV type, a restriction fragment length polymorphism assay was applied.
2.3. Quantitative mRNA analysis and normalisation
Total RNA isolation and subsequent first strand cDNA synthesis was performed as described earlier [2]. Primers
were designed for E2, E5, E6 and E7 of both BPV1 and BPV2. Quantitative real time RT-PCR reactions were
performed on the iCycler iQ Real-Time PCR Detection System (Bio-Rad) using SYBR® Green (Invitrogen).
Each reaction was run in duplicate, with two no-template controls included per run. Additionally, two normal
skin samples from sarcoid-free horses and two samples of exuberant granulation tissue were included as
controls. PCR efficiencies were calculated using a relative standard curve (ten-fold dilution series). Ct values
(threshold cycle) were obtained at the time the fluorescence exceeded the threshold value. Ct values were
subsequently transformed to “raw data”, taking into account PCR efficiency and all values measured during the
same run. Obtained data were normalised against a set of 3 reference genes (beta-actin, beta-2-microglobulin and
ubiquitin B) to allow reliable comparison.
2.4. Immunohistochemical staining procedures
Cryosections were cut at 6 µm and stained immunohistochemically to assess the proliferative fraction of the
tumour using Ki67 staining and to evaluate p53 expression. Ki67 staining was estimated separately for the
superficial and the deep layers of the sarcoids, as well as globally. Eight high power fields (640x) of the
superficial and eight of the deep layers of the tumours were randomly chosen to count all nuclei and the number
of Ki67 positive nuclei. Positive control tissues were equine papilloma for Ki67 and equine squamous cell
carcinoma for p53.
2.5. Statistical analysis
Numerical data were log transformed and data were analysed using a linear mixed effect model, with “horse” as
random effect. Differences in p53 staining were analysed with logistic regression. Correlations between
outcomes were investigated with Pearson’s correlation coefficient. Univariate analysis was used to study
correlation between outcome and “horse” and “tumour” characteristics. For all tests, differences were considered
statistically significant if p-values were below 0.05.
3. RESULTS
In this study, 99 equine sarcoids originating from 60 horses of different breeds (warmblood, thoroughbred,
standardbred, arabian thoroughbred, draft horse and pony) and 1 donkey were evaluated. Tumours were
classified as fibroblastic (n=39), occult (n=20), nodular (n=21) or verrucous (n=19) types. All tumours showed
presence of BPV DNA. The majority of the sarcoids (88%) harboured BPV1, the remaining 12% BPV2.
3.1. Quantitative mRNA analysis
Table 1 represents the results for all groups of equine sarcoids. For each examined BPV gene, nodular sarcoids
showed the highest expression, followed by verrucous, fibroblastic and occult sarcoids. Differences between
nodular and fibroblastic and between nodular and occult sarcoids were always statistically significant. Occult
and verrucous tumours varied significantly for each examined BPV gene, except for E6. The difference in BPV
mRNA expression between nodular and verrucous sarcoids was too small to be significant. Fibroblastic and
verrucous sarcoids only showed a significant difference for E7 expression but not for the other BPV genes.
Finally, fibroblastic and occult sarcoids showed a significant difference for E2 and E5 but not for E6 and E7.

Table 1: Mean and 95% confidence interval of log transformed results of quantitative mRNA analysis
Type of sarcoid
Nodular
Verrucous
Fibroblastic
Occult

log E2
3.92 [3.76-4.08]
3.66 [3.43-3.89]
3.36 [3.15-3.57]
3.15 [2.74-3.56]

log E5
3.68 [3.53-3.84]
3.22 [2.98-3.45]
3.06 [2.81-3.30]
2.65 [2.19-3.11]

log E6
3.96 [3.76-4.17]
3.75 [3.54-3.95]
3.51 [3.29-3.73]
3.40 [2.89-3.91]

log E7
3.77 [3.62-3.93]
3.39 [3.15-3.62]
3.01 [2.80-3.22]
2.91 [2.44-3.38]

3.2. Immunohistochemical staining
The mean PF for all equine sarcoids was 2.41%. The PF for the superficial portion of each sarcoid was
significantly higher than the PF for the deep portion. Verrucous and fibroblastic sarcoids showed a significantly
higher PF in the superficial portion compared to occult and nodular tumours. No significant difference for deep
PF was observed between the different sarcoid types. P53 expression was present in 36.1% of the tumours, but
differences between groups were not statistically significant. Data are summarised in Table 2.
Table 2: Mean and 95% confidence interval of the proliferative fraction and percentage sarcoids positive for p53
expression
Type of sarcoid
Verrucous
Fibroblastic
Occult
Nodular

PF superficial (%)
4.03 [2.65-5.42]
3.76 [3.05-4.48]
1.88 [1.27-2.49]
1.59 [1.05-2.12]

PF deep (%)
1.78 [0.95-2.61]
2.21 [1.64-2.78]
1.43 [0.81-2.06]
1.74 [1.15-2.32]

PF total (%)
2.91 [2.14-3.68]
2.99 [2.49-3.49]
1.66 [1.12-2.20]
1.66 [1.29-2.03]

p53 (%)
47.4
40.5
35.0
19.0

3.3 Correlation between results
For each sarcoid, expression of different BPV genes was highly correlated (r between 0.675 and 0.923), as well
as superficial and deep PF (r=0.265). On the other hand, BPV mRNA expression and PF were not significantly
correlated (r<0.135), with only one exception for E6 and deep PF, which showed a rather weak correlation
(r=0.205). No correlation was found between outcome of any examined BPV gene and BPV type, localisation,
size, time of onset, breed, sex and recurrence after surgery. Tumours originating from the same horse showed
related outcomes, despite a sometimes different clinical appearance.
4. DISCUSSION
Obtained values of quantitative mRNA expression are “in se” meaningless and do not represent any
concentration of mRNA, but they do allow a representative comparison of mRNA expression between different
samples. Values of different genes cannot be compared, since PCR efficiency can vary between primers of
different genes. Therefore, data presented in this study should be regarded with proper care. As expected,
fibroblastic sarcoids, which show an aggressive character and frequently recur after surgery, have a high
proliferative fraction in the superficial layers. This is in contrast with the observed low BPV expression in these
tumours. On the other hand, human papillomavirus gene expression increases when cervical lesions progress
from dysplasia to cancer. Possibly BPV gene expression becomes less important in tumour progression once
certain cellular abnormalities have been established.
In conclusion, these results show that the clinical behavior of an equine sarcoid is difficult to explain by
differences in BPV mRNA expression.
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ABSTRACT
An important aspect of epidemiological research is the identification of factors that affect the disease occurrence.
Then such factors might be used to prevent or reduce the disease or its consequences. In the current study, risk
factors regarding Salmonella infections in pig farms are investigated. To this end, serological data on
Salmonella are analyzed first in order to quantify disease occurrence at pig farm level. Then, the results of the
latter analysis are linked with data on biosecurity in pig farms to identify risk factors.

SAMENVATTING
Een belangrijk onderdeel van epidemiologisch onderzoek is de identificatie van factoren die het vóórkomen van
ziekten beïnvloeden om zodoende maatregelen te kunnen nemen ter preventie of reductie van ziekten en hun
gevolgen. In de huidige studie, worden risicofactoren voor Salmonella infecties op varkensbedrijven bestudeerd.
Hiertoe worden eerst serologische data geanalyseerd om het vóórkomen van Salmonella op bedrijfsniveau te
kwantificeren. Daarna wordt deze informatie gekoppeld aan gegevens over bioveiligheid in varkensbedrijven
om zodoende risicofactoren te kunnen identificeren.
1. INTRODUCTION
Salmonellosis is one of the main causes of food borne diseases and considered a major threat to human health.
Food borne Salmonellosis can cause gastroenterititis of which diarrhea, abdominal pain and fever are the most
common symptoms. In Belgium, an incidence rate of 104 cases of Salmonellosis per 100.000 inhabitants was
recorded in 2001, which is more than twice the European average (41 cases) [1.]. Since the consumption of meat
derived from Salmonella infected pigs is an important source of zoonotic Salmonellosis, the Belgian Federal
Agency for the Safety of the Food Chain (FAVV) started with a serological Salmonella surveillance program in
meat producing pig farms in the end of 2004 [2.]. In addition, a postal survey on biosecurity in Belgian pig
farms has been conducted in 2005 [3.], which describes the degree of measures taken in order to minimize the
risk of introducing an infectious agent into herds.
Objectives of the current study are (a) the identification of the 10% pig farms with the highest Salmonella
seroprevalence and (b) the identification of Salmonella infection risk factors. In order to identify risk farms, the
data of the Salmonellosis surveillance program are analyzed using quantile regression with P-splines [4.] while
accounting for different confounding effects. Then, these results are linked with the data on biosecurity in order
to identify potential Salmonella risk factors using mixed-effects logistic regression.
2. MATERIAL AND METHODS
Following the serological Salmonella surveillance program organized by FAVV [2.], all Belgian meat producing
pig farms are monitored every 3 to 4 months. Each time, blood samples of a random sample of 10 or 12 pigs
(depending on the size of the farm) are taken, which are analyzed for Salmonella specific antibodies with an
indirect ELISA test. The results of the tests are reported as SP-ratio’s. For every blood sample taken, the farm
identification number, animal weight (<40kg, 40-59kg, 60-79kg and > 80kg) and sampling time are recorded as
well. With respect to the postal survey on biosecurity in Belgian pig farms [3.], written questionnaires were sent
to a random sample of 609 pig farms, stratified proportional to province size. Reliability of the survey is assured

by the high response rate of 71.6%. Of the 436 filled in questionnaires, 332 are originating from meat producing
pig farms and suited for analysis. In the current study, the serological and the biosecurity dataset are linked by
farm identification number. Only data on meat producing pig farms that are included in both datasets (n =316)
are retained for analysis.
2.1. Identification of risk farms
Occurrence of Salmonella infections at pig farm level is quantified by means of a non-parametric quantile
regression using P-splines [4.]. In particular, for each weight category, the 90% quantile curve of SP-ratio’s at
pig level is estimated as a function of sampling time while assuming an additive weight effect. As such,
confounding seasonal effects and effects of animal age (using animal weight as proxy) are controlled for. Then,
for each pig farm i, the proportion Pi of pigs having an extremely high SP-ratio (that is, an SP-ratio higher than
the corresponding 90% quantile) is calculated. It follows that, under the null hypothesis that the occurrence of
Salmonella infections is equal in all pig farms, the number of pigs having an extreme SP-ratio in pig farm i (Yi =
Ni x Pi) is binomially distributed with Yi ~ binomial(Ni,0.10). The p-value corresponding to the alternative
hypothesis that pig farm i with SP ratio xi has a higher occurrence of Salmonellosis compared to the other farms
equals P[Xi ≥ xi| Xi ~ binomial(Ni,0.10)]. Hence, farms for which the latter p-value is low are more likely to
have higher Salmonella occurrence.
2.2. Identification of risk factors
Salmonella risk factors are investigated using mixed-effects logistic regression [5.]. In particular, the proportion
of pigs having an extremely high SP-ratio is regressed on biosecurity variables, with farm-specific random
intercepts. Classical model building strategies are adopted. First, univariate analyses are conducted as a
screening tool. Then the importance of each variable in the multivariate model is considered, retaining only the
variables having a p-value less than 0.05. Finally, possible interactions are investigated.

3. RESULTS
3.1. Identification of risk farms
To quantify Salmonella seroprevalence at pig farm level, the 90% quantile curves of SP-ratio’s at pig level are
estimated conditional on sampling time and animal weight using P-splines with a basis of 50 B-splines. The
smoothness parameter λ is determined using cross-validation (λ= 2.7). The estimated quantile curves are shown
in Figure 1a. Clearly, there is a strong seasonal effect with higher SP-ratio’s throughout the summer months. In
addition, an effect of weight can be seen with the higher weight, the higher the quantile curves of SP-ratio’s
(weight categories ‘40-59kg’ and ’60-79kg’ are merged since no significant differences are observed between
these categories). Figure 1b shows the proportion of risk animals per pig farm and the corresponding binomial
probability. It is calculated that 37 farms (11.8%) have a binomial probability smaller than 0.001, which are
identified as high risk farms.
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Figure 1: (left) 90% quantile curves of SP-ratio’s as and (right) proportion pigs per farm having extreme
SP-ratio’s (circles) and corresponding binomial probability (triangles).
3.2. Identification of risk factors
To identify risk factors, mixed-effects logistic regression is used. After model building, the final model includes
farm size, presence of piglets, regularly cleaning stables, insect control and contact between pigs. The model is
summarized in Table 1. Clearly, the larger farm size, the higher Salmonellosis seroprevalence. Furhtermore,
farms with full grown animals only have a higher Salmonellosis seroprevalence compared to farms with piglets
as well. Finally, regularly cleaning stables and insect control are remedial measures whereas possible nose
contact between pigs is a Salmonellosis risk factor.

Table 1: Estimates, standard errors and p-values of the fixed effects in final model.
effect
farm size
piglets
cleaning
insect
nose

estimate (s.e.)

p-value

0.00022 (0.00010)
-0.53 (0.25)
-0.79 (0.24)
-0.96 (0.0012)
0.65 (0.48)

0.036
0.036
0.0014
0.046
0.046

4. DISCUSSION
In the current study, Salmonellosis occurrence in pigs is modelled using quantile regression with P-splines while
taking into account seasonal effects and the effect of animal age. The latter model is then used to quantify
Salmonella occurrence in pig farms and eventually, to identify risk farms by means of a binomial probability
measure. This approach is advantageous in the sense that confounding factors are controlled for and that risk
farms are identified within an inferential framework.
Second, risk factors are investigated using mixed-effects logistic regression. The final model indicates that
Salmonella occurrence increases for increasing farm size. Regularly cleaning stables and insect control are
remedial measures whereas possible nose contact between pigs is a Salmonellosis risk factor.
For these analyses, the proportion Pi of pigs having an extremely high SP-ratio for all sampling moments
simultaneously is used as dependent variable. In further research, we might consider multivariate analyses with
proportions for each sampling moment individually as dependent variables taking into account serial correlation
structures.
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ABSTRACT
In three Flemish regions, selected on the basis of their distinctive animal densities, resistance of Escherichia coli
against 14 frequently administered antibiotics was determined in six ecological niches viz pigs, dairy cattle,
broilers, septic material, hares and surface waters.
The highest degree of antibiotic resistance and multiresistance was found in pigs and broilers, followed by septic
material and surface water. In each niche, the highest prevalence of antibiotic resistance was detected against
sulfamethizole, oxytetracycline, neomycin and streptomycin. Both for the prevalence of resistance against each
single antibiotic as for the antibiotic resistance index (ARI), no significant differences were found between the
three regions, neither between pigs and broilers, between septic material and surface water and between dairy
cattle and hares.
The main conclusions are that antibiotic resistance predominantly occurs in industrially raised animals and that a
difference in population density does not seem to influence the prevalence of antibiotic resistance.
SAMENVATTING
In drie Vlaamse regio’s, geselecteerd op basis van hun verschillende dierdensiteit, werd voor 14 antibiotica die
frequent in de humane geneeskunde en de diergeneeskunde aangewend worden, het voorkomen van resistentie
bij Escherichia coli bepaald voor zes ecologische niches zijnde vleesvarkens, melkvee, vleeskippen, septisch
materiaal afkomstig van de mens, hazen en oppervlaktewater.
De meeste antibioticumresistentie en tevens de hoogste graad van multiresistentie werd opgemerkt bij
vleesvarkens en vleeskippen, gevolgd door septisch materiaal en oppervlaktewater. In elke niche werd de meeste
resistentie gezien tegenover sulfamethizole, oxytetracycline, neomycine en streptomycine. Voor zowel de
resistentiepercentages als de antibioticumresistentie index (ARI) werden geen significante verschillen tussen de
drie regio’s, noch tussen de niches vleesvarkens en vleeskippen, melkvee en hazen, en septisch materiaal en
oppervlaktewater vastgesteld.
De belangrijkste conclusies zijn dat antibioticumresistentie vooral bij industrieel gehouden dieren frequent
voorkomt en dat een verschillende populatiedensiteit geen invloed lijkt te hebben op het voorkomen van
antibioticumresistentie.
1. INTRODUCTION
Resistance against some antibiotics has nowadays reached alarming levels in human medicine. It is often thought
that antibiotic resistance in veterinary medicine could contribute to the increasing prevalence of human antibiotic
resistant bacteria (2). Worldwide many studies have been performed to clarify the relation between antibiotic
resistance in human and veterinary medicine. However, in Flanders few data about the prevalence of antibiotic
resistance in wildlife, septic material and surface waters are available. Additionally, it is not clear whether or not
there is a link between antibiotic resistance found in various ecological niches. Which role do feral animals,
septic material and surface waters play in the dissemination of antibiotic resistance in the environment, and in
the transmission of resistance genes to man and domestic animals?
A cross-sectional study aiming to clarify the relation between the prevalence of antibiotic resistance in faecal
Escherichia coli (E. coli) isolates in several ecological niches was therefore performed. Additionally, the impact
of the population density on antibiotic resistance was evaluated.

2. MATERIAL AND METHODS
2.1. Samples
Faecal samples of pigs, dairy cattle, broilers and hares, as well as samples of septic material and surface waters
were collected in Brugge, Deinze and Wingene (Flanders, Belgium). In each region, all examined farms were
randomly selected. A randomisation method was also used to select the hares and to determine which samples
from septic material and surface waters would be collected. Hares were sampled immediately after hunting.
Septic material was derived from septic tanks.
2.2. Bacteriological examination
From each sample the indicator bacterium E. coli was isolated (3). Then, growth inhibition diameters were
measured for 14 antibiotics that are frequently administered in human and veterinary medicine (Table 1) by
means of the disk diffusion method (1). Bacteria showing intermediate antibiotic resistance were considered as
resistant bacteria.
2.3. Statistical analysis
One-way ANOVA was used to detect any differences in the antibiotic resistance index (ARI = number of
antibiotics against which resistance is seen / number of tested antibiotics; ranging from 0 to 1) between the
various regions and niches. When significant differences occurred, a Scheffé post-hoc test was used to determine
exactly between which regions or niches differences occurred. Differences between the niches in antibiotic
resistance percentages of each single antibiotic were tested using logistical regression. Finally, correspondence
analysis was applied to clarify the relation between the various niches and the antibiotic resistance.
3. RESULTS
The highest prevalence of antibiotic resistance as well as the highest degree of multiresistance was found in E.
coli isolates of pigs and broilers, followed by septic material and surface water. In faecal samples of dairy cattle
and hares, only minor antibiotic resistance was observed (Table 1). Both for the resistance prevalence against
each single antibiotic as for the ARI, no significant differences were found between the three regions (population
densities). In addition, for the ARI, no significant differences could be detected between pigs and broilers,
between septic material and surface water and between dairy cattle and hares (Fig. 1).
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Fig. 1. ARI per niche represented in boxplots. The median value is given by a black bold line. The lines at the
extremities of the box represent the minimum and maximum values. The box itself is a representation of the
interquartile range (25% to 75% of all values).

