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ABSTRACT 
 
One of the research activities of the ITM-department of Veterinary Medicine has been the diagnosis of Taenia 
saginata-cysticercosis. This resulted in the development of an antigen-capture assay which currently is evaluated 
in an IVK project. On request by the ΑUniversidad Central del Ecuador≅and in collaboration with the University 
of Antwerp, a pilot project on the control of Taenia solium cysticercosis was started in 1997, sponsored by 
VLIR. Recently, the ΑInstitute of Malariology, Parasitology and Entomology≅ in Hanoi, Viet Nam, requested 
assistance for the diagnosis and control of human cysticercosis. The present paper summarizes recent reports and 
constraints on the epidemiological research and control of T.solium cysticercosis. So far, most of the work has 
been done in Latin America, whereas in S.E.Asia and Africa the extent of the problem is largely unknown but it 
has been realized that it is grossly underestimated zoonosis. 
 
 

SAMENVATTING 
 
De diagnose van Taenia saginata cysticercose is één van de onderzoeksonderwerpen van het departement 
diergeneeskunde van het ITG. In dit programma werd o.m. een diagnose methode ontworpen, gebaseerd op een 
circulerend antigeen-detectie Elisa. Deze test wordt momenteel geëvalueerd in een IVK project. Op verzoek van 
de ΑUniversidad Central del Ecuador≅ en in samenwerking met de Universiteit van Antwerpen werd in 1997 
een piloot project opgezet ter controle van Taenia solium cysticercose met financiering door VLIR. Eind vorig 
jaar verzocht het ΑInstitute of Malariology, Parasitology and Entomology≅ in Hanoi, Viet Nam, in het kader van 
het ABOS-raamakkoord om assistentie bij de diagnose en de controle van humane cysticercose. Hierbij wordt 
een kort overzicht geschetst van de recente ontwikkelingen en beperkingen van het epidemiologisch onderzoek 
en de controle van T.solium cysticercose. Tot heden werd het meeste werk in Latijns Amerika uitgevoerd, terwijl 
in Z.O.Azië en Afrika men nog geen idee heeft van de omvang van het probleem, maar men zich wel realiseert 
dat het een zeer onderschatte zoönose is.  
 
 
 



 
1.INTRODUCTION 

 
Adult Taenia spp. tapeworms belong perhaps to the best recognizable parasites in humans, but probably for the 
same reasons i.a. their intestinal localisation, their size and often an unpleasant feeling associated with the 
migration of gravid segments it is an infection about which few carriers like to comment. Consequently, figures 
about the prevalence are usually wild estimations, common knowledge on the association of clinical symptoms 
and the presence of the tapeworms is poor and often even the subject of fictitious tales. 
This may not be a great cause for concern at least when dealing with Taenia saginata, but a related species, 
Taenia solium has to be considered as one of the most dangerous helminth parasites in man. Both being 
zoonoses, with cattle and pigs as intermediate hosts for respectively T.saginata and T.solium, the medical sector 
esteemed it a problem to be dealt with by the veterinarians. The latter however were either not confronted with 
the problem or considered it of minor importance in commercial animal husbandry. In addition, research on 
these parasites has been hampered by the constraint of reproducing the life-cycle in controlled conditions.  
 

2. LIFE CYCLE OF TAENIA SOLIUM AND TAENIA SAGINATA 
 
Adult tapeworms are housed in the intestines only, this in contrast with nematodes and trematodes where the 
adults of several species are localised in organs or blood. The reproduction of T.saginata and T.solium is 
associated with an extraordinary renewal of their body. The body is composed of a chain of segments or 
proglottides which are well-nigh continuously formed and contain during their development both male and 
female reproductive systems. As such, the most posterior segments contain a branched uterus filled with tens of 
thousands of eggs. These mature segments then detach from the strobila and either migrate actively outside the 
body - usually the case for T.saginata - or they arrive passively with the faeces in the outside world, more 
typical for T.solium.  
 
Eggs of both species are named oncospheres. These do not need an incubation period in the outside world but 
upon arrival there, contain a larva readily  infective for their intermediate host. After oral ingestion, larvae hatch 
and migrate through the duodenal wall to develop in the muscles, or on occasion in the organs, into infective 
larvae for man, who because of his carnivorous habit is the final host.  
Infective larvae, named cysticerci, develop, in case of T.saginata, in bovines solely, whereas for those of 
T.solium development occur in pigs but with a much lower degree of specificity and that is where the problem 
lies: not only can a T.solium oncosphere develop into the mature cysticercus stage in man as well, but the 
frequent invasion of these larvae in the central nervous system makes it a serious health hazard. Man can be at 
the same time final and intermediate host. Schantz et al (22) reported that 5 to 40% of cysticercosis patients 
harbour adult Taenia sp. 
 