Tabel 1. Percentages (%) E. coli isolates showing resistance against 14 antibiotics per niche
Antibiotic

Niche
Pigs

Broilers

Dairy cattle

Hares

Septic material

Surface water

Ampicillin

50,8a

74,4b

10,3c

3,0c

53,1e

63,0e

Amoxicillin + clavulanic acid
Ceftiofur
Sulfamethizole
Sulfa-Trimethoprim
Oxytetracycline
Gentamicin
Neomycin
Spectinomycin
Streptomycin
Enrofloxacin
Flumequine
Nalidixic acid
Florfenicol

12,3a
1,5a
72,3a
53,8a
66,2a
13,8a
63,1a
41,5a
76,9a
4,6a
6,2a
27,7a
40,0a

29,5b
28,2b
74,4a
50,0a
52,6a
9,0a
67,9a
28,2a
69,2a
17,9b
30,8b
52,6b
16,7b

14,1c
0,0c
34,6c
0,0c
5,1c
5,1c
53,8c
5,1c
34,6c
0,0c
0,0c
10,4c
11,5c

4,5c
0,0c
16,7d
1,5c
1,5c
1,5c
19,7d
0,0c
13,6d
0,0c
0,0c
3,0c
3,0c

23,4e
3,1e
53,1e
7,8e
32,8e
12,5e
68,8e
12,5e
60,9e
3,1e
6,3e
26,6e
17,2e

13,0e
4,3e
71,7e
8,7e
21,7e
6,5e
60,9e
10,9e
65,2e
0,0e
4,3e
26,1e
15,2e

a-a

: no significant difference between resistance percentages in pigs and broilers
: significant difference between resistance percentages in pigs and broilers
c-c
: no significant difference between resistance percentages in dairy cattle and hares
c-d
: significant difference between resistance percentages in dairy cattle and hares
e-e
: no significant difference between resistance percentages in septic material and surface water
a-b

Correspondence analysis revealed that the antibiotic resistance profile of septic material and surface water, and
of hares and dairy cattle are highly similar. Antibiotic resistance in pigs is mainly determined by a high
prevalence of resistance against tetracyclines. In broilers, quinolones seem to have a major impact on general
antibiotic resistance.
4. DISCUSSION
A first important finding was that a difference in population density does not seem to influence the prevalence of
antibiotic resistance. However, it is assumable that differences in animal densities in Flanders are not large
enough to produce a detectable difference in the prevalence of antibiotic resistance. Secondly, it is obvious that
antibiotic resistance occurs predominantly in industrially raised animals. Nevertheless, also in septic material and
surface waters, high levels of antibiotic resistance are present.
We may conclude that for industrially kept animals as well as for humans, the levels of antibiotic resistance are
worrying. Moreover, large amounts of resistant aqueous bacteria can contribute to an increased dissemination of
antibiotic resistance in the environment. The role wildlife plays in this is however negligible.
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ABSTRACT
The aim of this study was to evaluate the relation between antimicrobial use and antimicrobial resistance by
means of a longitudinal study in veal calves. On five herds a detailed prospective registration of antimicrobial
use was performed and translated into the treatment incidence based on the used daily dose (TIudd) determined
at 4 weeks (T1) and 24 weeks (T2) after arrival at the farm. Simultaneously, antimicrobial resistance was
monitored in faecal E. coli (12 antimicrobial agents) at T1 and T2, and resistance levels were quantified by
means of the antimicrobial resistance index (ARI). The relationship between the treatment incidence and the ARI
was analysed using a linear mixed effect model with herd included as a random factor and time period as
covariable. The average (range) TIudd and ARI were 865.6 (437.2-1535.7) and 0.55 (+/-0.17) at T1, and 324.1
(120.3-611.9) and 0.28 (+/- 0.02) at T2, respectively. Statistical analysis revealed a significant relation between
ARI and TIudd and between ARI and time period.
SAMENVATTING
Om de relatie tussen het antibioticumgebruik en antibioticumresistentie op vleeskalveren te onderzoeken werd
een longitudinale studie op vijf vleeskalverbedrijven opgezet. Een gedetailleerde prospectieve registratie van het
antibioticumgebruik werd vertaald naar de behandelingsincidentie gebaseerd op de dagelijks werkelijk gebruikte
dosis (Tiudd) op 4 (T1) en 24 weken (T2) na aankomst van de dieren op de bedrijven. Tegelijkertijd werd op
basis van gevoeligheidsbepalingen bepaald op T1 en T2 van faecale E. coli (12 antibiotica),
antibioticumresistentie geregistreerd door middel van de antimicrobiële resistentie index (ARI). Het verband
tussen de behandelingsincidentie en ARI werd onderzocht met behulp van een linear mixed effect model waarbij
bedrijf als random factor werd opgenomen en tijdsperiode als covariable. De gemiddelde (spreiding) TIudd en
ARI waren respectievelijk 865.6 (437.2-1535.7) en 0.55 (+/-0.17) op T1, en 324.1 (120.3-611.9) en 0.28 (+/0.02) op T2. Een significant verband werd aangetoond tussen de ARI en Tiudd, en tussen de ARI en de
tijdsperiode.

1. INTRODUCTION
The public health aspect of antimicrobial resistance in livestock relates to the evidence that the commensal
gastro-intestinal microbiota (represented by indicator bacteria) of healthy animals harbour a reservoir of
resistance genes. Animal associated resistant bacteria might temporarily colonize the human digestive tract
through the food chain or by direct contact. At these occasions, the underlying resistance genes can be
transferred into bacteria belonging to human gastro-intestinal microbiota. If, moreover, this lateral transfer takes
place into human pathogenic bacteria, this can result in treatment failure as a consequence of antimicrobial
resistance (Catry et al., 2003). To be able to control and manage the problem of antimicrobial resistance in
animals, a good knowledge of the epidemiology is a prerequisite. To explore this epidemiology, field studies
that describe the prevalence and evaluate the contributing factors in the development and maintenance of
antimicrobial resistance are essential (Bywater, 2000).
Veal calf rearing systems are worldwide an important economical side-market of dairy industry. Predominantly
male dairy calves, unfavourably disposed towards milk production, are raised under a milk diet during
approximately 6 months for white veal production. Since it implies the gathering of immature individuals from
different origin in large and dense populations, respiratory and digestive disorders with bacterial involvement are
very frequently encountered in this intensive rearing system (van der Fels-Klerx et al., 2000). As a result,

antimicrobial treatment incidences in veal calf industry largely exceed treatment incidences in more extensively
housed dairy and beef (suckling) cattle farms (Feyen et al., 2004). In addition, because group treatments are
commonly given orally, an efficient selection pressure for antimicrobial resistance can be expected in the
digestive tract (Timmerman et al., 2005).
The purpose of the present study was to evaluate the relation between antimicrobial use and antimicrobial
resistance on five veal calf farms. Hereby, antimicrobial resistance was investigated in Escherichia (E.) coli, the
most frequently studied indicator organism from the digestive tract of different animal species (Catry et al.,
2003).

2.1.

2. MATERIALS AND METHODS
Study design and period.

A longitudinal study was performed on five veal calf farms, and consisted on the one hand of a detailed
prospective registration of antimicrobial use. These records of individual animal treatments were translated into
the treatment incidence determined at 4 weeks (T1) and 24 weeks (T2) after arrival at the farm. On the other
hand, at these two time points antimicrobial resistance was measured by means of antibiograms from faecal E.
coli recovered from individual animals using disk diffusion tests. The study period was March 2003-June 2004.

2.2.

Animals and husbandry

The husbandry and housing of the animals followed the standard practices of Belgian veal calf farms consisting
of production rounds of 6 months. Four farms consisted of mainly male Holstein Friesian calves, while 1 farm
harboured only Belgian White Blue calves. Briefly, after arrival the calves were individually housed in straw
bedded boxes where they received a milk replacer diet two times a day, supplemented with antimicrobial agents
for up to 2 weeks (starter ration). All animals were identified by numbered ear tags and were fed appropriately
for their age. No vaccinations had been given to the calves. Several age groups of calves could be present within
a same farm, but only one age group per herd was enrolled in the study. The average number of enrolled calves
per herd was 331 (144-594). For the choice of farms, the willingness of the farmer to contribute to the study was
the main inclusion criterion

2.3.

Antimicrobial use

Daily recorded data of all therapies were kept by the farmers, and included date, product, dose, treatment
duration, route of administration, and estimated weight. Only group treatments were included for the
calculations, since this was the majority of administrations (> 95%). Treatment incidences were based on the
used daily dose (UDD) as earlier described (Timmerman et al., 2006) using the following formula (1):
UDD/ 1000 kg animal at risk/day=

amount of antibiotics used (mg)
× 1000 kg animal
UDD × observation period × kg of animal at risk

(1)

UDDe/1000 kg animal at risk/day was defined as the actual treatment incidence (TIUDD) for antimicrobial drugs
or the actual number of animals per 1000 animals at risk treated daily with the applied antimicrobial agents.
To determine the kg of animals at risk in the veal herds, the number of animals was multiplied by the median
living body weight at the moment of treatment (Timmerman et al., 2005). In the present study, mean observation
periods and median weight at moment of treatment at T1 and T2 were 28 days and 50.0 kg, and 81.0 and 196
days, respectively. The relative importance of each administered antimicrobial was expressed by the proportional
TIUDDn, calculated by dividing the TIUDD of each antimicrobial by the total TIUDD (Timmerman et al., 2005).

2.4.

Antimicrobial resistance

Sampling consisted of collecting faecal material (rectum) of 20% of the calves present at T1 and T2,
and retrieval of one faecal E. coli isolate per calf by standard bacteriological procedures (Quinn et al., 1994). The
antimicrobial resistance profile was determined of each isolate by means of the Kirby-Bauer disk diffusion
method for 12 antimicrobial agents (ampicillin (AMP), amoxicillin + clavulanic acid (AMC), ceftiofur (CEF),
oxytetracycline (TET), trimethoprim-sulphonamides (TMPS), neomycin (NEO), gentamicin (GEN),
streptomycin (STR), spectinomycin (SPE), nalidixic acid (NAL), flumequine (FLU) and enrofloxacin (ENR)).
CLSI guidelines (NCCLS, 2002) were followed during the test procedure for standardisation of the inoculum,
incubation, and media, including internal quality control by means of Escherichia coli ATCC 25922. Reading of
inhibition zones (in mm) was performed by the semi-automated SIRscan 2000 device (i2a, Montpellier, France).

2.5.

Data analysis

The resistance level was quantified by means of antimicrobial resistance index (ARI) which is calculated as the
number of antimicrobials against which resistance is detected divided by the total number of antimicrobials
tested. The relationship between the treatment incidence and the ARI was analysed using a linear mixed effect
model with herd and period included as random factors (S-Plus 7.0).

3. RESULTS
The average kg of animal at risk was 50.0 kg at T1 and 81.0 kg at T2. The average (range) TIudd was 865.6
(437.2-1535.7) for T1 and 324.1 (120.3-611.9) on T2. A TIudd of 865.5 means that on a total of 1000 calves at
risk, an average of 865.5 were daily treated with antimicrobial agents during the observation period. The
proportional TIudds for the different antimicrobial group treatments over all 5 farms were as follows:
tetracyclines (54.2 %), tylosin (24.1%), colistin (14.1%), amoxicilline (3.8%), potentiated sulphonamides
(2.6%), and flumequine (1.2%). A total of 276 and 231 E. coli isolates for T1 and T2, respectively, were
included for the analysis. Average resistance percentages for the different antimicrobial compounds tested at T1
and T2 are presented in Figure 1. The average ARIs (+/- SD) at T1 and T2 were 0.55 (+/-0.17) and 0.28 (+/0.02), and are included along with the TIudds for T1 and T2 in Figure 2. Statistical analysis revealed a
significant relation between ARI and TIudd (p<0.001) and between ARI and period (p<0.001).
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Figure 1. Average % of resistance in E. coli at 4 (T1) and
24 weeks (T2) on five veal calves farms.

Figure 2. Relationship between resistance index (ARI) and treatment
incidence at T1 and T2.

4. DISCUSSION
Our study demonstrated that both the treatment incidences and the ARIs dropped towards the end of the
production cycle, indicating that most disorders and consequentially most treatments are encountered or
anticipated within the first weeks after arrival at the veal herds. In addition, a significant association between the
treatment incidence and the occurrence of resistance in faecal E. coli isolates was observed. This confirms the
use of the TIudd as good investigation parameter for epidemiological studies as already demonstrated in swine
(Timmerman et al., 2005). An important study choice that has improved the power of the here presented study is
the use of E. coli as Gram-negative indicator bacterium, since proportionally 75.9 % of all compounds used for
group treatments were molecules with an activity spectrum including this bacterial species.
Since the public health aspect is related to carcass contamination during slaughter, it would be interesting to see
what the occurrence is of antimicrobial resistance among E. coli at that time. Although one would expect a
constant lowering of the ARI as suggested by the present findings, stress due to transport or dietary measures can
largely influence the abundance of antimicrobial resistance (Catry et al., 2003), leaving this aspect of the
epidemiology unclear.
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SUMMARY
An important part in the development of a risk analysis is to describe the critical points of the production
process. In this study, critical control points regarding Salmonella contamination in pig slaughterhouses were
investigated. For this purpose, the whole production path of the Belgian slaughterhouses is described. Data were
collected by interviewing the slaughterhouse personnel and by visual inspection of the entire slaughter process.
The 10 biggest pig slaughterhouses of Belgium were visited. Many differences have been observed between the
slaughterhouses, and there are still a number of points where improvements are possible to obtain an even better
hygiene status.

SAMENVATTING
Om een risicoanalyse te maken van het voorkomen van Salmonella in varkensvlees is het belangrijk de kritische
controlepunten te beschrijven. In dit artikel wordt het productiepad in een slachthuis in België beschreven.
Gegevens werden verzameld aan de hand van een interview met het slachthuis personeel en een rondleiding in
het slachthuis. De 10 grootste varkensslachthuizen in België zijn bezocht. Er zijn grote verschillen opgemerkt
tussen de slachthuizen en er zijn nog verscheidene punten die voor verbetering vatbaar zijn om de hygiëne status
nog verder te verbeteren.

1. INTRODUCTION
Salmonella is still a frequently occurring pathogen. Besides eggs and chicken, pork meat may be highly
contaminated with Salmonella. A study in Denmark showed that 9% of the food related Salmonella cases are
attributable to domestically produced pork (6). To decrease this risk for public health, critical points during the
production process of pork meat have to be investigated. This production process can be subdivided into 5 big
steps: 1) primary production, 2) slaughterhouse, 3) cutting place, 4) distribution and 5) the consumer.
It has been described that in the whole production path, the slaughter line is the most important source of
Salmonella contamination for the carcasses (2, 3). This may be explained by the fact that swine slaughter is an
open process with many possible risks for the contamination of the pork carcass with zoonotic bacteria like
Salmonella (1). The objective of this study was to describe the slaughtering process in Belgian slaughterhouse,
and to elucidate critical steps for Salmonella contamination from transport until chilling.

2. MATERIALS AND METHODS
The 10 biggest pig slaughterhouses in Belgium were selected based on the amount of pork meat produced in
2004. Data concerning the slaughtering process was collected by means of a face-to-face interview with the
slaughterhouse personnel responsible for the hygiene in the slaughterhouses. The questionnaire used for this
interview was pilot tested in one slaughterhouse, and predominantly closed questions were included. In addition
to the information of the questionnaire, temperatures of used water and passing times in some machines were
measured during a visit of the slaughter line. In each slaughterhouse, the whole slaughter line was inspected in a
backward direction, starting in the clean part in the refrigerator and ending in the dirty part in the lairage.

3. RESULTS & DISCUSSION
Under Belgian circumstances, transport from the herd to the slaughterhouse takes approximately 74 minutes
(mean value)(min 5 minutes, max 210 minutes). This number is calculated based upon the documents of the
transporters. The number of pigs shedding Salmonella can increase significantly during transport and holding
(3). The physiological changes associated with stress during transport might stimulate the recrudescence of latent
carriers and increase the susceptibility of non-carriers to new infection (Geverink et al., 1998). The mean time
the slaughter pigs are kept in the lairage is 2 hours (min 10 minutes, maximum 180 minutes). In 80% of the
slaughterhouses, the lairage is cleaned daily, but only 10% also disinfects the lairage daily. In 30% of the cases,
the lairage is never disinfected. Different results of the questionnaire and measurements during the slaughter
house visits are summarised in Table 1.
After stunning (50% uses CO2 stunning and the other half uses electrocution) and bleeding, the pig carcasses are
scalded in a water bath for approximately 6.7 min. Steaming is only practiced in 2 out of the 10 visited
slaughterhouses. The others used a scalding bath where the water was on average 60.5°C. At this temperature,
most Salmonella bacteria are killed. In most slaughterhouses, particular attention is paid to maintain this
temperature of the scalding water, not only to decrease the Salmonella contamination, but also to achieve
optimal dehairing of the carcasses during the next step in the slaughter process. In case the scalding water is too
cold, dehairing would be incomlete, whereas a too high temperature of the water or scalding for a too long period
would damage the carcasses.
The dehairing process is performed mostly using cold water. In every slaughterhouse the machine can be
opened, but it remains difficult to clean them. Therefore the dehairing process is a critical point in the slaughter
process where cross contamination is possible. In a next step, the carcasses go through a flaming device. This
process is called the singeing; this way, remaining hairs on the carcasses are destroyed. The number of burners
varies from 4 to 8 and the number of flames on one burner varies from 12 to 17. Due to the very high
temperature, possible remaining Salmonella bacteria on the surface of the carcass should be killed.
After the singeing recontamination of the carcasses in the polishing machine is possible. Comparing with the
dehairing machine, this machine can in most cases not be opened and is therefore very difficult to clean.
After polishing, the carcasses go from the dirty to the clean area of the slaughter line. First, the rectum is
detached with a bung cutter (80%) or with a knife (20%). The bung cutter is immersed between every carcass in
a water bath of approximately 73°C. In fact, according to the Belgian regulation, the water temperature has to be
82°, but this was not reached in any of the visited slaughterhouses. The highest measured temperature was 81°C.
Although sealing of the detached rectum in a plastic bag is the best way to prevent faecal contamination of the
carcass, no visited slaughterhouses used this procedure.
Then carcasses are eviscerated. Together with the detachment of the rectum, evisceration of the carcasses is one
of the most critical points for potential Salmonella contamination during the slaughter process. When intestines
of carcasses are perforated during this process or other structures (e.g. lymph nodes) are touched, the
evisceration knife is contaminated, with potentially cross contamination of the carcass or following carcasses.
The temperature of the cleaning water for the evisceration knifes varied from 47°C to 81°C. However knifes
were not disinfected between every carcass, likely because of the high slaughtering speed (varying between 285
to 550 pigs per hour). In the best situation, they were disinfected every third or fourth carcass.
The carcasses are then split automatically with one or two splitting machines. These were in 70% of the cases
cleaned between two carcasses and in 30% of the cases disinfected.
Finally after the splitting process, the carcasses are inspected, weighed, graded and chilled. The inspection again
is a critical point because of the manipulation of the tonsils, lymph node and the carcass with potentially
contaminated knifes.

Table 1: Selected results of a questionnaire and inspection of 10 Belgian slaughterhouses.
Min.
Max.
Mean
Max. duration of transport (in min)
45
210
136.7
Min. duration of transport (in min)
5
60
23.9
Mean time in lairage (in min)
60
180
126.0
Max. time in lairage (in min)
80
720
302.0
Min. time in lairage (in min)
0
120
64.9
Temperature of scalding water (°C)
58.5
63.7
60.5
Time in flaming machine (in sec)
5
16
10.6

4. CONCLUSIONS & REMARKS
It can be concluded that major differences in the slaughtering process exist between the slaughterhouses
regarding the critical points for Salmonella contamination.
As remark we should take into account that the interview personnel of the slaughterhouse were in many cases the
quality managers, and that this people are concerned in a good looking hygiene management. This people know
very well what the hygiene norms are, so their answers have to be interpreted with care. Also during the visual
inspection during the slaughtering process, the employees knew we were watching and they tryied very hard to
do their best and for example to disinfect their knifes between every carcass. Nevertheless, this research
illustrates hygienic measures can still be improved. Water bath temperatures should be higher, visceration
handlings could be better, and polishing machines should be cleaned thoroughly in order to avoid crosscontamination.
In following studies, we will focus on the impact of these differences on the Salmonella contamination level.
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ILLUSTRATIONS OF OBSERVATIONAL STUDIES IN DOMESTIC ANIMALS
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ABSTRACT
In this paper the use of observational studies in veterinary medicine is illustrated by means of a number of recent
examples in different animal species (pigs, cattle, poultry, and horses). Observational studies conducted to
identify risk or prognostic factors are discussed, but also studies used to evaluate treatments or diagnostic
procedures are illustrated. Finally, the use of data from observational studies for subsequent economic analyses
is discussed.
SAMENVATTING
In dit artikel wordt aan de hand van een reeks recente voorbeelden bij verschillende diersoorten (varken, rund,
pluimvee, paard) geïllustreerd waarvoor observationele studies kunnen gebruikt worden in de diergeneeskunde.
Hierbij worden studies geïllustreerd die werden uitgevoerd om risico- of prognostische factoren te identificeren.
Maar ook studies die werden uitgevoerd om behandelingen of diagnostische procedures te evalueren worden
besproken. Tenslotte wordt ingegaan op het gebruik van resultaten uit observationele studies voor verdere
economische analyses.
1.

INTRODUCTION

Observational studies are part of the core business of epidemiological research since epidemiology as discipline
aims to studying (logos) what is happening (epi) in a population (demos) [13]. Classically, observational studies
are conducted to discover or evaluate relationships between a number of factors and the occurrence of disease or
any other characteristic (e.g. mortality, production level) [5]. However, data from observational studies may also
be used for many more objectives such as the identification of prognostic factors or the evaluation of different
therapies or diagnostic procedures.
The aim of this paper is to illustrate the use of observational studies in veterinary medicine and its different
applications by means of real examples in different animal species. In this, the focus will be on the methodology
rather than on the importance of the specific results. For this purpose parts of the materials and methods and
results of different studies are presented.
2.

ILLUSTRATIONS OF OBSERVATIONAL STUDIES IN VETERINARY MEDICINE

Throughout the text a distinction will be made between the description of the actual study and the results. This
will be written in regular font style. Additional comments on study design and the theory behind the study will be
written in Italic.
2.1. The identification of risk factors
As mentioned before, the identification of factors that are related to the occurrence of disease, generally called
risk factors, is one the most important reasons why observational studies are conducted. The identification of risk
factors will be illustrated by means of three different studies in pigs, cattle and horses. Additionally, a small
excursion will be made to human medicine for the discussion of the Framingham heart study which is the mother
of all observational studies in modern epidemiology.

2.1.1.

The identification of risk factors for antimicrobial resistance in fattening pigs

Recently, a study was conducted aiming to determine risk factors that may influence the occurrence of
antimicrobial resistance in lactose-positive enteric coliforms (LPEC) in Belgian fattening pigs [6]. For this study
fifty fattening pigs were selected at random out of a group of 821 Flemish fattening herds that fulfilled the
inclusion criteria. This procedure was used to ensure that the study population was representative for the
reference population which included all Flemish pig herds with at least 150 sows and 600 fattening pigs
present.
In the study, data on housing, management and antimicrobial drug consumption were collected, as well as faecal
samples at three production stages. All animals were only sampled once. Since selection of pigs/pens did not
depend upon prior information on disease status (high or low resistance level) or presence of risk factors, this
was a cross-sectional study design [5]. Consequentially, the study results also give us an indication of the
disease prevalence in the reference population. Although one generally speaks of the term “disease” and
determining the link between risk factors and disease, this study illustrates that “disease” should be interpreted
in a broad sense and that observational studies also serve for the evaluation of the link between risk factors and
parameters such as antimicrobial resistance or production parameters (e.g growth parameters, milk
production).
Tetracycline-resistant LPEC were found in every herd and the overall degree of tetracycline-resistance was
56.8% (SD 22.4%). The risk factor analysis showed that besides the antimicrobial-drug use, other factors like
pen hygiene is related to the development and maintenance of antimicrobial-resistant bacteria in the
gastrointestinal tracts of pigs. One difficulty encountered in this study was the quantification of the antimicrobial
drug consumption since this can be quantified in a number of different ways [18]. This illustrates that it is
important in observational studies to have good definitions of both the “disease” and the evaluated risk factors.
A second particularity of the study was the observation that good pen hygiene turned out to be a risk factor for
higher levels of antimicrobial resistance. This contra-intuitive result is difficult to explain and merits further
research. However, it may also be a type I error. These are results that turn out to be statistically significant
whereas in reality there is no biological relation. If one uses a 5% significance level as selection criterion for
risk factors, it can be argued on a theoretical basis that for every 20 potential risk factors studied, one (100/20
=5) will turn out to be significant without any biological meaning (type one error). A number of techniques are
described to cope with this problem [8]. Since it is impossible to rule out the possibility of a type I error in any
observational study, relationships found in observational studies are only weak indications of causality [5].
Observational studies are hypothesis generating studies and are not capable to irrefutably prove or disprove a
hypothesis.
2.1.2.

The identification of risk factors for mastitis in recently calved dairy heifers

The aim of this study [2] was to evaluate differences in herd management practices and some animal
characteristics associated with somatic cell counts (SCC), used as a proxy for udder health, from recently calved
Flemish dairy heifers (called SCC in early lactation or SCCel). In addition, the contribution of herd and heifer to
the total variance in the outcome variable was assessed using multilevel, multivariable, linear regression models.
Four-weekly milk recordings were used from herds enrolled in the Flemish Dairy Herd Improvement program.
Heifers which had their first milk recording between 5 and 14 days in milk were selected (n = 1912). Using this
information, herds were than selected if at least data from 10 such heifers were available. This was not a random
selection procedure, resulting in a selection bias towards slightly larger and better yielding dairy herd. This
procedure was, however, indispensable in getting a reliable impression of the udder health of the freshly calved
heifers at the herd level. In total, 234 herds matching this criterion received a written questionnaire that was pretested and fine-tuned on 6 herds not participating in this study. The questionnaire consisted of several questions
concerning general management, milking and dry cow management, and management of the calves and heifers
as applied during the year the milk recordings were collected. In addition, some information at the heifer-level
was available (SCC, milk yield, breed, days in milk, calving season). This study can be considered to be crosssectional in design as both the presence of "disease" and risk factors were measured at the same time.
The geometric mean SCCel per herd from the 159 herds returning the completed questionnaire was calculated
and used as the outcome variable in the first analyses looking for associations with herd level variables captured
through the questionnaire. A response rate of nearly 70% can be considered to be very satisfying. The final
analysis looked for associations between SCCel at the heifer level as the outcome variable and the herd-level
variables selected during the previous analyses. Clustering of heifers within herds was accounted for by fitting
multilevel regression models. Clustering is a phenomenon often encountered in observational studies using
animal data. E.g. piglets can be considered to be clustered in sows (e.g. drinking the same colostrum …),
whereas sows are clustered within farm (e.g. exposed to the same management), and farms could be clustered in
regions (e.g. exposed to the same climate …). Also, weekly measurements of growth hormone concentrations in

dogs, as an example, are correlated or clustered within dogs and this should be taken into account. Ignoring
clustering for continuous outcome variables can result in unbiased estimates of the regression coefficients, but
standard errors and associated P values might be strongly affected. Ignoring clustering for discrete data will, in
addition, lead to biased estimates, especially with limited samples sizes [10].
In higher producing herds and in herds with an average calving age of heifers >27 months, SCCel of
heifers was lower than in less producing herds or in herds with an average calving age ≤27 months. Heifers
raised in herds with a higher bulk milk somatic cell count had higher SCCel. Higher bulk milk SCC, reflecting
the prevalence of subclinical mastitis in the lactating cows, was associated with a higher risk for individual
heifers in a herd to have an elevated SCCel. This indicates that heifers raised in herds with a higher prevalence
of subclinical mastitis run higher risks to calve with IMI or to develop IMI within 1- 2 wks postpartum. On the
other hand, high SCCel of heifers could have increased the bulk milk SCC of the particular herd [3]. This
illustrates the fact that proving causality using observational data is very difficult and one should always be
aware of the risk of reverse causation. In herds where heifers calved on slatted floors, heifers had lower SCCel
compared to herds were heifers calved on not-slatted floors. A significant difference in SCCel was observed
between provinces.
At the heifer level, SCCel decreased with increasing DIM. Heifers calving in April to June on average had
higher SCCel compared to those calving in the other months of the year.
Nearly all the variation of SCCel resided at the heifer level, indicating that preventive measures against udder
health problems in freshening dairy heifers should, in the short term, focus more on factors that vary between
heifers, than on factors that vary between herds. Multilevel modelling takes into account clustering of animals
within an environment and can be used to identify the level where the greatest variation resides, as interventions
at that level would seem to have the greatest chance of success [16,9].
2.1.3.

The identification of risk factors for upward patella fixation in horses

Upward fixation of the patella (UFP) is a well-known condition in the horse and occurs when the patella fails to
disengage from the medial trochlear ridge of the femur at the beginning of limb flexion. Using medical records
of 8,495 orthopaedic patients examined between January 1991 and December 2003 at the veterinary teaching
hospital of the Ghent University, a retrospective study pas performed to evaluate risk factors for UFP [11]. Of
the 8,495 patients, 78 suffered from complete UFP (0.9%). One could call this study design a retrospective casecontrol study since horses with the diseases of interest were compared to horses without the disease of interest
[5]. In many cases veterinary clinics or laboratories have built up huge very interesting datasets over the years
that contain a large amount of valuable information. Often, this information remains unexplored due to lack of
accessibility or epidemiological or statistical skills. Exploring these datasets in an interdisciplinary research
setting is a challenge for epidemiologists.
Results of the study suggested that breed, age and month of admission to the clinic all significantly influenced
the probability for UFP. Thirty three percent of the patients with UFP were presented in November or December,
whereas only 14% of the reference population presented during these months. Obviously, month of admission
itself can impossibly have a biological relevant link to the risk of UFP. Thinking about the pathogenesis of UFP,
it is known that muscular atrophy may cause or contribute to the expression of UFP. As a result UFP is most
frequently manifested when horses are stabled for a longer period. The observed significant relation between
month of admission and occurrence of UFP is probably an indirect indication of the relation between muscular
atrophy and UFP. In this study, we could call month of admission a confounder. This is based on the following
criteria: 1) a significant relation is observed between month of admission and UFP, 2) If one would have had a
better measurement of muscular atrophy, month of admission would most probably not be significant anymore in
a multivariable analysis with both variables included, 3) muscular atrophy is related to month of admission but
it is not totally determined by it (ie it is not an intervening factor) [5]. This observation indicates that in future
studies searching for risk factors for UFP some measurement of muscular atrophy should be included.
2.1.4.

The Framingham heart study

After the Second World War, the United States initiated many large-scale epidemiological studies in human
medicine. The most notable of these is the Framingham heart study, initiated in 1948 to study risk factors for
cardiovascular disease (CVD). At that time, little was known about the general causes of heart disease and
stroke, but the death rates for CVD had been increasing steadily since the beginning of the century and had
become an American epidemic. The objective of the Framingham Heart Study was to identify the common
factors or characteristics that contribute to CVD by following its development over a long period of time in a
large group of participants who had not yet developed overt symptoms of CVD or suffered a heart attack or
stroke. The original study cohort consisted of 5,209 men and women between the ages of 30 and 62 from the
town of Framingham, Massachusetts. They were exposed to extensive physical examinations and lifestyle

interviews were conducted. Since 1948, the subjects have continued to return to the study every two years for a
detailed medical history, physical examination, and laboratory tests. At two times, the study was extended with a
second and third cohort consisting of the original participant's children and their spouses and again their
children. Over the years, careful monitoring of the Framingham Study population has led to the identification of
the major CVD risk factors: high blood pressure, high blood cholesterol, smoking, obesity, diabetes, and
physical inactivity, as well as a great deal of valuable information on the effects of related factors such as blood
triglyceride and HDL cholesterol levels, age, gender, and psychosocial issues. Although the Framingham cohort
population is primarily white, the importance of the major CVD risk factors identified in this group have been
shown in other studies to apply almost universally among racial and ethnic groups, even though the patterns of
distribution may vary from group to group. Since its inception, the study has produced approximately 1,300
scientific articles in leading medical journals. The concept of CVD risk factors has become an integral part of
the modern medical curriculum and has led to the development of effective treatment and preventive strategies in
clinical practice. More information can be found at www.framingham.com.
2.2. The identification of prognostic parameters
Besides searching for risk factors, one often is also interested in identifying prognostic factors. These may give
one an indication of the prognosis of a patient and by consequence; they can serve as a decision support tool in
the choice of the most appropriate therapy. In essence, these prognostic factors are just a specific use of the
general concept of risk factors.
2.2.1.

Ionised calcium levels as prognostic factors for survival in colic horses

The aim of this study was, besides other things, to evaluate whether the plasma levels of ionized Ca2+ in colic
horses could be used as a prognostic factor for survival or the development of ileus during hospitalization. For
this study, data from 144 colic horses that were admitted to the clinic of internal medicine of the faculty of
veterinary medicine (Ghent University) (1.5 year period) were used [4]. In this study it is important to notice that
the selection of the study population (144 colic horses presented in the clinic) was not random from the
reference population (all horses suffering from colic). Therefore the results of this study are not necessarily
representative for the whole population of colic horses. It could be that only the worst colic cases are referred to
the clinic whereas other colic patients are treated in the field or in other clinics. This could have lead to a
selection bias [1].
Multivariable logistic regression analysis indicated that, besides other factors like reflux at time of admission and
signs of endotoxemia the odds for developing ileus during hospitalization was largely influenced by the calcium
levels at time of admission. The odds for developing ileus during hospitalization were 11.9 (1.2-115.9) times
larger for horses with “very low” calcium levels (<1.27 mmol/l) in comparison to normocalcaemic levels (>1.61
mmol/l). The odds for fatal outcome were respectively 9.8 (1.4-68.3) and 8.3 (1.2-56.3) times larger for horses in
the “very low” (<1.27 mmol/l) and “low” (1.28-1.45 mmol/l) calcium levels. Fatal outcome was also influenced
by signs of endotoxemia and Ca2+ administration. This study indicated that Ca2+ levels in colic horses at time of
admission to the clinic, are a good indicator for the prognosis of the outcome of the patient. They can therefore
be used in clinical decision making.
2.3. The evaluation of treatments
If the efficacy of a new treatment needs to be evaluated under field conditions, the most appropriate study design
is a clinical trial. In this type of study the therapy is randomly allocated to a treatment group (new therapy) or
a control group (conventional treatment or no treatment) [15]. In this type of study, one can reasonably be
confident that whenever a statistically significant difference between both groups is observed, this is a result of
the difference in treatment since the randomization procedure makes sure that for all other potentially
influencing factors, both groups are comparable (if sufficiently large groups are used). However, sometimes
performing a clinical trial is for some reason or another (practical, ethical, financial) unfeasible. Therefore, the
evaluation of observational data may be an alternative.
2.3.1.