3. GEOGRAPHICAL DISTRIBUTION 
 
Since oncospheres, either free or still within the excreted segments, are the only stage occurring in the outside 
world, where they do not need to embryonate but possess a fair degree of resistance to ambient climatic 
conditions, the main limit on the distribution of both species used to be the eating habits: i.e. consumption of 
raw or undercooked beef or pork determined the endemicity  of respectively T.saginata or T.solium. As for the 
former, food-borne transmission still remains the most important factor. For T.solium however, additional 
circumstances are important. Mature T.solium segments are rather passive, upon excretion, they remain in the 
faeces and so do the oncospheres. In addition, the coprophagous habit of pigs not only favours the endemicity 
but explains the occurrence of massive infections. 
  
T.saginata-mature proglottides tend to migrate actively, during this process oncospheres are more readily 
dispersed to be picked up in apparently low numbers by cattle. 
It is estimated that more than 50 million pigs and 5 to 6 million humans have cysticercosis and 5 to 10 million 
are carriers of adult T.solium. (8) 
Human cysticercosis is reported in 18 countries in Central and South America, central and southern Africa, 
India, South East Asia and China, in Europe there are still some small foci in Spain and Eastern Europe, 
 
4. GENERAL CONSTRAINTS LIMITING EPIDEMIOLOGICAL RESEARCH ON CYSTICERCOSIS. 
 
For both species the final host is man, this plus the devastating effects caused by T.solium larvae in man, are the 
main limits on experimental infections. Consequently, the development of reliable diagnostic methods of adult 
Taenia spp and cysticercosis have been seriously hampered.  



 
Albeit that recognising a taeniid egg is relatively easy by ordinary light microscopy, routine coprological 
examination is insufficient to allow differentiation between T.saginata and T.solium oncospheres, furthermore 
the absence of eggs in faeces might often be due to the eggs not being released from the proglottides and does 
not necessarily mean that the patient is negative. Therefore a coproantigen capture immunoassay was developed 
(1, 2). E.g. in Mexico, Rodriguez Canul and collaborators (19) reported 1.5% patients out of 475 positive for 
T.solium by a coproantigen-capture Elisa, yet in none of these patients= faeces however were eggs or 
proglottides found. 
 
Diagnosis of cysticercosis in bovines is done by meat-inspection. Inspecting the entire carcass is economically 
not possible, but in most countries post-mortem inspection of the so-called predilection sites is compulsory. Yet 
due to the characteristics of the passage to the intermediate host, larvae are usually present in low numbers in 
bovines. As such, it was proven that only one third of the lowly infected bovines in Belgium harboured larvae in 
the predilection sites (10). 
 
As for pig cysticercosis, post mortem should not be a great problem except that often pigs are slaughtered 
without veterinary inspection. In Ecuador, Peña Córdova and Benítez Ortíz (17) noted that in Atuntaqui with 
about 30,000 inhabitants, on average 101 pigs are slaughtered per week. In the absence of an abattoir, these are 
all domestic slaughters. Occasional meat inspection exists on the markets but at least 40% of the animals escape 
any kind of sanitary control. I.a. in the Andes, a form of  ante mortem diagnosis is known, i.e. palpation of the 
tongue. However it is not known whether it is common practice and what  happens with the positive cases 
detected. Anyhow, since it is done without any sedation it requires skill, Holland W., (pers.com. 1999) found 
that in Viet Nam, where it is not common practice, the technique may lead to false diagnoses. 
In humans, brain localisations are frequently involved with cysticercosis and convulsions occur in at least half 
of these patients. As summarized by Schantz et al. (22), neurocysticercosis has been named as the main cause of 
epilepsy worldwide. Often diagnosis relies on imaging methods such as computerized tomography (CT) or 
magnetic resonance imaging (MRI). In spite of being very useful for diagnosis of an individual patient and 
during the follow-up of treatment courses, it is obvious that with these techniques reaching high numbers of 
people, living in poor rural areas, as most of the cysticercosis patients are, is excluded. Equally, autopsies on 
these patients being rather exceptional, the lack of a Αgold standard≅ is obviously the main drawback for 
epidemiological studies. Not surprisingly, much attention has been paid to the development of serodiagnostic 
techniques: initially based on antibody detection, later on the detection of circulating antigens.  
 
Amongst the antibody assays, the enzyme-linked immunotransfer blot (EITB) with glycoprotein antigens (24) 
appears to be the most promising. EITB has a high sensitivity as cited by Schantz et al. (22), whereas Correa et 
al. (7) found antigen detection assays more useful for detecting active neurocysticercosis and obviously, 
successful detection in pigs is very much correlated with the intensity of the infection (23). 
 
Antigen capture assays have equally been developed initially for the ante mortem diagnosis of T.saginata 
cysticercosis but later applied to T.solium cysticercosis. (4, 16). Both monoclonal based assays aim to detect 
secreted glycoproteins. Again, sensitivity of the tests are related to the larval load, leading to problematic 
diagnoses when the number of cysticerci are beyond a certain threshold. Therefore Van Kerkhoven et al.(25) 
attempted to improve the antigen capture assay by dissociating the larval excretory and secretory products from 
the circulating immune complexes. This resulted in a significant increase of the sensitivity from 56% to 92% 
and reduced the number of false positives, yielding a 98.7% specificity. 
 