Evaluation of the chirurgical treatment of tendon lesions in horses

To evaluate different surgical treatments in horses with longitudinal tears in a digital flexor tendon, a
retrospective study of the medical record of 71 horses was performed [20]. These horses were treated between
1999 and 2005 with a follow-up period of at least 6 months. The outcome parameter of interest was whether the
horses were capable of performing at equal or higher level than before the onset of the injury. Note that this
outcome parameter is somewhat vague and therefore may be prone to subjective interpretation especially when

the outcome is measured at different time intervals post operation. This may introduce some recall or
misclassification bias in the dataset [13].
The two chirurgical techniques that were evaluated were whether or not a PAL (palmar annular ligament)
desmotomy was performed and whether the torn tendon tissue in the tear was removed with a motorized synovial
resector (shaver) or a combination of shaver followed by further microdebridement and smoothing of the
remaining smaller tendon fibres using coblation. PAL desmotomy was performed standard from 1999 to 2003.
From 2003 onwards PAL desmotomy was only performed if thickening of the PAL was present. Note that for
both techniques, there is non- randomized allocation of treatments. For the PAL desmotomy, the treatment and
control group were distinct in time. This makes the interpretation of the results additionally difficult.
The results of the logistic regression analysis revealed that PAL desmotomy tended (p = 0.11) to improve the
outcome (PAL desmotomy, return to previous level = 45.2%; no PAL desmotomy, return to previous level =
25.9%) although the relation was not statistically significant. For shaving with coblation in comparison to
shaving without coblation a borderline significant relation was found (p = 0.054) in favour of shaving without
coblation. Both results were in contradiction to what was expected (hoped for) by the surgeons. It has to be
repeated that given the nature of the study, no final conclusions can be made concerning what chirurgical
techniques to be used in future. These results only indicate that a critical review of the used techniques is
necessary and additional research is needed. Due to the limited number of horses included in the dataset, the
power of the study was limited. If the size of the dataset would be increased, e.g. by including data from other
clinics, observed trends could become significant if they are truly linked to the outcome.
2.4. The evaluation of a diagnostic procedure
The characteristics of diagnostic test are often determined in laboratories using different panels of samples
(positive samples, negative samples) [19]. These samples may originate from laboratory experiments, field trial,
descriptive or observational studies. If the test characteristics of a diagnosis based on clinical signs need to be
determined, field data are indispensable. Therefore, the use of field data to determine test characteristics can be
seen as a type of observational study.
2.4.1.

Clinical signs in Poultry for the detection of outbreaks of HPAI

To evaluate which combination of clinical signs induced by highly pathogenic avian influenza (HPAI) virus
infection are the most sensitive and specific indicators to detect HPAI outbreaks, a total of 537 poultry flocks
(240 infected and 297 non-infected) with a clinical suspicion of an infection with HPAI virus were investigated
with respect to the clinical signs observed [12]. Various poultry types were distinguished. In all flocks a
standardized investigation form was completed. Based upon virological tests of organs and blood the true
infection state of the herds was determined.
Especially for epidemic diseases such as HPAI, classical swine fever, food and mouth disease … data gathered
during an epidemic are the only source of information from the field since clinical trials are impossible to
conduct. As a result one is forced to use this observational data for a range of different purposes by lack of a
better alternative.
In infected commercial flocks with egg-producing chickens, the presence of increased mortality, apathy,
coughing, reduction in normal vocalization, or pale eggs appeared to be overall the most sensitive indicators to
detect HPAI outbreaks, matching a sensitivity of 99% and a specificity of 23%. In infected backyard/hobby
flocks, increased mortality or swollen head appeared to be overall the most sensitive indicators of a HPAI
outbreak, matching a sensitivity of 100% with a specificity of 26%. Although these data are highly
representative because of the nature of the data collection, they should be interpreted with care since they are
based on one large epidemic with a H7N7 strain. Other strains or other epidemics may result in different clinical
manifestations of the disease.
2.5. Economic evaluation of interventions
Results of epidemiological studies are often used to advise farmers or veterinarians on management techniques
to reduce the exposure to risk factors. A very frequently raised question in this matter is whether the expected
benefits will out way the costs of the advised changes. In epidemic diseases that result in dramatic losses, the
question of economics often does not has to be raised since the answer is self-evident. However, in the majority
of the diseases whish remain to be controlled, the effects are far more subtle and the question whether the
proposed modifications of various facets of the management are cost efficient is not so easy to answer. The
scientific disciple which is trying to answer this type of questions is called animal health economics [7]. In this
paper only two very brief examples are given to illustrate how observational data can be used to calculate the
costs of disease and intervention measures.

2.5.1.

Mortality in grow-finish pigs

Between January 1996 and January 2000, mortality in grow-finishing pigs was investigated in 14 swine
complexes comprising 1.345.27 pigs [14]. Results of this study were used to calculate the opportunity costs of
mortality. The opportunity cost is defined as the value of a resource if it were used in the best alternative way
[7]. In this specific example, the opportunity cost is calculated as the average value of a slaughter pig minus the
costs for the feed not consumed. The cost of the feed not consumed was calculated as the amount of feed they
would have consumed, based on the standard average daily feed intake curves, times the feed price. Although
this opportunity cost is only a rough parameter and it does not takes into account all economic effects of
mortality, it gives an indication of what the effect is of certain clinical parameter in financial terms.
Opportunity costs due to overall mortality increased from 2.9 US$ per marked pig in 1996 to 5.2US$ in 1999,
with late mortality which was more pronounced during fall months, accounting for about two thirds of these total
costs.
2.5.2.

Estimate economic benefits of treatment of mastitis

A study was conducted to evaluate whether the treatment of subclinical Staphylococcus aureus mastitis during
lactation is cost efficient [17]. In this study, partial budgeting was used to develop a deterministic simulation
model to estimate the net cost or benefit of antibiotic treatment of subclinical S. aureus mastitis during lactation.
Partial budgeting is a simple economic model used to estimate the change that will occur in a farm by
considering only those items of returns and costs that change. Generally it is made up of four sections: 1)
additional returns, 2) reduced costs, 3) returns foregone and 4) extra costs [7].
Direct and indirect effects of treatment were taken into account, including prevention of clinical flare-ups and
contagious transmission. When contagious transmission of S. aureus was likely (reproduction ratio R= 5.3), 3and 8 day treatments resulted in an average net profit of € 95.6 and €142.4, respectively, compared with no
treatment. When the probability of S. aureus transmission was low (R=0.32), the average economic benefit of 3or 8- day treatment was - €21.1 and - €57.7, respectively.
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ABSTRACT
Information with respect to a risk factor for a particular disease can be collected in a number of ways. The risk
factor might be randomly assigned to farms in a randomised study or alternatively, its absence or presence might
have been merely ‘observed’ in an observational study. Although data obtained from these two different types of
studies can be presented – and analysed – in exactly the same way, there is a profound difference between the
information gathered in these two types of trials due to the lack of randomisation in an observational study.
We demonstrate how proper adjustment for all confounders leads to valid statistical inference, whereas in the
presence of hidden confounders sensitivity analysis can be undertaken.
It remains, however, important to acknowledge that only a significant association between the risk factor and the
outcome of interest can be claimed, whereas randomisation of the risk factor is required to demonstrate a causal
relationship.

SAMENVATTING
Informatie over een risicofactor voor een bepaalde ziekte kan op verschillende manieren verzameld worden. De
risicofactor kan ofwel ‘at random’ (op toevallige wijze) aan een bepaald bedrijf worden toegewezen in een
gerandomiseerde studie, ofwel kan de aanwezigheid van de risicofactor op een bedrijf al dan niet vastgesteld
worden in een observationele studie. Ofschoon de gegevens verzameld in deze twee verschillende types van
studies vaak op dezelfde manier worden voorgesteld en geanalyseerd, is er toch een wezenlijk verschil tussen het
soort informatie dat wordt verzameld doordat een observationele studie niet gerandomiseerd is.
We tonen aan hoe een correcte statistische analyse toch kan worden uitgevoerd voor een observationele studie
indien gecorrigeerd wordt voor alle confounders. In het geval er verborgen confounders zijn, kan er een
sensitiviteitsanalyse worden uitgevoerd.
Het blijft evenwel belangrijk om te benadrukken dat men uit een observationele studie enkel kan besluiten dat er
een significante associatie bestaat tussen de risicofactor en de uitkomstvariabele. Enkel een gerandomiseerde
studie kan een causaal verband aantonen.

1. INTRODUCTION
Observational studies are characterised by the lack of randomisation of the factors of interest to the different
experimental units. In practice, however, observational studies are analysed based on the same statistical
techniques as used for randomised studies and reporting is done accordingly.
It will be shown in Section 2 that the randomisation principle was a basic concept in the development of the
foundations of statistical inference. Fisher (1935) demonstrated that it is the only requirement for valid statistical
inference. The question that therefore needs to be addressed is whether valid statistical inference is still feasible
in the absence of randomisation. In Section 3, we demonstrate that valid statistical inference, even based on
randomisation tests, can still be performed, if all the confounders are known and can be adjusted for in the
analysis. In Section 4, we introduce sensitivity analysis to study how much unknown confounding can be present
before it changes the conclusions of the observational study. We finally draw some conlusions in Section 5.
2. RANDOMISATION, THE ONLY REQUIREMENT FOR VALID STATISTICAL INFERENCE
Randomisation is one of the key concepts in experimentation. Fisher (1935) argued that it was the only
requirement for valid statistical inference. He further stated that the inference is only valid for the sample at
hand, and that extrapollation to the whole population is based on the subjective assessment of the investigator.
Based on the randomisation principle, he also developed the Fisher exact test. Throughout this discussion, we
will make use of randomisation tests and use a subset of a Salmonella infection data set in pigs (Nollet et al.,
2004) as an example (see Table 1 and Figure 1).
Table 1. Salmonella infection percentages in pigs of 14 farms. The farm system is either open (Z=0) or closed
(Z=1), and the farms are located in two different regions.
Farm ID
% Infection
Farm system
Region

1
56
0
1

2
63
0
1

3
83
0
2

4
90
0
2

5
93
0
2

6
100
0
2

7
0
1
1

8
0
1
1

9
6
1
1

10
16
1
1

11
26
1
1

12
50
1
2

13
76
1
2

14
93
1
2
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Figure 1. A subset of 14 farms of the Salmonella infection percentages in pigs. The farm system is either open
(Z=0) or closed (Z=1), and the farms are located in two different regions.
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In each of the N=14 farms, 30 pigs were screened in the slaughterhouse for presence of Salmonella in the tonsils.
The farms are split up in open (Z=0, No=6) and closed (Z=1, Nc=8) farm types. We demonstrate the
randomisation test concept by testing whether the farm type influences the percentage of infected pigs in the
farm.

In this section we assume that we randomly drew a sample of 14 farms and randomly assigned the closed farm
system to eight of the farms (the closed farm system will be called treatment in the remainder of the discussion
for convenience). If there is no treatment effect (null hypothesis), then the vector of observations Y is fixed and
does not change, even when the treatment assignment vector Z is changed. Under the null hypothesis, each
permutation of the treatment assignment vector Z is equally likely. The total number of possible permutations is
given by the binomial coefficient

Total number of permutations =

14  14!
  =
= 3003
 8  8!6!

We use as test statistic the difference in means of the open and closed farm types, denoted by D. When testing
the one-sided alternative hypothesis that Samonella infection percentages are higher in the open farm system,
the p-value is given by the percentage of permutations that leads to a larger test statistic. The largest test statistic,
for instance, is obtained when choosing the permutation z that assigns the 6 highest infection percentages to the
open farm system and corresponds to D= 62.04. With the test statistic equal to 47.46, there are in total 25
permutations that lead to a larger absolute difference, and therefore p=25/3003=0.008. The farm type has a
significant effect on the percentage infection.

Most frequently, randomisation tests are based on the ranks instead of the observed values. Ranks correspond to
the sequential numbers of the observations in a sorted list (see Table 1). For instance, 100% infection in farm 6 is
the largest value and therefore has rank 14. In the case of tied observations (the same value), the average of their
sequential numbers, the midrank, is given to each of the tied observations. There are two farms with no infection,
farms 7 and 8, and they correspond to the lowest value observed; they both receive the midrank 1.5.
We use as test statistic the sum of the ranks of the open farm system, denoted by W, which corresponds to the
Wilcoxon rank sum test (Wilcoxon, 1945). With the test statistic equal to 62.5, there are in total 32 permutations
that lead to a larger value for the test statistic, and therefore p=32/3003=0.011. The p-value is slightly higher
compared to the test based on the difference in means.
The only requirement to perform the randomisation test is thus that the risk factor allocation probability is
known.
3. THE RANDOMISATION TEST WITH ADJUSTMENTS FOR ALL CONFOUNDERS
In observational studies, no randomisation of the treatment is done, and we therefore need to address the
question whether statistical inference remains valid. We therefore now assume that the farm system type was not
randomly assigned, but rather just observed. In such cases, there might be factors present in the study that have
an impact on the allocation of the risk factor. For instance, it might be that the percentage of closed farm systems
differs between the two regions; therefore region will have an effect on the risk factor allocation probability.
Such a factor is called a confounder for the particular risk factor under investigation.
Thus, in terms of randomisation tests, confounders are factors that affect the risk factor allocation probability
(Rosenbaum, 2002).
We will consider region to be a confounder and will adjust for it in the analysis. There are two regions each with
7 farms, with respectively m1=5 and m2=3 closed farm systems.
In comparison with randomised trials, the treatment assignment probability is now unknown. Denoting the
treatment assignment probability of farm j in region i by π ij , the probability of a particular risk factor allocation
vector is given by

P(Z = z ) = ∏∏ π ij ij (1 − π ij )
2

7

i =1

j =1

z

1− zij

(1)

However, if we can assume that region is the only confounder, then farms from the same region have the same
risk factor allocation probability π ij = λ c ij = λi , with c ij the confounder information (=region). The

( )

function

λ (c ij ) which relates the confounding information to the risk factor allocation probability is called the

propensity score (Joffe and Rosenbaum, 1999).
Using the fact that the propensity score is constant within a region, we can simplify (1) to

2

P(Z = z ) = ∏ λimi (1 − λi )

7−m j

(2)

i =1

If we consider the risk factor allocation probability conditional on m1=5 and m2=3 closed farm systems in region
1 and 2 respectively, then the set of possible permutations is reduced to

Number of permutations conditional on m1, m2 =

 7  7 
   = 735
 5  3 

However, in this reduced set, each permutations has the same probability, given by (2) with m1 and m2 fixed, and
the probability is thus known within the reduced set and is equal to 1/735.
Therefore, if only this subset of permutations is considered, a randomisation test is still valid. This corresponds
actually to a stratified test. With the test statistic still equal to 47.46, there are in total 4 permutations that lead to
the same or a larger absolute difference, and therefore p=4/735=0.008. If the observations are replaced by their
ranks within each region, then this test corresponds to the stratified Wilcoxon rank sum test, leading to
p=0.0122.
4. SENSITIVITY ANALYSIS FOR HIDDEN CONFOUNDERS
In the previous section, it was assumed that all confounders were known and adjusted for. There might, however,
be unmeasured factors that actually change treatment assignment probabilities, termed hidden confounders. In
such cases, sensitivity analysis can be performed.
Assuming a binary hidden confounder, the effect of the hidden confounder is expressed in terms of the ratio of
odds of assigning the treatment at the two levels of the hidden confounder, denoted by Γ. If the odds ratio takes a
large value before changing the results qualitatively, i.e., changing a significant treatment effect into a nonsignificant one, then the analysis is considered to be robust against the effect of hidden confounders.

Table 2. Sensitivity analysis for the Salmonella infection percentages in pigs of 14 farms. The effect of the odds
ratio of risk factor allocation for a binary hidden confounder on the p-value.
Γ
1.0
1.5
2.0
2.1
2.2
2.5

p-value
0.0118
0.0263
0.0428
0.0462
0.0496
0.0600

For the Salmonella infection example, p-values are given for different values for the odds ratio Γ.
For Γ =2.2, the p-value is just below 0.05. For higher values of Γ, the risk factor does no longer have a
significant effect on the Salmonella infection percentage. If we are ready to believe that there does not exist a
hidden confounder with an odds ratio of risk factor allocation higher than 2.2, then a causal effect of the risk
factor can be claimed.
5. CONCLUSION
Due to the lack of randomisation, there might be factors in an observational study, termed confounders, that
influence the risk factor allocation to the farms. Given that all the confounding information is available and
could be adjusted for in the statistical analysis, a causal relationship between the risk factor and the outcome of
interest could be claimed.
However, we can never be sure about this assumption, as there might always be confounders that the investigator
did not consider. Sensitivity analysis can be performed to evaluate the robustness of the results against hidden
confounders. If the sensitivity analysis shows that a significant result is turned into a non-significant result only
in the presence of a confounder with large influence on the risk factor allocation, there is more evidence for a
causal relationship.
Eventually, however, neither adjustment for confounders nor sensitivity analysis have the same convincing
power for a causal relationship as a randomised study.
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SUMMARY
Disease is caused by multiple interrelated causal factors. Epidemiology is concerned with identifying these
factors and uses them to prevent disease. Ideally, associations between disease and exposures should be assessed
in randomised clinical trials. However, this is not always possible. In these cases, observational studies (e.g.
cross-sectional studies, case-control studies, cohort studies) are the only alternative. In observational studies, the
disease frequency of the exposed is compared with the disease frequency of the non-exposed and expressed as
odds ratios (OR), risk ratios (RR) or incidence rate ratios (IR).
Because measures of association (OR, RR, IR) are frequently biased due to systematic error (ie. selection bias,
information bias and confounding), internal validity may be low and therefore causal inference may not be
proven based on the results of observational studies alone. It is therefore important to thoroughly evaluate every
epidemiological study and to assess the impact of the methodology on the outcome of the study and exposures,
significantly associated with disease, may be evaluated with the criteria of Hill that are widely recognised as a
basis for inferring causality.

SAMENVATTING
Ziekte wordt veroorzaakt door meerdere, aan elkaar gerelateerde, causale factoren. Het doel van de
epidemiologie is om deze factoren te identificeren en deze te gebruiken om ziekte te voorkomen.
Gerandomiseerde veldstudies worden bij voorkeur gebruikt om het oorzakelijk verband tussen risicofactoren en
ziekte aan te tonen. Dit is evenwel niet altijd mogelijk. Observationele studies, bijv. dwarsdoorsnede, gevallencontrole of cohort onderzoek, zijn dan het enigste alternatief. In observationele studies wordt de ziekte
frekwentie van de dieren die blootgesteld zijn aan de risicofactor vergelijken met de ziekte frekwentie van de
dieren die niet blootgesteld zijn aan de risicofactor. Deze verhouding wordt uitgedrukt als odds ratio (OR), risico
ratio (RR) or incidentie rate ratio (IR).
Omdat de schattingen van de maatstaven voor associatie (OR, RR, IR) kunnen afwijken van de werkelijke
waarde in de populatie (bias) als gevolg van systematische fouten door selectie bias, informatie bias en
confounding, kunnen oorzakelijke verbanden nooit bewezen worden met observationele studies alleen. Het is
daarom belangrijk om elke epidemiologische studie grondig te evalueren, om de impact van de verschillende
methodes op de uitkomst van de studie te beoordelen en om significante risicofactoren te toetsen aan de criteria
van Hill om het oorzakelijk verband van een risicofactor in te schatten.

1. INTRODUCTION
Disease prevention methods and control strategies have varied over time and are based on the idea of disease
causation. Nowadays, the concept of multiple interrelated causal factors of disease is “generally” accepted.
Epidemiology is a relative new discipline and is concerned with the identification of exposures that are
associated with health status (productivity and welfare) and uses these exposures to prevent disease and to
minimise the consequences of disease when it occurs.
Outcomes and exposures are part of a complex web of associations. This causal web describes the relationships
between host, organism and environment for a particular disease. The lay-out is based on all available
information that is obtained under field conditions (ie the “real world”) and is updated each time new
information comes available.
Methods to investigate the real world associations of outcomes and exposures are clinical trials and
observational studies. To prove causal associations, a clinical trial is the only method of choice. However, for
several reasons, clinical trials are not appropriate or even not possible to demonstrate these associations. Under
those circumstances we can only rely on observational studies. Cohran (1965) first described “observational
studies” and defined them as an empiric investigation in which:
... the objective is to elucidate cause-and-effect relationships ... [in which] it is not feasible to use controlled
experimentation, in the sense of being able to impose the procedures or treatments whose effects it is desired
to discover, or to assign subjects at random to different procedures.
2. TYPES OF OBSERVATIONAL STUDIES
In epidemiology, observational studies, together with clinical trials, fit into the explanatory or analytic study
types (counterpart: descriptive studies). They may be cross-sectional or longitudinal in nature and can be
prospective or retrospective. Traditionally, (repeated) cross-sectional, case-control and cohort studies are usually
well known but variants, like e.g. case-cohort or case-crossover study designs may have their own unique
advantages for a specific situation.
2.1. Cross-sectional studies
Cross-sectional studies are one of the most frequently chosen study designs. The study is straightforward and
data are available within a short period of time. Therefore, cross-sectional studies are chosen for examining new
diseases. The design describes a random selection of subjects from a population and a simultaneous disease and
exposure status recording for each subject. It is the only study for which prevalence data (disease as well as
exposures) can be calculated and if (simple, stratified, cluster or multistage) random sampling is applied,
inference of disease and exposure frequencies in the target population are possible. An additional advantage is
that more than one outcome can be examined at the time.
2.2. Case-control studies
In contrast with cross-sectional studies, case-control studies are typically applied to rare diseases. Basically, all
or a random sample of the cases (ie diseased animals) in a population are selected in the first place. Secondly, a
group of controls (ie non-diseased animals) is selected. Then, for each selected subject (diseased and nondiseased) the retrospective exposure status of interest are recorded and the frequency of the exposure in the cases
is compared with that in the controls.
The selection of controls is based on matching, ie. the status of one or more potentially confounding factors is
the same for the cases and the corresponding controls. Matching may be done subject by subject (individual
matching) or for groups of subjects (frequency matching). Normally for each case, one (1-1 matching) to 4 or 5
(1-M matching) controls are selected. In case-control studies, matching does not control for confounding. The
main reason why matching is performed, is that it improves the size efficiency and consequently also the cost
efficiency of the study.
2.3. Cohort studies
The selection of “at risk” subjects in cohort studies is usually based on the exposure status of interest (matching
may be used to select unexposed controls). On the other hand, a single cohort that is heterogeneous with respect
to the exposure(s) of interest may also be selected. In the latter case the design is referred to as a single cohort or
longitudinal study. Of course, longitudinal study designs are not preferable when some classes of the exposure(s)
of interest are rare in the population. During the follow-up period that starts once the “at risk” subjects are

identified, new cases are registered and the incidence rates between exposed and non-exposed groups are
compared.
3. MEASURES OF ASSOCIATION
In order to assess the strength of association between exposure and disease, several “relative” measures of
association can be calculated, ie. the risk ratio (relative risk), incidence rate ratio and odds ratio. Not all measures
of association can be calculated for each study design (Figure 1).
Figure 1. Overview of the study designs with their corresponding measures of
association (OR: odds ratio, RR: risk ratio, IR: incidence rate ratio).
Study design

Measure of association

Cross-sectional study

OR, RR*

Case-control stuy

OR

Cohort study

RR, IR (OR)

* In certain situations (e.g. a short period of risk of disease) the prevalence in crosssectional studies may be a valid estimate for the incidence risk (cumulative incidence).
In this cases, RR can be calculated.
The interpretation of the outcome is the same for each parameter. When the outcome = 1 then there is no effect
of the exposure on disease frequency. If the outcome > 1 then the exposure is a risk and exposed animals are
more likely to develop disease. If the outcome < 1 then the exposure is protective and exposed animals are less
likely to become diseased.
3.1. Risk ratio (relative risk)
The RR is a ratio of the incidence risk (cumulative incidence) in the exposed to the incidence risk in the nonexposed. The incidence risk or cumulative incidence is the number of new cases observed during the follow-up
period divided by the number of animals-at-risk at the beginning of the study.
Using the symbols of Figure 2, the RR and its 95% confidence interval (CI) can be calculated as follow:

Figure 2. Two by two table classifying subjects according to expose and disease status.
Exposed

Non-exposed

Diseased

a1

a0

m1

Non-diseased

b1

b0

m0

n1

n0

n

3.2. Odds ratio
The OR is the odds of the outcome among exposed subjects divided by the odds of the outcome among nonexposed subjects. The odds of the outcome is the chance that the outcome does occur divided by the chance that
the outcome does not occur.

From the formula of the 95% CI of the odds ratio it can be derived that the largest value of a1 , a 0 , b1 and b 0
will have the largest impact on the width of the CI. Therefore, it is not necessary to select more than 4 to 5

controls for each case in a 1-M case-control study because it will not improve the efficiency any further.
3.3. Incidence rate ratio
The IR is a ratio of the incidence rate in the exposed group to the incidence rate in the non-exposed group. Using
the symbols of Figure 3, the IR and its 95% confidence interval (CI) can be calculated as follow:

Figure 3. Two by two table classifying the number of cases and the animal-time at risk for the
exposed and non-exposed group.
Exposed

Non-exposed

Number of cases

a1

a0

m1

Animal-time at risk

t1

t0

t

4. MEASURES OF EFFECT
Two parameters that express the effect of an exposure are the exposed attributable fraction ( AFe ) and the
population attributable fraction ( AF p ). Both measures tell how many cases occurred due to the presence of the
exposure; the former in the exposed group, the latter in the whole population.

5. VALIDITY OF INFORMATION FROM OBSERVATIONAL STUDIES
Observational studies aim at estimating the population parameters of interest as accurate and precise as possible.
If one wants to be certain about the true value of these parameters, one has to assess the disease status of each
animal in the population with the gold standard and the exposures of interest without error.
Because it is not always possible to include all animals of a population in an observational study, one has to rely
on a sample of the population to estimate the population parameters. Due to the selection process one is
uncertain about the true population parameter. This uncertainty is described with the CI. Arround the sample
estimate, an interval is calculated in which e.g. with 95% certainty the true population parameter is situated (95%
CI). In other words, the CI is a indication for the precision of the estimate. The smaller the interval, the smaller
the random error and the higher the precision.
Also the gold standard is not readily available for many diseases and the exposure status can not always be
assessed unambiguously. Therefore, parameter estimates can differ from the true value. The difference between
the parameter estimate and the true value in the population is the result of systematic error (apart from random
error). In order to minimise bias due to systematic error, it is important to prepare, conduct and analyse
observational studies very carefully.
5.1. Systematic error and (internal) validity
The difference between the sample estimate and the population parameter as a result of selection bias,
information bias or confounding are grouped as systematic errors. Internal validity and systematic error are each
others opposite. The larger the systematic error, the smaller internal validity is and vice versa. In each
epidemiological investigation one must be aware of the presence of systematic errors. It is therefore important to
thoroughly evaluate every epidemiological study and to assess the influence of the different methods (selection
method, laboratory methods, stastical analyses) on the outcome of the study.
5.1.1. Selection bias
Systematic errors by selection bias are the consequence of the use of select sampling procedures (e.g.
convenience sampling) or of factors that influence the random selection proces. The majority of observational

studies suffer from selection bias as they recrute subjects for convenience. Others try to perform random
selection but non-responders and loss to follow-up may be reasons of systematic error by selection bias.
5.1.2. Information bias
The difference between the sample estimate and the true value of population parameter as a result of information
bias is the consequence of incorrect gathering of exposure information or the incorrect assessment of the health
status once the subjects in the study were selected. Depending on the type of variable one distinguishes
misclassification bias (qualitative or class variables) and measurement error (quantitative or continuous
variables).
5.1.3. Confounding
Confounding is a very important issue in observational studies because it distorts the true exposure-disease
relationship. Before a factor can be classified as a counfounder, three criteria have to be met:
1. it must be a risk factor for the disease
2. it must be associated with the exposure under study
3. it must not be an intermediate step in the causal path between the exposure and the disease.
In contrast with selection and information bias, confounding can be controlled during the data analysis, at least
when information of the confounding variable was recorded.
6. CAUSAL INFERENCE AND OBSERVATIONAL STUDIES
Because observational studies may suffer from multiple systematic errors, it is not appropriate to claim causal
inference. There are however criteria that are widely recognised as a basis for inferring causality. These criteria
were proposed by Hill (1965).
The basic underlying questions are:
1. Is association real or artifactual?
2. Is the association secondary to a “real” cause?
The Bradford Hill criteria are:
1. Strength of association – The stronger the association, ie. the further the measure of association is away
from 1, the more likely it is the exposure of interest is causal.
2. Consistency – Replication of the finding in different observational studies
3. Specificity of the association – The more specific an exposure is for a disease the more likely it is the
exposure is causal.
4. Temporality – The exposure of interest must preceed, in time, the effect.
5. Biological gradient – A dose-response relationship; an increasing frequency of disease with
corresponding changes in exposure.
6. Plausibility – We more readily accept a causal association when this is consistent with our general
knowlegde and believe.
7. Coherence – How well do all the findings fit into a causal web and form a coherent picture.
8. Experimental evidence – Was the exposure-response effect confirmed in clinical trials or laboratory
experiments.
9. Analogy – We more readily accept findings that resemble others we accept.
Except for temporality, no criterion is absolute, since causal associations can be weak, relatively non-specific,
inconsistently observed, and in conflict with prevailing biological understanding. But each criterion that is met
strengthen our belief that an exposure is causal, especially when the experimental criterion is met.

7. CONCLUSION
The seventies were very successful for epidemiology, especially for human epidemiology. Major risk factors
were identified that are nowadays generally accepted as causal (e.g. smoking and lung cancer) and important
publications on causal thinking were published (e.g. Susser, 1973 and 1977; Rothman, 1976). Also in veterinary
epidemiology, large scale studies were initiated in this period and the success of epidemiology in veterinary
medicine resulted in the publication of the first issue of Preventive Veterinary Medicine in 1983.
By the end of the nineties and especially by epidemiologists working with human diseases, there was a lot of
introspective writing with respect to observational studies. It is beyond doubt that clinical trials should be chosen
when causal associations have to be proven. The limitations, pitfalls and potential fallacious interpretations that
may result from observational data are major drawbacks to make causal inferences from findings of
observational studies. One should be aware of these problems and should avoid making causal inferences based
on a single study or even groups of studies without experimental proof. As Greenland said: “There is nothing
sinfull about going out and getting evidence. There is nothing sinfull about seeing if that evidence correlates.
There is nothing sinfull about checking for confounding variables. The sin comes in believing a causal
hypothesis is true because your study came up with a positive result, or believing the opposite because your
study was negative.”
In recent years, sophisticated statistical techniques were developped and used in epidemiology to search for more
subtle links between disease and exposures. These techniques may unveil additional significant associations but
they do not compensate for the limitations in the data, i.e. systematic errors will not be corrected for.
What does it take to make a result from an observational study worth taking seriously? Besides good
methodologies (study design and good quality of data), the criteria of Hill may be used. On top of the list, there
is “strength of association”, “consistency” and “experimental evidence”. A new or biologically implausable and
significantly associated risk factor of which the lower limit of the 95% CI is 3 or more deserves a “yes ... may
be”. The causality of this risk factor may be more convincing if it is found consistently in other studies with
different designs, methodologies, and subject groups. Causality may be convincing enough if one can
demonstrate the association under experimental conditions. That's the common goal for epidemiology and other
sciences. Epidemiologic research can provide hypotheses to be proven under experimental conditions. Results
from laboratory experiments can be used by epidemiologists to confirm the association and to assess the effect of
the exposure in the population.
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ABSTRACT
The aim of the present study was to investigate the accuracy of trans-abdominal ultrasound detection for pregnancy
diagnosis in sows under field conditions. Particular attention was paid to the time when a reliable diagnosis can be
made, and to possible differences between two commonly used types of scanners. In total, 202 sows were tested
daily with scanner A (linear transducer of 5 MHz) and B (sector transducer of 3.5 MHz) from day 16 until 25 after
insemination. Ninety-three percent of the sows were pregnant 36 days after insemination. The first pregnancy could
be detected already 18 days after insemination. The sensitivity, specificity and overall accuracy were higher than
95% from day 24 (scanner A) or day 23 (scanner B) post-insemination onwards. The positive predictive values from
day 19 onwards were consistently higher than 95% with both types of scanners, whereas the negative predictive
values were consistently low for both scanners during the entire period. The sensitivity of testing tended to be
slightly lower in sows with a litter size of less than 10 total born piglets, compared to sows with 10 or more piglets.
In conclusion, pregnancy diagnosis in sows using trans-abdominal ultrasound testing can be assessed reliably under
field conditions from day 23 of gestation onwards. Predictive values of positive test results were high in these herds,
whereas those of negative test results were low. This implies that sows with a negative test result early in pregnancy
should be retested later.
SAMENVATTING
De studie had als doelstelling om de accuraatheid van transabdominale echografie voor het vaststellen van
drachtigheid bij zeugen onder veldsomstandigheden te onderzoeken. Bijzondere aandacht werd hierbij besteed aan
het tijdstip vanaf wanneer een betrouwbare diagnose kan gesteld worden, en aan mogelijke verschillen tussen twee
frequent gebruikte scanners. In totaal werden 202 zeugen onderzocht met scanner A (linaire sonde, 5 MHz) en
scanner B (sectoriële sonde, 3,5 MHz) vanaf dag 16 tot en met dag 25 na inseminatie. Drieënnegentig percent van de
zeugen was drachtig 36 dagen na inseminatie. Drachtigheid kon voor het eerst vastgesteld worden 18 dagen na
inseminatie. De sensitiviteit, specificiteit en totale accuraatheid waren hoger dan 95% vanaf dag 24 (scanner A) of
dag 23 (scanner B) na inseminatie. De positief voorspellende waarden vanaf dag 19 waren steeds hoger dan 95% met
beide types scanners, terwijl de negatief voorspellende waarden steeds laag waren voor beide scanners gedurende de
volledige testperiode. De sensitiviteit van testen was iets lager voor zeugen met minder dan 10 totaal geboren biggen,
in vergelijking met zeugen met 10 of meer biggen. Concluderend kan gesteld worden dat de drachtigheid bij zeugen,
gebruik makende van transabdominale echografie, snel en betrouwbaar kan vastgesteld worden vanaf dag 23 na
inseminatie. De voorspellende waarden van positieve testresultaten zijn hoog, terwijl deze van negatieve
testresultaten laag zijn. Dit betekent dat zeugen die negatief getest worden vroeg in de dracht, opnieuw moeten getest
worden op een later tijdstip.

1. INTRODUCTION
B-mode ultrasound scanning permits to visualize the genital tract of the sows (De Rensis et al. 2000). It is of great
value in evaluating reproductive failure in pig herds because it can be used for the diagnosis of endometritis, cystic
ovaries, total embryonic mortality and abortion (Kauffold et al. 2004). B-mode ultrasound scanning or real-time
ultrasonography can also be used for routinely investigating sows in an early stage of pregnancy (<24 days).
However, large variation exists in literature on the exact stage of pregnancy when an accurate diagnosis can be made
(Martinat-Botté et al. 1988; Castagna et al. 2004; Kauffold et al. 2004). In addition to the sensitivity and specificity
of testing sows at different times post-insemination, it is also important to know the predictive values of test results
obtained in sows from commercial pig herds with good reproductive performance. The aims of the present study
were to investigate the accuracy of trans-abdominal ultrasonography for early pregnancy diagnosis in sows under
practical conditions, and to assess the predictive values of testing at different times post-insemination. Particular
attention was paid to the time when a reliable diagnosis can be made, and to possible differences between two
commonly used types of scanners.

2. MATERIALS AND METHODS
Two pig herds, practising a 3-week batch production system, were included in the study. In both herds, the sows
were individually housed in crates from weaning until the end of gestation, and they were fed (meal) once (Herd A)
or twice (Herd B) a day. Four subsequent groups of approximately 50 sows (35 in herd A; 15 in herd B) were
investigated from October until December 2004. In total, 202 sows were included in the study. The number of sows
permitted with 95% certainty, a power of 80% and a Phi-correlation coefficient of 0.60 between the two scanners, to
find a difference of 4% in accuracy. Two types of portable scanners were used. Scanner A had a linear transducer of
5 MHz (Tringa 50S, Esaote Pie Medical Tringa Linear). This scanner is also frequently used for backfat
measurements in sows. Scanner B had a sector transducer of 3.5 MHz (Ultrascan 45 Ami Aliens Medical Inc.).
Every sow was individually monitored for pregnancy daily during 9 consecutive days, starting 16±2 days after
insemination. The day of first insemination was designated day 0 (D0). All sows were tested by the same person on
the right abdominal wall of the standing sow or gilt. To verify the pregnancy status, all sows were tested with the two
scanners again on D36. During the next parturition, the number of liveborn and stillborn piglets were recorded.
The sensitivity, specificity and overall accuracy of testing were calculated on every day of the study for the two
different types of scanners. The outcome of testing at D36 days post-insemination was used as golden standard for
the pregnancy status. The sensitivity of testing was investigated in relation to the litter size. In addition, predictive
values with 95% confidence intervals for positive (PPV) or negative testing (NPV) were calculated on every day of
the study for the two different types of scanners.