Certainly the interpretation of sensitivity and specificity has to be evaluated with care. Experimental infections 
are confronted with economical constraints for T.saginata cysticercosis because of the specificity for the bovine 
host and for T.solium cysticercosis the risk for infection for those manipulating the oncospheres is real. The 
evaluation based on natural infections bears the risk of not being complete. In particular, most assays might 
differentiate cysticerci from hydatid cysts, but whether the specificity of these assays is such that e.g. in pigs 
T.solium cysts can be differentiated between Taenia hydatigena cysts is not known. Admittedly, the occurrence 
of the latter in T.solium endemic regions is usually considered to be of minor importance. 
 
Notwithstanding the diagnostic difficulties prevalence rates are reported from various regions but best 
documented for central America and the Andean region. As summarized by Schantz et al (22) and Craig et al. 
(8): prevalence rates in pigs oscillate between 4 and 6.5% in Mexico and Guatemala but in the highly endemic 
communities of Peru and Bolivia figures around 40% and even higher are reported. In humans, most authors 
agree that cysticercosis is largely underrated.  
 



 

5. IMPORTANT EPIDEMIOLOGICAL ASPECTS 
 
Except for certain foci in Spain, human cysticercosis became extinct in western Europe, however, it is a striking 
fact that in the 19th century cysticercosis was reported in 2% of the autopsies done on humans in Berlin, which 
corresponds with the actual situation in many regions in Latin America as cited by Schantz et al. (22). Where this 
raises hope to attain world wide eradication of the parasite, the factors that contributed to the eradication of 
T.solium cysticercosis in our country appear somewhat coincidental. 
 
It does not appear that this was attained at the level of the transmission from the intermediate host to man. 
Should this have been the case than T.saginata would not occur any longer either. 
Recently, Dorny and collaborators (10) reported a seroprevalence of more than 3% for bovine cysticercosis in 
Belgium. This figure is based on an improved version of an antigen-capture assay (25) with a high specificity 
and a sensitivity of 100%, in case a bovine carries more than 50 living cysts, but between 25 and 67% in very 
light infections. This figure is 10 times more than what is detected by classical meat inspection, i.e. visual 
inspection of the predilection sites as prescribed by the law. It could be argued that porcine carcasses with 
cysticercosis are relatively more conspicuous and that consumption of raw or undercooked meat is restricted to 
beef, fact is our inadequate hygienic standard at that level. Industrialisation of pig husbandry was the main 
contributing factor. Pigs are kept livelong indoors, do not get fresh feed and efforts to keep i.a. viral infections 
out helped to prevent contacts with T.solium oncospheres. Coprophagy is a normal behaviour of pigs looking for 
food and its role in the epidemiology of human cysticercosis is one of the most important differences between 
the mode of transmission of T.solium and T.saginata from human to the intermediate host. 
 
Free roaming pigs including with unrestricted access to human faeces has been determined as the main risk 
factor for cysticercosis (19). Piglets are picking up the infection already when 2 to 4 weeks old with larval 
development limited to the liver only, from the age of 4 months metacestodes can be found in the muscles (9).  
Not surprisingly, several authors observed distinct clustering of human and porcine cysticercosis, elevated 
seroprevalences in humans coincide with high prevalences in pigs and are associated with  lack of sanitary 
facilities together with keeping pigs in households (13, 20). Other important factors are summarised by the latter 
authors: i.e. lack of piped waterworks, housing with earthen floor and low education, in particular when 
knowledge on the parasite is inadequate. 
 
In particular the relation between the presence of an adult tapeworm and cysticercosis is often not known. 
Furthermore, carriers of adult T.solium, contrary to those with T.saginata, are often unaware of the parasite (20) 
there is not only the risk of autoinfection but obviously people most at risk of cysticercosis are those living in the 
vicinity or in the family of an adult tapeworm carrier.     
In this respect, the importance of people handling food has been demonstrated, e.g. in the Andes, selling fried 
pork Αchicharones≅ or Αfritadas≅ is very common. Garcia et al. (12) reported a significantly higher rate for 
taeniasis in people and their families, professionally related to the preparation and selling of pork, than in the rest 
of the population e.g. for taeniasis the prevalence was respectively 8.6% and 3%. Seroprevalences for 
cysticercosis were the same for both groups (23%). Usually, pork is prepared in small stalls along the road 
without any sanitary facilities or running water i.e. inadequate hygienic standards will facilitate oncosphere 
transmission via the food to the customers. 
 
Apparently, the epidemiology of T.solium cysticercosis in Asia has many similarities to the situation in South 
America and identical risk factors have been described i.a. in China (5). In general the occurrence of 
cysticercosis in Asia is not so well documented, furthermore the situation is even more complicated by the 
presence of the so called ΑAsian Taenia≅ or Taenia saginata asiatica, a subspecies resembling in its adult stage 
T.saginata, but with a metacestode exhibiting far less host-specificity. This is the most likely explanation for the 
disproportionate dominance of T.saginata and not T.solium in spite of the prevailing eating habits (11). Anyhow, 
it is likely that this Asian Taenia may have a wider range than Taiwan, Korea and Indonesia but certainly 
genuine T.solium neurocysticercosis exists i.a. in Northern Viet Nam. Here, preliminary investigations indicate a 
focalised character, ascribed mainly to varying eating habits. 
 