3. RESULTS
From the 202 sows included in the study, 187 (92.6%) were pregnant at D36 post-insemination. None of the pregnant
sows lost their embryos between D25 and D36. Thirteen sows that were pregnant at D36 post-insemination did not
farrow due to the following reasons: abortion (n=5), culled for leg weakness (n=4), dead (n=2) and not being
pregnant but without visible abortion (n=2). Consequently, the farrowing rate was 86.1% (174/202). The average
numbers (SD) of liveborn, stillborn and total born piglets were 11.6 (2.9), 0.7 (1.1) and 12.3 (3.0), respectively.
The sensitivity, specificity, overall accuracy and predictive values of pregnancy diagnosis in the 202 sows from the
two herds and the two scanners are shown in Table 1. The first pregnant sows were detected already at D18 (scanner
A) or D19 after insemination. The sensitivity, specificity and overall accuracy exceeded 95% from D24 (scanner A)
or D23 (canner B) onwards.
To assess the influence of litter size on the sensitivity of testing, four groups of sows were considered: <10 piglets
(min. 4; average 7.7; median 8) (n=31 sows), 10-11 piglets (n=36 sows), 12-13 piglets (n=40 sows) and >13 piglets
(average 15.2; median 15; max. 20) (n=67 sows). The sensitivity of testing was slightly lower in sows with less than
10 piglets, compared to sows with 10 or more piglets. This was particularly the case with scanner B from D22
onwards. With scanner A, the difference was already present from D20 onwards but was less pronounced.

4. CONCLUSIONS
Pregnancy diagnosis in sows using trans-abdominal ultrasound testing can be assessed quickly and reliably by one
person from day 23 of gestation onwards in sows that are housed individually in crates. Only small differences are
found between two portable scanners namely one with a linear transducer of 5 MHz and one with a sector transducer
of 3.5 MHz. Predictive values of positive test results are high, whereas those of negative test results are low. This
implies that sows with a negative test result early in pregnancy should be tested again later. Finally, trans-abdominal
ultrasound pregnancy testing constitutes an important tool for monitoring the reproductive performance and health of
sows, and it can be included easily in pig herd health programmes.
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Table 1.
Sensitivity, specificity, overall accuracy and predictive values (PV) of pregnancy diagnosis in 202 sows from two herds. The sows were
individually monitored daily from day 16 to 25 post-insemination by transabdominal ultrasonography (Scanner A: Tringa, linear probe 5 MHz; Scanner B:
Ultrascan, sector probe 3.5 MHz)
Days post-insemination
Scanner
Number of sows

16

17

18

19

20

21

22

23

24

25

106

196

202

202

202

201

201

200

185

96

Sensitivity (%)

A
B

0.0
0.0

0.0
0.0

1.6
0.0

5.3
2.1

25.7
26.7

62.0
65.8

78.1
84.0

91.4
96.8

95.4
97.1

96.6
98.9

Specificity (%)

A
B

100.0
100.0

100.0
100.0

100.0
100.0

100.0
100.0

93.3
93.3

85.7
71.4

71.4
71.4

92.3
100.0

100.0
100.0

100.0
100.0

Overall
accuracy (%)

A
B

5.7
5.7

7.1
7.1

8.9
7.4

12.4
9.4

30.7
31.7

63.7
66.2

77.6
83.1

91.5
97.0

95.7
97.3

96.9
99.0

PPV (%)

A
B

-

-

100.0
-

100.0
100.0

98.0
98.0

98.3
96.9

97.3
97.5

99.4
100.0

100.0
100.0

100.0
100.0

NPV (%)

A
B

5.7
5.7

7.1
7.1

7.5
7.4

7.8
7.6

9.2
9.3

14.5
13.5

19.6
25.0

42.9
68.4

60.0
70.6

75.0
90.0
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ABSTRACT
A transmission experiment was performed to quantify the effect of vaccination on the transmission of M.
hyopneumoniae in nursery piglets by means of an adjusted reproduction ratio (Rn). Thirty vaccinated and 30 nonvaccinated piglets, free of M. hyopneumoniae, were housed in six separate pens. In each pen, three animals that
were intratracheally inoculated with M. hyopneumoniae, were housed together with seven contact piglets during
the conventional nursery period of 6 weeks. At the end of the study, the infectious status of the animals was
determined based on results of nPCR performed on bronchoalveolar lavage fluid. The Rn-value in the vaccinated
group was 2.38 (1.07 - 7.53) while in the non-vaccinated group, an Rn-value of 3.51 (1.51 - 9.34) was observed,
both not significantly different from each other (P = 0.77). Under the actual experimental conditions,
transmission of M. hyopneumoniae in nursery piglets was only numerically lower in vaccinated groups. In
addition, vaccination with a conventional vaccine could not prevent the establishment of M. hyopneumoniae
organisms in the lung.
SAMENVATTING
Een tranmissie-experiment werd uitgevoerd om het effect van vaccinatie op de spreiding van M. hyopneumoniae
bij batterijbiggen te onderzoeken d.m.v. een aangepaste reproductieratio (Rn). Dertig gevaccineerde en 30 nietgevaccineerde M. hyopneumoniae vrije biggen werden gehuisvest in 6 aparte hokken. In elk hok werden 3
biggen, intratracheaal geïnoculeerd met M. hyopneumoniae, samen gehuisvest met 7 gevoelige biggen gedurende
een batterijperiode van 6 weken. Aan het einde van het experiment werd de infectiestatus van de dieren bepaald
d.m.v. een nPCR test, uitgevoerd op bronchoalveolaire spoelvloeistof. De Rn in de gevaccineerde groep was 2,38
(1,07 - 7,53), terwijl de Rn in de niet gevaccineerde groep 3,51 (1,51 - 9,34) was. Beide waren niet significant
verschillend (P = 0,77). In deze experimentele omstandigheden was de spreiding van M. hyopneumoniae in
gevaccineerde biggen enkel numeriek lager in de gevaccineerde groep. Vaccinatie kon ook het aanslaan van het
organisme ter hoogte van de longen niet verhinderen.
1. INTRODUCTION
Mycoplasma hyopneumoniae (M. hyopneumoniae) is the primary pathogen of enzootic pneumonia. The disease
causes important economic losses to the swine industry due to reduced performance of the pigs and to increased
susceptibility of infected pigs to infections with other organisms [2]. At the present time, control is mostly
accomplished by improvement in management strategies, the use of medication and vaccination. Although
vaccination has been proven to be effective in reducing the clinical symptoms and lung lesions, the influence of
vaccination on the transmission of M. hyopneumoniae has not yet been investigated experimentally.
Modern pig producers are constantly looking to maintain or to achieve an optimal health status of their animals.
In this respect, there is an increasing interest of the pig industry for elimination of pathogens such as M.
hyopneumoniae from infected herds or production systems. Quantitative knowledge on the transmission capacity
of M. hyopneumoniae and the effects of vaccination on this transmission is a prerequisite if eradication of the
pathogen is aimed. Transmission experiments, in which the spread of a pathogen is compared in a standardized
way between vaccinated and non-vaccinated populations, are a very efficient tool to investigate possible
beneficial effects.
To date, transmission experiments for the quantification of the spread of bacterial pathogens in pigs are rare.
Recently, the transmission of a low and a highly virulent isolate of M. hyopneumoniae in non-vaccinated nursery

piglets was evaluated [3]. In the present study, the same experimental model was used to investigate and to
quantify the possible influence of vaccination on the transmission of a highly virulent M. hyopneumoniae isolate
in nursery piglets.
2. MATERIALS AND METHODS
Sixty M. hyopneumoniae and PRRSV-free piglets of 1 week old were randomly allocated into two groups of 30
piglets. One group was vaccinated with an inactivated M. hyopneumoniae vaccine (Stellamune® One, Pfizer,
New York, USA) at 1 week of age. The piglets were weaned at 21 days, and at 26 days of age 9 animals of each
group were inoculated intratracheally with 7ml of an inoculum with 107 CCU/ml of a highly virulent M.
hyopneumoniae isolate. At 28 days of age, the two groups of 30 piglets were divided into 3 replicates of 10
animals, which were placed in 6 separated rooms equipped with absolute filters. Each replicate consisted of 3
infected and 7 non-infected, susceptible piglets.
The animals were observed daily during 6 weeks, namely from 4 until 10 weeks of age. Body condition,
appetite, dyspnea and coughing were evaluated daily by means of a scoring system. Nasal swabs were taken
weekly to detect M. hyopneumoniae by nPCR [4]. At 10 weeks of age (44 DPI), all piglets were euthanized and
pneumonic lesions were quantified using a lung lesion score. Immunofluorescence (IF) of 3 lung lobes was
performed on each lung. Bronchoalveolar lavage fluid (BALF) was tested with nPCR to detect the presence of
M. hyopneumoniae organisms.
Rn-values [3] were used to compare the difference in transmission between the 2 groups. Estimation of the
transmission of M. hyopneumoniae in each group was done using a stochastic infection model. Therefore, we
assumed that the process of transmission of M. hyopneumoniae among the piglets was in accordance with the
Susceptible-Infectious (S-I) model. We assumed that once an animal was infected, it did not recover before the
end of the trial and remained infectious. Given that the population exists of (S,I) animals, after an infection
occurred, it consists of (S-1,I+1) animals. In the model, the number of contact infections, determined by the
number of positive BAL fluids at the end of the trial, was the observed variable (Xi). Xi is also called the ‘final
size’ of the outbreak. Because the final size is a discrete stochastic variable, it can only attain whole numbers,
and each of these has its own probability. Using the algorithm described by de Jong and Kimman [1], we
calculated the probability distribution of the final size for the given parameters and start conditions. This
distribution only depended on the Rn-value, and is defined as the mean number of secondary cases caused by one
typical infectious pig during the nursery period. We used the maximum likelihood estimator to assess the Rnvalues of the vaccinated and non-vaccinated groups.
3. RESULTS
Animals were considered to be infected when nPCR on BALF was positive. All experimentally inoculated
animals were found positive for M. hyopneumoniae at the end of the study period. In the 3 vaccinated groups, 16
of the 21 contact piglets were infected after 6 weeks, while in the 3 non-vaccinated groups, 19 of the 21 contact
piglets became contact infected. The distribution of the infected animals is shown in Table 1. The calculated Rn
(95% CI) was 2.38 (1.07 - 7.53) for the vaccinated piglets and 3.51 (1.51 - 9.34) for the non-vaccinated piglets.
No significant difference was observed between the two groups (P = 0.77).
Table 1: Distribution of contact infected pigs in the different pens measured by nPCR in BAL fluid 44 DPI
# of infected animals / # of susceptible animals
Vaccinated animals
Non-vaccinated animals
Pen 1
Pen 2
Pen 3
Pen 4
Pen 5
Pen 6
6/7
3/7
7/7
7/7
5/7
7/7
For the experimentally inoculated animals, coughing scores and lung lesion scores were significantly higher in
non-vaccinated animals. Results of IF show no significant difference between vaccinated and non-vaccinated
groups, but for the samples of the cranial lobe, there was a trend for a more intense IF in non-vaccinated animals
(P = 0.058). On average, 2.44 of the 9 investigated nasal swabs were positive in the vaccinated animals, while in
the non-vaccinated animals, 3 of the 9 swabs were positive.
Results of coughing score, macroscopic lung lesion scores, IF scores and number of positive nasal swabs in
contact animals are summarized in Table 2.
4. DISCUSSION
The transmission ratios obtained in the present study, namely 2.38 and 3.51 in vaccinated and non-vaccinated
nursery pig populations, respectively, imply that a vaccinated piglet infects on average 2.38 penmates during the
nursery phase, while a non-vaccinated piglet will infect on average 3.51 penmates. A comparable but slightly
lower Rn-value (1.47 (0.68-5.38)) was obtained with the same highly virulent isolate in a previous transmission

experiment in non-vaccinated piglets [3]. The difference between both experiments may be due to a faster onset
of infection. These results once again confirm that, due to biological variation, subsequent transmission
experiments performed under highly comparable conditions seldom provide exactly the same point-estimates of
Rn-values. Therefore, interpretation of the confidence intervals is more informative.
When comparing the Rn in the unvaccinated (3.51) and vaccinated groups (2.38), a numerical but non significant
reduction in transmission is observed. Transmission does not only depend on the infectivity of infectious
animals, but also on the susceptibility of not yet infected animals [1]. These kinds of experiments, where both
the seeder and contact animals were vaccinated, are the most appropriate to measure the full effect of vaccination
on the transmission. As a result it is difficult to determine whether the slightly lower Rn-values in the vaccinated
group results from a reduced shedding of the seeder pigs or an increased resistance against colonization in the
contact pigs. Most likely it is a combination of both.
It has been shown that M. hyopneumoniae vaccination significantly improves the performance of grow-finishing
pigs and reduces the clinical symptoms and lung lesions. In several field studies, however, the number of
vaccinated seropositive pigs gradually increased towards the end of the finishing period, indicating indirectly
that M. hyopneumoniae can still circulate in vaccinated pigs. The results of the present study confirm all these
field observations since it was observed in the vaccinated population that both the efficacy parameters were
clearly improved and that simultaneously Rn was significantly larger then 1. The later finding indicates that
vaccination of pigs with the current vaccines will not lead to the eradication of the infection on a herd. Therefore,
if eradication is attempted, vaccination will be a tool but additional control measures will be necessary.
Table 2:

Summary of diagnostic results in vaccinated and non-vaccinated contact piglets of a M.
hyopneumoniae transmission study
Vaccinated
animals
(n=21)
12

Non-vaccinated
animals
(n=21)
17

Average number of pos. days

2.24

4.86

Mean score

0.22

0.52

5

15

0.18*

1.95*

11

15

Animals with at least one pos. observation
Coughing

Macroscopic
lung lesions
IF score
Nasal swabs
*

Number of pos. animals
Mean score
Number of pos. animals
Mean score

0.20

*

0.58*

Mean number of pos. swabs

0.62

1.29

Results are significantly different (p < 0.05)
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ABSTRACT
The estimation of milk production of lactating sows is important to recognise the low producing sows. The
present study investigated the existence of possible relationships between selected parameters in urine and milk
production in lactating sows, using linear regression analysis. Milk production of 18 multiparous sows was
determined during early and mid lactation, and on the same dates the concentrations of minerals (K, Na, Ca) in
urine during the morning (am) and the afternoon (pm) were analysed. The pm:am ratios (KR, NaR, CaR) of
minerals concentrations can be used as indicators of milk production, but only during mid lactation. The extent
to which total variation of milk production (R²) was explained by the use of KR, NaR, CaR ratios was 72%, 55%,
42%, respectively. In conclusion, a double urine collection during mid lactation and calculation of the ratio of
mineral concentrations, can provide a reliable indication of milk production.

1. INTRODUCTION
Milk production in lactating sows is usually determined by the use of indirect methods, because total milk
collection is not possible in lactating sows. The two most commonly used methods are the weigh-suckle-weigh
(WSW) method (Speer and Cox., 1984, Theil et. al., 2002) and the isotope dilution method. (Theil et. al., 2002).
Despite the fact that these methods have been validated and are accurate, they can not be followed at herd level
and must be performed under strict experimental conditions.
Minerals (K, Na) through their role in maintaining osmolality in body fluids, have been used as predictors to
calculate urine production in lactating cows (Bannink et. al., 1999, Nennich et. al., 2006). Almost all apparently
absorbed K and Na that was not excreted in milk appeared to have been excreted in urine (Bannink et. al., 1999).
In lactating women, the concentration of lactose and the lactose: creatinine ratio in urine have been identified as
estimators of lactation performance (Strand and Johnston,1992).
The aim of the present study was to investigate the existence of a relationship between selected parameters in
urine (minerals, lactose) and milk production in lactating sows, by using linear regression analysis.
2. MATERIALS AND METHODS
In total, 18 multiparous modern hybrid sows were included, with a parity range 2 to 8. Sows were fed twice daily
during lactation, once in the morning and once in the evening. All sows received the same standard lactation diet.
Sows received 2.2kg of the lactation feed plus 0.5kg per piglet. Feed allowance was gradually increased from 1st
day of lactation and the maximum was reached by the 6th day of lactation. Access to water was ad libitum. All
sows were sampled twice during the lactation period. During the morning of each sampling day a blood, milk
and urine sample were collected. During the afternoon, a second urine sample was collected. The first sampling
day was during the 1st week of lactation (3rd or 4th day of lactation) (early lactation). The second sampling day
was at the end of the 2nd week of lactation or at the beginning of the third week (14th or 15th day of lactation)
(mid lactation). During the sampling days, milk production was determined by the WSW method as described by
Theil et. al.(2002).

Linear regression analysis was used to investigate whether urine parameters (independent variables) could be
used to predict the milk production, as assessed by the weigh-suckle-weigh method (dependent variable). The
tested urine parameters included the concentration of the minerals as well as the ratios of mineral concentration
in the afternoon to the mineral concentration in the morning, in both set of measurement days. The fit of the
regression analysis models was assessed by R² values. Associations and significant correlations between
parameters in urine, plasma or in milk were investigated using bivariate Spearman rank correlations.
Significance level was set at P<0.05. Statistical analyses were performed using the SPSS version 14.00.
3. RESULTS
Average milk production was 3.44 kg/day (SD: 1.18 kg) and 5.56 kg/day (SD 2.20 kg) during early and mid
lactation, respectively (P<0.01). No significant correlation was found between lactose concentration in urine and/
or lactose: creatinine ratio with milk production in both stages of lactation. Furthermore, the absolute
concentrations of minerals in urine and/ or the ratio of minerals’ concentration to creatinine in urine were not
significantly related to milk production. A difference was observed between the morning and afternoon average
concentrations of minerals in urine, in both stages of lactation. The average values of minerals and creatinine in
the afternoon sample were higher than those in the morning sample during early lactation, whereas the opposite
was true during mid lactation. The ratios of mineral concentrations in the afternoon to the mineral concentration
in the morning (KR, CaR, NaR), were not significantly associated with milk production during early lactation,
while significant associations (P<0.001) were found during the second sampling day. The R² values of the linear
regression analysis amounted to 72%, 55% and 42% for KR, NaR, CaR respectively. Inclusion of more than one
ratio of mineral concentration in urine in the linear regression analysis models, did not improve the R² values.
Therefore, milk production (MP) could best be predicted by the ratio of urine K levels (KR) during mid lactation
using the formula (figure1): MP=2.02(±0.75) + 3.58(±0.65) KR (R²=0.716, P<0.001).
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Figure 1. Relationship between milk production and the ratio of urine K levels (KR) during the mid lactation. The
95% confidence interval is indicated.
4. DISCUSSION
From all the elements that were investigated, the levels of K in the urine, and more specifically the ratio of K
levels in the afternoon sample to those in morning sample (KR), were best suited to predict and/or indicate the
milk production of the sow. This was only the case during the mid lactation, namely at 14-15 day of lactation.
The reason for this finding is not clear, but it may be attributed to the significant higher milk production during
mid lactation and/or to the existence of the paracellular pathway in the mammary glands during early lactation.
A 28% of the variation in milk production could not be explained by the variation in the KR , which means that
other factors are also important for determining milk production. The high standard deviation of KR in the final
model further implies that the KR levels can be used to provide an acceptable estimation of milk production of a
group of sows, but they are less suitable to predict the milk production of an individual sow. Suboptimal
production levels or animal health problems in modern pig herd are mostly affecting groups of animals and not

the individual animal, urine sampling and assessing the ratio of K concentration in the afternoon and morning
may provide an additional useful tool to estimate the degree of hypogalactia (low milk production) problems in
sows during mid lactation. Urine sampling is an objective, non-invasive technique that causes minimal stress to
the sow and the litter.
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SUMMARY

In the present study, the prevalence and distribution of mastitis pathogens in quarter milk samples of Belgian
dairy herds objected to a mandatory annual screening of all lactating cows is described. Overall, intramammary
infections (IMI) were identified in 41.1% of the cows, and 17.1% of the quarters. More than half of all IMI were
caused by non-aureus staphylococci. Staphylococcus aureus was the most commonly isolated major pathogen
(18.4% of the culture-positive samples), followed by esculin-positive cocci (EPC) (15.9%), Additionally, the
distribution of mastitis pathogens in quarter milk samples from dairy cows with an elevated somatic cell count
(SCC) is presented. Nearly 65% of all sampled cows had at least one infected quarter. The majority of the IMI
were caused by non-aureus staphylococci (41.1%) as well, whereas Staph. aureus and EPC were found in 25.0%
and 18.1% of the culture-positive milk samples, respectively.
SAMENVATTING
In dit artikel wordt de prevalentie en spreiding van mastitis veroorzakende bacteriën geïsoleerd uit
kwartiermelkstalen van Belgische melkveebedrijven die aan een jaarlijkse bacteriologische screening van alle
lacterende koeien werden onderworpen beschreven. In totaal werd in 41.1% van de koeien en 17.1% van de
kwartieren een intramammaire infectie geïdentificeerd. Meer dan de helft van alle infecties werden veroorzaakt
door niet-aureus staphylococci. Staphylococcus aureus was de meest geïsoleerde major pathogeen (18.4% van de
bacteriologisch positive stalen), gevolgd door esculine-positieve cocci (EPC) (15.9%). Bijkomend wordt de
spreiding van de mastitis pathogenen geïsoleerd uit kwartier melkstalen van koeien met een verhoogd celgetal in
kaart gebracht. Ongeveer 65% van alle bemonsterde koeien had minstens één geïnfecteerd kwartier. De
meerderheid van de IMI werden ook veroorzaakt door niet-aureus staphylococci (41.1%), terwijl Staph. aureus
en EPC werden teruggevonden in 25.0% en 18.1% van de bacteriologisch positieve melkstalen, respectivelijk.
1. INTRODUCTION
The development and widespread acceptance of mastitis prevention and national dairy herd control programs,
coupled with the introduction of penalty limits for the bulk milk SCC (BMSCC) has led to a substantial progress
in controlling subclinical mastitis world-wide. In Flanders (Belgium), the BMSCC decreased from above
300,000 cells/mL in 1991 towards 212,000 cells/mL in 2005. Nevertheless, the average BMSCC in Belgium, as
well as in the Netherlands and other countries, tends to increase again slightly since 1998. Regular monitoring of
the prevalence and the distribution of mastitis causing pathogens is necessary to evaluate the effectiveness of
proposed control strategies and to prioritize specific mastitis control efforts (5). Still, the results of large-scale
surveys on the prevalence of IMI, and the distribution of the involved bacteria have never been reported in
Flanders (Belgium). However, farmers producing AA-milk, known as milk of high quality, were objected to an
obligatory, annual bacteriological screening of all lactating cows until 2003. These data provided a wealth of
information as they presented accurate prevalence data on subclinical mastitis on a large number of herds.
Additionally, bacteriological monitoring on a dairy herd, and encouragement to perform it, improves the udder
health on a herd substantially (4). To encourage farmers to sample their cows for bacteriological analysis, the
probability of isolating a mastitis pathogen from cows selected for culturing should be maximised. World-wide,
the milk SCC is still the most suitable parameter to detect subclinical infected cows or quarters. An unpublished
study performed in Flanders specified that the positive predictive value (PPV) of the SCC peaked at 60% when
only cows with a geometric mean composite SCC ≥250,000 cells/mL during the last three monthly test-days
were sampled. Although the selected threshold had been proposed and used since for the detection of
subclinically infected cows in Flanders, it has never been evaluated to what extent these preliminary study results
can be extrapolated to the field.

The aims of this study are two-fold. The first aim is to present the prevalence and distribution of mastitis
pathogens in quarter milk samples obtained from AA-qualified dairy herds in Flanders. The second aim is to
present mastitis pathogens cultured from 25,560 cows with a geometric mean composite SCC ≥250,000 cells/mL
during the last three monthly test-days, and to evaluate the value of the latter threshold in the detection of
subclinical mastitis.
2. MATERIALS AND METHODS
A total of 178,668 milk samples collected during cross-sectional herd screenings performed on 1087 AAqualified dairy herds in three consecutive years in Flanders (Belgium) were submitted to the laboratory of the
Animal Health Service Flanders (Drongen). These data were combined into dataset “AA-milk”. Additionally,
25,560 quarter milk samples were obtained from 6390 cows of which the geometric mean composite SCC in the
last 3 months was ≥250,000 cells/mL (referred to as an elevated SCC or eSCC). These samples were combined
into dataset “eSCC”. Bacteriological culturing and isolate identification was based on the National Mastitis
Council (1999) standards in the Animal Health Service Flanders (Drongen, Belgium). To indicate the impact of
specified mastitis pathogens on the composite milk SCC in relation to their prevalence, the ratio of IMI caused
by the individual mastitis pathogens in the AA-milk dataset to the eSCC-dataset was calculated.
3. RESULTS AND DISCUSSION
Overall, 41.1% of the cows had at least one infected quarter, indicating that more efforts are needed to improve
the udder health on the Flemish dairy herds. In addition, a slight increase in the proportion of bacteriologically
positive quarters between 2000 and 2002 was noticed (Table 1), corresponding well to the positive trend of the
average BMSCC of over the last few years in Flanders (Figure 1). Similar to other studies (5), non-aureus
staphylococci (NAS) were the most commonly cultured bacterial pathogens (57.4% of the culture-positive
samples), followed by Staphylococcus aureus and esculin-positive cocci (EPC) (15.9%). Although NAS are
generally considered to be minor pathogenic skin flora opportunists (2), the majority of IMI found in quarters
from cows with an eSCC were caused by those species as well (Figure 2). Still, the ratio of IMI caused by NAS,
Staph. aureus, and EPC in the AA-milk dataset compared with the eSCC-dataset was 5.5, 2.9, and 3.4 to 1,
respectively, indicating that NAS have a lower impact on the composite milk SCC compared to Staph. aureus
and EPC, notwithstanding their high prevalence (Figure 3).
Table 1: Prevalence of intramammary infections, and
distribution of the involved bacteria in Flanders.
2001

2002

Overall

16,270

11,965

44,667

43.0

41.1

39.0

41.7

Number of quarters sampled

65,728

65,080

No. of culture-positive samples

10,602

11,236

8637

30,475

Staphylococcus aureus

19.1

19.1

16.6

18.4

Esculine-positive cocci

47,860 178,668

% quarters culture-positive for:
15.5

14.8

18.0

16.0

Streptococcus dysgalactiae

2.8

2.4

1.8

2.4

Streptococcus agalactiae

0.3

0.3

0.3

0.3

non-aureus staphylococci

56.6

57.5

57.4

57.2

Corynebacterium bovis

0.9

1.0

0.6

0.8

Coliforms

1.0

0.6

0.9

0.8

Contaminated samples

2.9

3.4

4.0

3.4

Other

1.0

1.0

0.3

0.8
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Figure 1: Evolution of the average bulk milk SCC
in Belgium between 1991 and 2005 (MCC, Lier,
Belgium).

At the herd-level, a mastitis pathogen was isolated from at least 5.3% of the cows and 1.3% of the quarters with
an average of 41.4% and 17.2%, respectively. On two herds, all cows (13 and 41, respectively) had at least one
culture positive quarter. For NAS, Staph. aureus, and EPC, the mean within-herd prevalence was 9.9%, 3.2%
and 2.6%, respectively, with a range from 0% to 76.5%, 42.8% and 25.0%, respectively (Figure 3). The large
variation of the within-herd prevalence of NAS may be explained by differences between herds concerning
implementation of post-milking teat disinfections and dry cow treatment which seem to be relatively effective in
their control (3). The prevalence of Staph. aureus and EPC was limited to less than 5% on the majority of the
AA-qualified diary herds (Figure 3). Implementation of a standard mastitis prevention program to reduce the
spread of contagious mastitis pathogens led to a sharp decline of Staph. aureus IMI in many countries, including
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Figure 3: Within-herd prevalence of non-aureus
staphylococci (░), Staphylococcus aureus (■), and
esculine-positive cocci (□).

At this moment, monitoring of the composite SCC from individual cows and from bulk tank samples is worldwide still the most accepted tool to detect subclinically infected cows. In the present study, nearly 65% of the
cows with an eSCC had at least one infected quarter, indicating an acceptable PPV of the selected SCC-threshold
in Flanders. Similar to the AA-milk dataset, the majority of those IMI were caused by NAS (41.1% of the
culture-positive samples) as well, whereas Staph. aureus and EPC were found in 25.0% and 18.2%, respectively.
In conclusion, more efforts are needed to improve the udder health on Flemish dairy herds. Approximately 40%
of the cows on dairy herds in Flanders had at least one infected quarter. Remarkably, more than 50% of the IMI
were caused by NAS, highlighting the importance of these pathogens as cause of subclinical mastitis and
emphasizing the need for more research concerning the epidemiology and pathogenicity of these species. Also,
the acceptable PPV of the selected SCC-threshold in Flanders, and the parallel distribution of mastitis pathogens
in the AA-milk and eSCC-dataset provides evidence that bacteriological analysis of cows with an elevated SCC
is an excellent way to monitor the udder health status of dairy cattle on Flemish dairy farms, and to represent the
distribution of mastitis pathogens in a herd.
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SUMMARY
Knowledge of the type and frequency of different contacts between pig herds is a minimum requirement for
understanding the potential of between-herd transmission of pathogens. In this paper, different types of contact
are described and discussed. Data were collected by means of a written questionnaire and analysis of
identification and registration (I&R) data. Different types of contacts described are: (a) animal movements, (b)
movement of livestock and other trucks, (c) entering of professional and non-professional visitors in the barns of
a farm and (d) ‘neighbourhood contacts’. Gathered information will be used to develop a specific simulation
model for the spread of epidemic pig disease.
SAMENVATTING
Kennis van het type en de frequentie van contacten tussen verschillende varkensbedrijven is een
minimumvereiste om het risico op verspreiding van ziektekiemen tussen verschillende bedrijven in te schatten.
In dit artikel wordt het voorkomen en de frequentie van de verschillende vormen van contacten beschreven en
bediscussieerd. Gegevens werden verzameld aan de hand van een schriftelijke vragenlijst en analyse van
identificatie en registratie (I&R) gegevens. Mogelijke contacten zijn: (a) varkenstransporten, (b) andere
transporten, (c) professionele en niet professionele bezoekers die de stallen van het bedrijf betreden en (d)
‘buurtcontacten’. De verzamelde gegevens zullen gebruikt worden om een specifiek ziektesimulatiemodel te
ontwikkelen.
1. INTRODUCTION
In Belgium, pig production is mainly concentrated in the northern part of the country. This area is characterised
by several densely populated livestock areas (DPLAs) where intensive contacts between different herds can be
anticipated. These contacts entail different possible routes for introduction of pathogens or between-farm
pathogen transmission. Disease transmission may be the result of direct contact (i.e. animal movements) or
indirect contact (i.e. movement of livestock and other trucks, entering of professional and non-professional
visitors on a farm and ‘neighbourhood contacts’). Each type of contact has a certain risk for transmission of
infectious agents/pathogens which varies for different diseases. Undoubtedly, the highest risk is through direct
animal contact. In daily management, this can occur through purchase of animals, animal movements and
(rarely) through exhibitions or meetings. Other types of contact with less obvious, although not negligible risks
include: empty livestock trucks or other trucks and persons entering the premise. In DPLAs so called
‘neighbourhood infections’ have been shown to be of major importance. Transmission is assigned to this route
when spread of infection occurs in herds in close vicinity without obvious other infection routes.
The possibility of pathogen movement between farms depends on two main factors: (1) the intensity of the
contacts determining the risk of a certain transmission route and (2) the frequency of a certain contact.
Theoretically, the risk of transferring pathogens from one farm to another is determined by the product of these
two: when low risk contacts occur frequently, the chance of transmission becomes real. According to the
frequency and intensity of the contacts of a herd, adapted biosecurity measures should be implemented to
prevent introduction and spreading of infection.
Today, little is known about the frequency of contacts between different pig herds in Belgium. This ‘network’ of
different contacts is called the ‘contact structure’. Characterisation of the contact structure allows a description
of the potential for animal disease transmission between different farms. It has clearly been shown that when the

contact structure is not known, disease models may have difficulties in predicting the potential of a disease
outbreak. In this paper, descriptive results regarding the contact structure of Belgian pig herds are presented. The
results are obtained by means of a postal survey and analysis of available identification and registration (I&R)
data on livestock movements. Results will be used to refine a simulation model of epidemic pig disease.
2. MATERIALS AND METHODS
Information for this purpose was collected using (1) a written questionnaire and (2) I&R data. The questionnaire
was distributed to 609 pig herds in 2005 (random stratified sample) and covered several aspects regarding the
degree of biosecurity and different types of contacts between farms. The response rate for the questionnaire was
71.6% with 421 respondents suitable for analysis. The I&R data were available for all Belgian pig herds during a
10 month period in 2004-2005 (on -and off movements for each location, including the number of animals
transported). These data were linked with the questionnaire data.
3. RESULTS & DISCUSSION
A. Animal movements (Questionnaire data and I&R data)
In general we can distinct 2 types of transports: 1) transport of weaner pigs and 2) transport of breeding stock.
Thirty seven percent of the responding farmers (n=156) purchase piglets. On these farms, on average 1667 (min:
1; max: 15000) piglets are introduced each year (average frequency/year: 8.5). Of these farms 13.5% (n=21)
sometimes or often purchase piglets from neighbouring countries. This obviously increases the risk of
introduction of foreign diseases. Knowledge of the sanitary status of the origin farm is crucial for disease
prevention. Nevertheless, 10.9% (n=17) claim they do not have prior knowledge concerning the health status of
the origin herd. Almost half (49.4%) of the farmers that are buying piglets have more then 1 supplier farm, with
on average 8.9 different supplier farms. Mixing of animals is a clear risk for disease dissemination. Disinfection
of the loading bay is practised on 60.7% of herds with finishers. Forty four percent buys replacement breeding
stock (n=185). On average, 44 replacement animals are bought each year per farm. Of these, 41.1% (n=76)
purchase their replacement breeding stock from a herd with a higher health status. This illustrates that higher
health standards are used in comparison with the purchase of weaners. In general, replacement breeding stock
originates from a lower number of origin farms (only 17.8% have different suppliers). A considerable proportion
of farms imports from abroad (15.7%). A quarantine period for this replacement stock is relatively well applied
(71.4%). On average, this quarantine period lasts 29.5 days. Responding farmers estimated that on average 3.0
livestock trucks were entering their herd per month (max: 31 movements/ month). This is a small
underestimation of the number of on- and off movements calculated on the bases of the I& R data (3.5/month).
The average number of on-farm livestock movements per month in Belgium is presented in figure 1 and table 1.
This distribution is highly skewed, with the majority (62.6%) of farms having less then 0.3 onmovements/month. As can be seen on figure 1, 2846 (31%) of the herds made no on-movements during the
study period. Either these herds are closed herds or they became inactive during the study period. In the I&R
data, 1655 herds are registered as closed (farrow-to-finish) herds. Nevertheless, 1.8% of farms with onmovements reported at least 3 or more on-farm movement events (see plot: grey: all herds with on-farm
movements; red: herds with>=3 movements/month). Pig herds with a high number of these movements may
function as distributors and/or recipients of infectious disease with possible serious consequences in DPLAs.
Figure 1 & table 1: On-farm movements in Belgium pig herds.
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B. Movement of livestock and other trucks entering the premise (Questionnaire data)
Trucks that are entering the herd the most frequently are the trucks from the feeding company (average/month:
3.9; max: 100) and trucks from the rendering plant (average/month: 2.9; max: 25). Slurry trucks are estimated
entering the pig herd on average 11.1 times a year (max: 200). As these trucks visit several herds on the same
day, it is crucial they do not come into direct contact with the livestock present.
C. Professional and non-professional visitors entering the animal facilities (Questionnaire data)
The veterinarian is the external person entering the animal compartments the most frequently (1.4 visits/month).
Other visitors are: animal transporters (0.5), pig traders (0.4), feed deliverers (0.6), advisors (0.4), other swine
farmers (0.2) and climatologists (0.1). Non-professionals also enter: family, friends and neighbours: 1.0, 0.2 and
0.1 visits/month. It is clear that every person contact inherently involves some risk, especially if it is a person
who also comes into contact with other pig herds. Therefore the persons entering the animal facilities should be
limited as much as possible and strict preventive hygiene measures should be adopted. On the majority of
responding farms, wearing of herd clothing for visitors is compulsory (86.2%); other hygienic measures for
persons entering are more rare: disinfection baths at entry (33%), quarantine before entering (7.1%), showering
before entering (2.2%) (Ribbens et al., 2006).
D. Potential for ‘neighbourhood infections’ or local spread (Questionnaire data and I&R data)
Due to the intensive pig production in certain areas in Flanders, the risk of neighbourhood infections is real. This
has numerously been illustrated in previous epidemic outbreaks. In certain municipalities in Flanders, the
number of pigs per square kilometre exceeds 3000 (with over 3.7 herds per square kilometre). The majority of
responding farmers (59.6%) reports to have other pig herds within a 500 metre radius; another 27.6% reports
other pig herds within the 1 kilometre radius. As an illustration of the several DPLAs in Northern Belgium, a
density plot of pig herds is given in figure 2.
Figure 2: Left: Active pig herds in Belgium; Right: Density plot of active pig herds in Belgium (sm-package R
2.2.1).