 
6. PREVENTION OF CYSTICERCOSIS 

 
Tracking down carriers of adult T.solium is confronted with problems of diagnosis and unawareness of the 
patients. Alternatively, mass chemotherapy has been used, Allan and collaborators (3) reduced significantly the 
prevalence of human taeniasis (from 3.5% initially to 1% , 10 months after treatment) and the seroprevalence of 



 

pig cysticercosis fell drastically from 55% to 7%. The study was done in two villages in Guatemala, only mass 
treatment involving nearly three quarters of the population accounted for the effect.  
In a very interesting study in Mexico, the effect of health education programmes and community involvement 
without other preventive or curative measurements was evaluated. Seroprevalence in pigs fell from 5.2% to 
1.2%, one year after the intervention (21). Health education is very crucial indeed: leaving pigs to care for their 
own has many advantages, since feeding is cheaper and because they are clearing up human faeces, it is hard to 
convince villagers to change the system. Keeping pigs in enclosures and maintenance of sanitary facilities are an 
extra burden, in situations were it is not proven that pig husbandry systems producing cyst-free pork will 
guarantee a better income for the population. 
Breaking the cycle at the point of transmission from pig to human equally relies mainly on education: an 
efficient detection system, be it ante- or post-mortem, is needed, but condemning cysticercotic carcasses does not 
necessarily prevent their consumption. Processing facilities with less rigorous surveillance might be sought, 
which after all, was a practice that helped to keep bovine cysticercosis endemic in Europe. 
 
The consideration to include chemotherapy of pigs in large scale control programmes has gained more attention 
since the use of oxfendazole. A single oral dose of 30 mg/kg has been reported to be effective after a waiting 
period of three months (14, 15) in a similar experiment in Ecuador however, little effect on brain cysts with that 
dose was observed (6). The option to vaccinate pigs is equally under investigation with promising results: 
Plancarte and collaborators (18) obtained 83% protection using a pool of three recombinant Taenia ovis antigens.  
Should it be proven that pigs in the traditional endemic regions without cysticercosis, through treatment of 
immunisation, have a higher market value it would offer additional incentives for such studies. 
 
In recent years, it often happened that tourists and immigrants in industrialised countries, were diagnosed with 
cysticercosis. Even importing T.solium and a change of pig husbandry to more favourable conditions for its life 
cycle may be unlikely for the parasite to become endemic again, human cysticercosis can be eradicated but it 
will depend on the willingness to invest for the development of better diagnostic techniques and a better 
understanding of the dynamics of the disease.  
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VEEHOUDERIJ IN ZUID-OOST AZIE : 
KANS OF BEDREIGING VOOR DE EUROPESE UNIE 

 
 

Paul Coelis 
 
 

Premix Inve Export, Oeverstraat 7, 9200 Baasrode 
 
 
 
De landen van Zuid-Oost Azië zullen niettegenstaande de laatste crisis, de drijvende kracht blijven voor de groei 
van de wereldeconomie in de volgende eeuw. Dit is niet alleen voor de economische groei maar ook duidelijk 
voor de bevolkingsaangroei.  
 
In het jaar 2015 woont 60,15 % van de wereldbevolking in Azië, 19 % in China, 16 % in Indie. (zie tabel 1) 
 
Door de sterke economische groei, gedreven door export, zijn en zal de koopkracht per inwoner sterk stijgen. 
(zie tabel 3) 
Dit betekent dat ongeveer een miljard mensen meer koopkracht hebben en deze vooral zullen besteden in een 
betere voeding (meer dierlijk eiwit). Dit blijkt duidelijk in tabel 10 waar de evolutie geschetst wordt van de 
jaarlijkse consumptie van eieren en kippevlees. China kende in 1998 reeds een verbruik van 10,6 kg kippevlees 
per inwoner of een groei van 278 % sinds 1990. 
 
Niettegenstaande de sterke groei van hun veestapel (zie tabel 4 – 7) zal Zuid-Oost Azië duidelijk meer 
consumeren dan wat zij zelf kunnen produceren. Met andere woorden : Zuid-Oost Azië zal veeleer een kans zijn 
voor de Europese Unie dan een bedreiging. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

% BEVOLKING & GROEI - WERELD 
 
Tabel 1 
 

   
1985 

 

  
2000 

  
% groei 1985-2000 

 
2015 

 
% groei 2000-2015 

      
• Africa 11,3 13,4 + 49,70 % 16,20 + 44,00 % 
      
• N. & C. America 8,25 8 + 20,56 % 7,65 + 15,89 % 
      
• Z. America 5,5 5,6 + 28,10 % 5,65 + 20,59 % 
      
• Asia 59,9 60,6 + 27,00 % 60,15 + 18,78 % 
      
• Europe 14,6 11,9 - 3,20 % 9,85 - 1,71 % 
      
• Ocean 6,45 0,5 + 23,67 % 0,50 + 20,46 % 
      
 
 



 
 
 
 
 

% BEVOLKING & GROEI – ASIA 
 
Tabel 2 
 

 
 
 

 
1985 

 
% 

 
2000 

 
% 

 
% groei 

'85 - 2000 

 
2015 

 
% 

 
% groei 

2000 – 2015 
• China 1.070 36,9 % 1.276,3 34,6 % + 19,28 % 1.409,1 32,16 % + 20,35 % 
         
• India 767,9 26,5 % 1.006,8 27,3 % + 31,11 % 1.211,7 27,65 % + 20,35 % 
         
• Asean 351,6 12,11 % 454,9 12,33 % + 29,4 % 543,5 12,4 % + 19,48 % 

   
 - Burn.   

 
0,2 

  
0,3 

  
+ 50 % 

 
0,4 

  
+ 33 % 

 - Indon. 167,3 5,76 % 212,6 5,76 % + 27 % 251,8 5,75 % + 18,44 % 
 - Mal. 15,7 0,54 % 22,3 0,60 % + 42 % 28 0,64 % + 25,56 % 
 - Phil. 54,7 1,88 % 75 2,33 % + 37,11 % 94,9 2,17 % + 26,53 % 
 - Sing. 2,7  3,6  + 33,3 4  + 11,10 % 
 - Thail. 51,1 1,76 % 60,5 1,64 % + 18,4 % 66,3 1,51 % + 9,58 % 
 - Vietn. 59,9 2,06 % 80,6 2,18 % + 25,7 % 98,1 2,24 % + 21,71 % 

         
• Japan 120,8 4,16 % 126,4 3,43 % + 4,64 % 125,8 2,87 % - 0,47 % 
         
Totaal (x milj.) 
 

2.902,3  3.688,5   4.381,2   

 
 



 
 
 
 
 

GNP – US$ JAAR 
 
 
Tabel 3 
 

 
 
 

 
' 94 

 
' 96 

 
% groei 

• China 530 750 41,5 % 
    
• India 310 380 22,6 % 
    
• Asean    

   
 - Burn. 

 
14.240 

 
- 

 
- 

 - Indon. 880 1.080 22,73 % 
 - Mal. 3.520 4.370 24,15 % 
 - Phill. 960 1.160 20,83 % 
 - Sing. 23.360 30.550 33,94 % 
 - Thail. 2.210 2.960 33,94 % 
 - Vietn. 190 290 52,63 % 

    
• Japan 34.630 40.940 18,22 % 
    
• US 25.860 28.020 8,35 % 
    
• Belgie 
 

22.920 26.440 15,35 % 

 
 
 



 
 
 
 
 

RUNDVEE  (x 1000 koppen) 
 
Tabel 4 

  
'89 – '91 

 

 
'95 

 
'96 

 
'97 

 
% 

 
% groei '95-'97 

Wereld 1.293.433 1.322.020 1.333.740 1.333.620  + 0,88 % 
       
• Afrika 186.358 193.497 199.902 202.596 15,3 % + 4,7 % 
       
• N. & C. Amerika 160.174 164.932 164.214 161.051 12 % - 2,35 % 
       
    -US 96.314 102.755 103.487 101.460 7,6 %  
       
• Z. Amerika 272.813 293.550 297.059 297.116 22 % + 1,21 % 
       
• Asia 401.064 456.106 464.061 471.937 35,5 % + 3,47 % 
       
    - China 79.285 100.554 108.910 116.460 8,75 % + 15,8 % 
   - India 202.607 207.110 207.790 209.084 15,7 % + 0,95 % 
       
• Europa 123.383 178.153 172.081 164.841 12,30 - 7,47 
       
• Asean 21.397 25.508 25.580 26.288 2 % + 3,6 % 
  
  - Thail. 

 
5.513 

 
7.609 

 
7.000 

 
7.500 

 
28,5 

 

  - Indon. 10.390 11.550 11.930 12.000 45,65  
    - Mal. 677 689 720 720 2,75  
    - Phill. 1.664 2.021 2.128 2.266 8,60  
    - Sing. - - - - -  
  - Burn. 2 2 2 2 -  
   - Vietnam 
 

3.151 3.639 3.800 3.800 14,5  



 
 
 
 
 

VARKENS  (x 1000 koppen) 
 
Tabel 5 

  
'89 – '91 

 

 
'95 

 
'96 

 
'97 

 
% 

 
% groei '95-'97 

Wereld 855.144 901.281 923.949 936.886  + 3,95 % 
       
• Afrika 16.518 21.585 21.791 22.168 2,4 % + 2,7 % 
       
• N. & C. Amerika 87.013 93.875 91.827 89.627 9,4 % - 4,53 % 
       
    - US 54.557 59.990 58.264 56.171 6 % - 6,4 % 
       
• Z. Amerika 52.288 56.766 57.258 58.066 6,2 % + 2,3 % 
       
• Asia 434.327 511.164 539.180 557.200 59,5 % + 9 % 
       
     - China 360.247 424.681 452.200 468.055 50 % + 10,21 % 
       
• Europa 182.821 213.106 209.220 205.011 22 % - 3,8 % 
       
• Ocean 4.680 4.785 4.673 4.814 0,5 % + 0,6 % 
       
• Asean 34.766 40.860 41.370 43.059 4,6 % + 5,38 % 
  - Thail. 4.766 4.507 4.023 4.209 9,8  
   - Indon. 7.231 7.825 8.000 8.200 19  
   - Mal. 2.577 3.282 3.400 3.400 7,9  
  - Phill. 7.968 8.941 9.026 9.750 22,6  
  - Sing. - - - - -  
   - Burn. - - - - -  
   - Vietnam 12.224 16.306 16.921 17.500 40,7  
 