.
4. CONCLUSIONS & REMARKS
The combination of the questionnaire and I&R data gives a good idea of the type and frequency of contacts
between pig herds. The gathered data enables us to rank herds for potential disease outbreak according to their
number of contacts. Pig herds with intense contacts are at high risk for disease transmission. These herds may
function as distributors and/or recipients of infectious disease with possible serious consequences in DPLAs. The
frequency of contacts clearly differs between different type of herds, professional or non-professional herds and
different regions. In further research, these differences will be described in detail. Data on the different forms of
contact will be used to adapt a simulation model of epidemic pig disease.
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ABSTRACT
This paper measures the economic and environmental effect of applying a technology of strategic deworming
with flubendazole on pig producing farms. Calculations are based on field experiment results that are combined
with official accountancy data. The economic effect is assessed with the partial budgeting technique, while the
environmental effect, which is nutrient pollution, is calculated by using the materials balance condition. Results
indicate a possible economic-environmental win-win through the application of strategic deworming. Effects on
technical parameters (e.g. average daily weight gain, feed conversion rate…) are mostly not spectacular but act
as leverage on the aggregate economic effect, which shows an increase of labour income with 15-30%. It is
shown that the limitations of the partial budgeting technique can be dealt with by using a continuous production
function.
1. INTRODUCTION
Technological change in pig production may have dispersed effects on different parameters (growth rate, feed
conversion, mortality, quality…) that influence the final economic and environmental performance of pig
producing farms. Separate effects may appear hardly observable but nevertheless have a pronounced aggregate
impact that is not always straightforward to assess.
The objective of this paper is to analyse the trade-off between economic and environmental effects of applying a
technology of strategic deworming with flubendazole. Field experiment results of strategic deworming are
combined with day-to-day practical performance measures, as observed in official accountancy data networks
(such as the EU Farm Accountancy Data Network). The aggregate economic effect of strategic deworming is
calculated with conventional budgeting techniques. The environmental effect that is focussed on is nutrient
pollution, which is calculated by using the materials balance condition.
2. MATERIAL AND METHODS
Strategic deworming with flubendazole is based on the pre-patent period of the pig parasite. It aims at preventing
the parasite from reaching its sexually mature stage during which millions of eggs are shed daily into the
environment. As eggs are highly resistant and may survive in the environment for years, repeated deworming is
necessary to prevent recently ingested nematodes from reproducing. In this manner, no new infective material
will enter the environment and if maintained properly, the farm will reach a worm-poor status. For the most
important pig parasite Ascaris suum, this means that deworming should be carried out with intervals of five
weeks.
The application of strategic deworming with flubendazole has effects on various performance parameters. Less
ingested feed is absorbed by the larvae, causing feed conversion rate and average daily weight gain to improve.
Also, mortality decreases and pigs are less susceptible to respiratory diseases (leading to an increased medication
cost). Finally, more carcasses are selected under the optimum quality classes.
The changed average daily weight gain, feed conversion rate and mortality rate are used as points of departure
for the calculation of the aggregate economic and environmental effect of strategic deworming. In combination
with day-to-day practical performance measures, as observed in the Farm Accountancy Data Network, these
field experiment results allow for assessing the change in quantities of inputs used (feed and piglets) and outputs
obtained (pig meat). These in- and outputs form the basis for calculating the aggregate economic and

environmental effect at farm level. Since useful data concerning the change in carcass quality and veterinary and
medicine costs are currently not available, these issues have not yet been taken into account.
The aggregate economic effect of applying strategic deworming is calculated with the partial budgeting
technique. A partial budget analyses only these cost and profit components that change due to a minor
adjustment in the business (Dalsted and Gutierrez, 1992). In this case, the cost components that change due to
the application of strategic deworming are the amounts of feed and piglets that are used. The changed profit
component is the amount of pig meat that is produced. The net effect is the difference between the sum of the
positive and negative economic effects and is added to the labour income, which is used here as the economic
performance measure.
Based on the materials balance condition, the nutrient balance of a farm is calculated as the amount of nutrients
that enters the farm in inputs (feed and piglets) minus that which leaves the farm bound up in useful output (pig
meat production). Economic and environmental effect results are presented per average present finisher (APF)
per year.
3. RESULTS
Table 1 shows the effect of applying a strategic deworming programme with 30 ppm of flubendazole (five-day
treatment every five weeks) on average daily weight gain, feed conversion rate and mortality rate. Historical pretreatment data are compared with trial data for three field experiments and percentage differences are reported.
The implementation of a strategic deworming program has a positive effect on average daily weight gain, feed
conversion rate and mortality rate, and this on all three farms involved in the study (Table 1). Note that a drop of
mortality with 27.39% corresponds to a decrease in absolute mortality rate from 5.95% to only 4.32%.
Table 1 Effect of strategic deworming with flubendazole on average daily weight gain, feed conversion rate and
mortality rate (% change)
Parameter
Average daily weight gain
Mortality
Feed conversion rate

Field experiment number
1
2
3
+2.32
+2.15
+1.97
-27.39
-1.02
-22.84
-0.34
-3.36
-3.45

Although the field experiment results are mostly not spectacular, they act as leverage for the final economic and
environmental outcome of the pig production process. Labour income increases with 15% to 30%, while
nitrogen excretion (except for experiment 1) decreases (Table 2). The ratio between labour income and nitrogen
excretion increases with 13% to 34%. The baseline figures correspond to average pig farm data for the year 2003
from the Farm Accountancy Data Network. It is shown that an economic-environmental win-win is possible
through applying strategic deworming with flubendazole.
Table 2 Economic, environmental and ratio effect of strategic deworming with flubendazole
Field experiment number
Baseline
1
2
3
(2003)
Labour income (euro/APF) 24.18 28.01 (+15.8%) 29.48 (+21.9%) 31.44 (+30.0%)
N excretion (kg/APF)
11.33 11.58 (+2.2%) 11.00 (-2.9%) 11.00 (-2.9%)
Ratio
2.13
2.42 (+13.4%) 2.68 (+25.6%) 2.86 (+34.0%)
Parameter

4. DISCUSSION
Results indicate a leverage effect between the field experiment results and the aggregate economic effect. Figure
1 explains this leverage effect for field experiment number 3. Due to the application of strategic deworming with
flubendazole, revenues increase with 4.2% while total costs increase slightly with 0.3%. Note that the costs per
finishing round decrease, but since more pigs can be fattened, total costs increase. These changes in costs and
revenues cause labour income to increase from 24 euro/APF to 31 euro/APF (+30%). Therefore, minor changes
in constituting components may cause major changes in aggregate measures.

+ 30%

∆ = 31 euro/APF

+ 4.2%

∆ = 24 euro/APF

+ 0.3%

160 euro/APF

184 euro/APF

Costs

Revenues

Figure 1 Leverage effect for field experiment number 3
Based on published agronomic knowledge concerning growth, feed uptake and mortality functions, continuous
functions can be constructed that represent substitution possibilities between inputs to produce the same amount
of output (Figure 2). The baseline and three field experiments are represented by different curves. According to
the partial budgeting technique, the adoption of a strategic deworming technology implies a movement from the
average farm operating point, indicated on the baseline curve, to one of the indicated points on the other curves.
However, in reality, adopting a technology implies a movement from the farm operating point on the baseline
curve to another curve. The point on that other curve where the farm will be operating represents the proportion
of inputs that is used and depends on the underlying management decision of slaughter weight and dead time
between finishing rounds. So, the adoption of a new technology must be considered as a movement between
curves, not between points, and in that way the partial budgeting technique is limited in its diagnostic power.

Feed uptake (kg) per kg pig meat

2.75

Average farm
operating point

2.65
2.55
2.45
2.35
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2.15
2.05
0.0080

0.0085
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0.0100

0.0105
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0.0115

Number of rotations per kg pig meat
No strategic deworming
Field experiment 2
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Field experiment 3

Figure 2 Strategic deworming technologies represented by continuous functions
When input prices and nitrogen contents are known, cost and nutrient efficient points, corresponding to input
combinations that minimize, respectively, input costs and nitrogen excretion can be identified on these
continuous production functions.
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ABSTRACT
The aim of this study was to investigate whether sperm motility determined by CASA and sperm morphology could
be used to predict the reproductive performance of sows. Motility was examined using the HTR Ceros 12.1 at three
time points after warming up to 37°C between 15 minutes and two hours. Morphology was assessed using an eosinnigrosin staining. Associations between the sperm characteristics and reproductive parameters of 276 sows were
analysed using multivariable regression analyses. VCL and VAP decreased with increasing incubation time while
VSL, STR and LIN increased. Different motility parameters were significantly associated with conception rate (STR,
ALH, LIN, %Motile), total number of piglets (%Motile, %Progr) and piglets born alive (%Motile). The present
study showed that motility parameters assessed by CASA can vary with the time of measurement and, although good
commercial semen was used, may help to better predict the total number of piglets as well as conception rate.

SAMENVATTING
In deze studie werd onderzocht of spermamotiliteit bepaald via CASA en morfologie gebruikt kunnen worden om de
fertiliteit bij de zeugen te voorspellen. De beweeglijkheid werd onderzocht via de HTR Ceros 12.1 op drie tijdstippen
na opwarmen tot 37° tussen 15 minuten en twee uur. Morfologie werd bepaald via eosine-nigrosine kleuring.
Verbanden tussen sperma-eigenschappen en fertiliteit bij 276 zeugen werden onderzocht via multivariate
regressieanalyse. VCL en VAP daalden met stijgende incubatieduur, terwijl VSL, STR en LIN toenamen.
Verschillende bewegingsparameters waren significant geassocieerd met conceptie (STR, ALH, LIN, %Motile),
aantal biggen (%Motile, %Progr) en het aantal levend geboren biggen (%Motile). Deze studie toont aan dat
bewegingsparameters bepaald via CASA kunnen variëren naargelang het tijdstip van meting en dat deze methode,
ondanks het gebruik van hoog kwalitatief, gecommercialiseerd sperma het aantal geboren biggen en het
drachtpercentage kan helpen voorspellen.
1. INTRODUCTION
Correlating sperm characteristics to field fertility has been a challenge in several studies. Outcomes of studies
correlating sperm characteristics with fertility were variable and correlation was not always obvious (2). In most
studies, routinely used, easy to perform but very subjective methods are used to assess sperm characteristics, e.g.
visual motility examination. Although this method is useful in practice and correlates to more objective, computerassisted motility measurement (5) as determined by CASA and sperm morphology was correlated with fertility data.
Double inseminations were performed with commercial semen at a standard dose of 3x109 per dose in order to
determine the predicting value of CASA parameters in commercially used semen. In addition, motility assessment
was performed at three incubation times to determine the optimal moment of investigation regarding the predictive
effect on fertility outcome.

2. MATERIALS AND METHODS
2.1 Semen collection and semen examination
One hundred semen doses from 38 different boars were obtained from a commercial AI-centre between June 2004
and February 2005. Semen was diluted to 3x109 spermatozoa per dose (30x106/ml) in a BTS-extender (Minitüb,
Tiefenbach, Germany, art 13525/1020) using a photometer. Semen doses were stored at 17°C until use.
Upon arival at the laboratory (10 hours post-collection), semen morphology was examined using an eosin-nigrosin
stain. Motility was objectively assessed using CASA-analysis (Hamilton Thorne semen analyser, HTR Ceros 12.1,
Hamilton Thorne Research, Beverly, USA). Semen samples were heated at 37°C in an incubator and motility was
assessed at 15, 45 minutes and 2 hours after warming up. Each motility assessment consisted of five measurements
of at least 500 cells. The software settings for the HTR Ceros 12.1 were those recommended by the manufacturer.
Different motility parameters were determined: VAP: average path velocity, VSL: straight-line velocity, VCL:
curvilinear velocity, STR: straightness, LIN: linearity, MOTILE: motile spermatozoa, PROGR: progressively
moving spermatozoa (VAP> 45µm/s and STR > 45%), RAPID: rapidly moving spermatozoa (VAP > 45 µm/s) and
STATIC: static spermatozoa (not moving during the analysis).
2.2 Reproductive parameters
The analysed semen doses were used in 276 sows on five herds. Conception was defined as farrowing at which
moment the number of piglets and the number of live born piglets was registered. Data on sow parity, time of
insemination, non-return rate and litter size were collected.
Statistical analysis
Motility assessment on the three different time points was compared using plots of agreement The predictive effect
of semen parameters on reproductive performance was analysed using regression models. Logistic regression was
used to analyse conception and linear regression analysis to examine the total number of piglets born and the number
of live born piglets. Clustering between observations was taken into account using Generalized Estimating
Equations. Herd, parity time and the interval weaning to conception were included in the model. Reproductive data
were compared with semen data on each time point separately and for all time points together. A significance level
of p<0.05 was retained in all analyses.
3. RESULTS
3.1 Sperm parameters
The mean percentage of spermatozoa with normal morphology was 92,2 (38,0-100,0). Abnormal morphology (mean
+ range) was minimal: cells with abnormal head 0,6 (0,0-5,0), proximal droplets 2,8 (0,0-17,6), distal droplets 2,4
(0,0-19,0) and abnormal tails 2,0 (0,0-44,0). Motility parameters for the different time points are shown in Table 1.
Distribution of the differences between time-points is shown in plots of agreement (Figure 1).
3.2 Reproductive parameters
Analysis of GEE parameter estimates taking into account conception, total number of piglets and piglets born alive is
shown in Table 2.
4. DISCUSSION
In the present study boar semen characteristics were evaluated on their predictive effect on fertility using different
incubation times. Motility characteristics were clearly different depending on the incubation time at 37°C before the
measurement. With increasing incubation time cells were slowing down and more in particular, the pattern of
movement evolved to more straightforward. This indicates that bringing the cells at physiological temperature after
incubation at 17°C affects the motion parameters as measured by CASA after a short incubation time. The question
remains if these motility characteristics are representative for the physiological sperm motility. The data in this study
emphasise the necessity of a standardised working protocol for CASA-measurement of boar semen to obtain
comparable results.
In this study the predictive value of several motility parameters measured by CASA was assessed. %Motile was
significantly associated with litter size. These data correlate with fertility trials in literature using visual motility
estimation (1) or CASA after incubation in capacitating conditions (3). In this study diluted semen was used from a
commercial AI-centre without washing of the spermatozoa, indicating that even in semen selected on visual motility,
without pre-treatment of spermatozoa, CASA-analysis provided additional information. This additional value of
CASA motility-measurement was also seen in the human population (4). The number of piglets born alive was also
significantly and negatively influenced by the sow’s parity, especially when considering sows >6 parities.

In conclusion, the data in this study confirm the additional predictive value of detailed motility examination on sow
fertility.
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Table 1: Mean (± SD) of different motility parameters as determined by HTR for 100 ejaculates at 15 minutes, 45
minutes and 2 hours after heating at 37°C.
Time
15'
45'
2h

VAP
mean SD
88.2 7.4
81.8 9.7
79.3 11.4

VSL
mean SD
61.2 7.6
65.7 10.1
67.7 10.6

VCL
mean SD
161.0 16.5
133.1 18.1
119.1 20.9

ALH
mean SD
6.1
0.8
5.0
1.0
4.4
1.0

BCF
mean SD
37.1
2.8
37.4
3.6
36.7
3.4

STR
mean SD
68.7 6.8
78.8 6.3
83.8 5.3

LIN
mean SD
39.4 6.6
51.3 9.0
59.4 9.5

%MOTILE
mean SD
86.4
5.8
85.1
6.4
83.9
6.1

%PROGR
mean SD
62.9 12.1
68.2 9.9
67.2 10.2

ALH, amplitude of lateral head displacement; BCH, beat cross frequency; LIN, linearity; %MOTILE, percentage
motile spermatozoa; %PROGR, percentage progressively moving spermatozoa; STR, straightness; VAP, average
path velocity; VCL, curvilinear velocity; VSL, straight-line velocity.
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Figure 1: Plots of agreement for several motility parameters determined by HTR between two time points (15
minutes – 45 minutes and 15 minutes – 2 hours). VAP,average path velocity; VSL, straight-line velocity. Limits of
agreement (d ± 2sdiff)are indicated as dotted line.
Table 2: Analysis of GEE parameter estimates for conception, total number of piglets and piglets born alive based on
motility parameters at 15 minutes. Results are expressed as odds ratio, taking into account all parities, parity 1-6 and
sows >6 parities. P<0.05
Conception
Estimate Standard error
OR
all parities
STR
0,0226
0,0012
1,0229
parity 1-6
ALH
0,2574
0,0208
1,2936
parity >6
Prox-dr
0,3193
0,1367
1,3762
Total piglets
all parities
%Motile
0,1475
0,0071
1,1589
parity 1-6
%Motile
0,1506
0,0074
1,1625
parity >6
%Motile
0,1506
0,0130
1,1625
Born alive
all parities
%Motile
0,1405
0,0036
1,1508
parity*parity
-0,0390
0,0098
0,9618
parity 1-6
%Motile
0,1345
0,0029
1,1440
parity >6
%Motile
0,1459
0,0072
1,1571
parity*parity
-0,0483
0,0147
0,9528
ALH, amplitude of lateral head displacement; %MOTILE, percentage motile spermatozoa; prox-dr: number of
proximal droplets