 
 
 
 
 

MESTKIPPEN – SLACHT  (milj.) 
Tabel 6 

 
 
 

 
' 90 

 
' 96 

 
' 97 

 
% 

 
Groei '96-'97 

Wereld 27.032 37.134 38.922  4,8 % 
      
• Afrika 1.750 2.149 2.171 5,6 % + 1 % 
      
• N. & C. Amerika 7.363 10.041 10.520 27 % + 4,77 % 
      
  - US 6.022 8.084 8.495 21,8 % + 5,08 % 
      
• S. Amerika 2.767 4.772 4.926 12,7 % + 3,2 % 
      
  - Brasil 1.750 3.000 3.125 8 % + 4,17 % 
      
• Asia 6.926 12.951 14.209 36,5 % + 9,71 % 
      
    - China 1.899 5.790 6.636 17 % + 14,61 % 
      
• Europa 5.353 6.809 6.672 17,10 % - 2 % 
      
• Oceania 345 411 424 1,1 % + 3,16 % 
      
• Asean 1.702 2.999 3.190 8,28 % + 6,37 % 
  - Indon. 591 1.201 1.317 41,3  
   - Bunr. 6 8 8 0,25  
  - Mal. 285 530 530 16,6  
   - Phil. 205 335 360 11,3  
  - Sing. 45 40 40 11,25  
  - Thail. 440 685 735 23  
  - Vietn. 130 200 200 6,30  



 
 
 
 
 

EIEREN PRODUCTIE  (1000 MT) 
 
Tabel 7 

  
'89 

 

 
'95 

 
'96 

 
'97 

 
% 

 
% groei '95-'97 

Wereld 34.253 43.096 45.494 46.925  + 8,8 % 
       
• Afrika 1.399 1.756 1.692 1.736 3,7 % - 1,14 % 
       
• N. & C. Amerika 5.683 6.414 6.530 6.604 14 % + 2,96 % 
       
  - US 3.927 4.417 4.517 4.506 9,6 % + 2,01 % 
       
• Z. Amerika 2.197 2.623 2.634 2.683 5,8 % + 2,28 % 
       
• Asia 13.475 22.565 25.184 26.565 56,6 % + 17,73 % 
       
  - China 5.950 13.699 15.946 17.214 36,6 % + 25,65 % 
       
• Europa 11.277 9.512 9.237 9.119 19,4 % - 4,13 % 
       
• Ocean 241 224 216 216 0,5 % - 3,6 % 
       
• Asean 1.368 1.849 2.006 2.079 4,45 % + 12,44 % 
     - Thail. 367 445 489 495 23,8 % + 11,24 % 
  - Indon. 369 588 633 675 32,5 % + 14,8 % 
  - Mal. 250 354 360 360 17,3 % + 1,7 % 
  - Phill. 272 305 363 390 18,75 % + 27,87 % 
  - Sing. 16 18 18 16 0,77 % - 11,11 %  
  - Burn. 3,15 3,2 3,2 3,2 0,15 % 0 % 
  - Vietnam 
 

91,8 136 140 140 6,93 % + 2,95 



 
 
 
 

 
INVOER – UITVOER  KIPPEVLEES  (x 1.000 Ton) 

 
 
Tabel 8 
 

 
 
 

 
1990 

EXP                    IMP 

 
1995 

EXP                    IMP 

 
1996 

EXP                    IMP 

 
% ev. '95 – '96 

EXP                    IMP 
Wereld 2.200 2.177 4.553 4.256 5.361 4.442 17,75 4,4 
         
• Afrika 2 90 1 121 2 100 + 50 - 17,35 
         
• N & C 

Amerika 
 

537 198 1.859 272 2.177 291 17,10 7 

    - US 529 1 1.812 2 2.130 2 17,55 0 
         
• S. Amerika 
 

327 11 452 51 591 60 30,73 17,65 

  - Brasil 292 0 429 0 559 0 30,3 0 
         
• Asia 285 958 788 2.101 1.019 2.238 29,3 6,5 
         
  - China 38 65 258 253 305 308 18,2 21,74 
         
  - Japan 7 291 3 536 3 547 0 2,05 
         
• Europe 1.046 618 1.444 1.684 1.562 1.725 8,17 2,43 
         
• Ocean 1 25 8 28 9 28 12,5 0 
         
 
 



 
 
 
 
 

INVOER – UITVOER EIEREN (x 1.000 Ton) 
 
Tabel 9 
 

 
 
 

 
1990 

EXP                    IMP 

 
1995 

EXP                    IMP 

 
1996 

EXP                    IMP 

 
% ev. '95 – '96 

EXP                    IMP 
Wereld 830 815 992 754 849 859 7,20 13,9 
         
• Afika 2 12 4 12 5 12 25 0 
         
• N & C 

Amerika 
40 36 84 43 88 45 4,75 4,65 

         
  - US 36 8 75 3 78 3 4 0 
         
• S. Amerika 6 5 18 11 6 6 - 66 - 45 
         
• Asia 93 170 103 208 114 239 10,7 14,9 
         
    - China 28 - 27 - 34 - 25,9 0 
         
• Japan - 1 - 2 - 2   
         
• Europa 677 587 582 480 635 556 9,1 15,8 
         
• Ocean. - - - - - - - - 
         
 
 
 
 
 



 
 
 
 
 

EIEREN – CONSUMPTIE kg/pers./jaar 
 
Tabel 10 
 
 

 
 
 

 
' 85 

 
' 90 

 
' 94 

 
' 95 

 
% groei '90-'95 

• US 14,54 12,97 13,35 13,11 1 % 
      
• Asean      
      
    - Burn. 10,55 9,98 12,06 14,95 49,8 % 
   - Indon. 1,81 2,2 2,16 2,26 2,73 % 
    - Mal. 10,14 13,43 13,85 13,76 2,46 % 
    - Phil. 4,14 5,20 4,85 4,96 - 4,6 % 
  - Vietn. 1,96 2,16 2,50 2,51 16,20 % 
      
• China 4,66 6,39 11,29 12,66 98 % 
      
• Japan 16,93 18,76 19,86 19,78 5,4 % 
      
• België 13,33 11,83 14,54 13,92 17,7 % 
      
• India 
 

1,02 1,31 1,38 1,44 10 % 

 
 
 
 
 
 



 
 
 
 

 

 

KIPPEVLEES – CONSUMPTIE kg/pers./jaar 
 
Tabel 10 (bis) 
 
 

 
 
 

 
' 85 

 
' 90 

 
' 94 

 
' 95 

 
% groei '90-'95 

• US 30,66 39,61 43,9 43,76 10,5 % 
      
• Asean      
      
      - Burn. 26,28 53,98 59,17 57,11 5,8 % 
      - Indon. 1,97 2,65 4,20 4,41 66,5 % 
      - Mal. 15,43 20,52 33,02 33,06 61 % 
      - Phil. 3,48 3,98 5,74 5,96 49,8 % 
      - Vietn. 2,5 2,42 2,4 2,4 0 % 
      
• China 1,8 3,16 6,7 8,15 158 % 
      
• Japan 11,81 13,48 14,17 14,95 10,90 % 
      
• België 12,69 16,16 20,44 22,77 40,9 % 
      
• India 
 

0,21 0,48 0,55 0,56 16,7 % 
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ABSTRACT 
During the 1997-1998 classical swine fever epidemic in the Netherlands a geographical information system was 
used to support spatial related eradication measures and to give visual impressions of various eradication 
measures and their impact on the course of the epidemic. The geographical information system turned out to be 
an effective, helpful and indispensable tool. However, the usefulness of the geographical information system for 
some eradication measures relies on the exactness of the (x;y) co-ordinates of the farm locations. Therefore, co-
ordinates of all farm locations that are not exact will be upgraded in the next year. Furthermore, integration or 
linkage of databases of all involved parties is essential to increase efficiency and to avoid mistakes that are 
almost unavoidable in complex conversion processes with very little or no time to test. Part of this integration 
has already been carried out, but more work has to be done to be optimally prepared for another emergency.  
 
 
 

SAMENVATTING 
Tijdens de uitbraak van varkenspest in 1997-1998 in Nederland werd een geografisch informatie systeem 
gebruikt ter ondersteuning van aan gebieden gerelateerde bestrijdingsmaatregelen en voor het visualiseren van 
verschillende bestrijdingsmaatregelen en hun invloed op het verloop van de epidemie. Het geografisch 
informatie systeem bleek een effectief, nuttig en onmisbaar hulpmiddel te zijn. Echter, voor sommige 
bestrijdingsmaatregelen is de toepasbaarheid van een geografische informatie systeem afhankelijk van de 
nauwkeurigheid van de (x;y) coördinaten van bedrijfslocaties. Daarom worden alle onnauwkeurige coördinaten 
van bedrijfslocaties komend jaar gecorrigeerd. Verder is het essentieel dat databases van alle betrokken partijen 
worden geïntegreerd of gekoppeld. Dit vergroot de effectiviteit en voorkomt fouten die vrijwel onvermijdelijke 
zijn bij ingewikkelde conversies met nauwelijks of geen tijd om te testen. Inmiddels is die integratie gedeeltelijk 
tot stand gebracht. Maar om optimaal voorbereid te zijn op een nieuwe calamiteit moet nog veel werk verzet 
worden. 

 
 
 



1 INTRODUCTION 
From February 1997 through March 1998 the Netherlands suffered a large epidemic of classical swine fever 
(CSF). The area affected had the highest pig density in the Netherlands with between 2,500 and 2,900 pigs per 
km2 and an average of 1,000 pigs per farm (2). During the epidemic more than 700,000 pigs in 429 infected 
herds were destroyed and more than 1.1 million pigs in approximately 1,290 herds were exterminated in 
preventive depopulation operations. Furthermore, because of welfare issues over 9.2 million pigs from 
overstocked farms were rendered under a programme supported legally and financially by the European 
Commission (2).  
 
The eradication of CSF was based on directive EU80/217 (1) complemented with additional eradication 
measures such as preventive depopulation of contact and neighbouring herds, compartmentalisation of transport, 
monthly serological screening in established surveillance areas and supervised repopulation of all farms in the 
former surveillance areas (2).  
 
Due to the contagiousness of CSF, several eradication measures are spatial related like establishing protection 
and surveillance zones, preventive depopulation of neighbouring herds and final serological screenings 
preceding the withdrawal of restrictions in surveillance areas. Geographical information systems (GIS) can be 
very helpful in supporting these spatial related eradication measures. In this paper the authors discuss the role 
and application of a geographical information system in eradicating CSF, based on experiences during the 1997-
1998 CSF epidemic in the Netherlands. 

2 GEOGRAPHICAL INFORMATION SYSTEM 
A GIS is an information system that can work with spatial referenced data. It has a range of functions which can 
be used to query, visualise, explore and analyse this kind of data. The strength of a GIS is its ability to combine 
data which is spatial referenced with attributes linked to this spatial reference. As an example, herd ownership, 
herd size, herd type or animal disease status can be linked to the geographical location of the herd, and livestock 
density, disease prevalence per km2 or disease incidence per km2 per time period can be linked to a previously 
defined area. 

3 THE DUTCH GEOGRAPHICAL INFORMATION SYSTEM 
In 1995-1997 the Animal Health Service (AHS) in the Netherlands developed a GIS to support disease control 
and disease eradication programmes. This GIS consists of the mapping software MapInfo©, a database with (x;y) 
co-ordinates of all farm locations in the Netherlands, digitised topographical colour maps of the Netherlands 
(scale 1:25,000 and 1:125,000) and databases of the AHS with herd and disease related data.  
 

4 THE STRUCTURE OF THE CSF/GIS DURING THE 1997-1998 EPIDEMIC 
At the onset of the epidemic of CSF a separate GIS/CSF database was created at the AHS. This database 
consisted of all necessary and within the AHS available data of swine herds to support the eradication of CSF. 
Herd data such as ownership, farm address, herd type (multiplier, finishing or mixed herd, artificial insemination 
centre, hobby farm or children’s zoo) and veterinarian was available from the Herd Identification Database 
(HerdID). Herd size and number of animals per category (sows, replacement gilts, finishing pigs) was available 
from the national monitoring programme for swine vesicular disease.  
 
Emergency related data available from the local crisis centre (LCC), and needed to apply the GIS functions was 
also added to the GIS/CSF database. This data consisted among others of dates of depopulation, sequence 
number of infected herds, contact or neighbouring herds in case of preventive depopulation and actual counts of 
animals present at the farm (boars, sows, suckling piglets, weaned piglets, rearing gilts and finishing pigs 
separately). 
 
Several databases were created during the epidemic, containing information of different types of areas (based on 
restriction policies). The GIS department of the AHS received the formal and authorised description of new or 
altered protection and surveillance zones or other areas from the national disease control authorities. These 
descriptions were outlined in a layer of the GIS by using the 1:25,000 topographical map of the Netherlands as a 
backdrop. Dependent on the restriction policies in the area a specific amount of data was added like name of the 
area, related infected herd, type of restrictions and date of establishment, modification and withdrawal of that 
area.  
  



5 SOME APPLICATIONS OF THE GEOGRAPHICAL INFORMATION SYSTEM 
During the course of the epidemic the GIS performed many different tasks: 
- The most important task was to select and identify herds in areas for assigning them to specific measures 
applicable in these areas. The relevant information was send to the responsible department(s) and organisations 
involved in the eradication of CSF, mainly as an electronic file. 
 
- The GIS was also used to support decision making by providing maps to visualise particular situations. Except 
for direct support of spatial related eradication measures the GIS was also used to produce thematic maps to give 
visual impressions of various eradication measures and if applicable, their impact on the course of the epidemic.  
Apart from the disease control authorities, these maps were of interest (and actually distributed) to the Ministry 
of Agriculture, Nature management and Fisheries (LNV), the Permanent Veterinary Committee (PVC) in 
Brussels, the pig related industries, farmers and the public. 
 
Some specific examples of the use of the GIS in eradicating CSF will be presented next: 
- For each suspect or newly infected herd a map of the neighbourhood (scale 2.5 by 2.5 km) and exact location of 
the farm was produced by the GIS and faxed to the national crisis centre (NCC) and the LCC. A digitised colour 
map of the Netherlands (scale 1:25,000) was used as a backdrop. Next to the map all relevant information of the 
farm involved was printed. This map was intended to support the NCC in preparing the protection and 
surveillance zones.  
 
- The polygons bounding protection and surveillance zones or other areas were used to select and assign herds to 
control measures specific for these areas. The unique name of the surveillance zone and, if applicable, the 
identification number of the protection zone in which a herd was located was added to the herd records in the 
GIS/CSF database. This information was then send as an electronic file to the LCC and added to the local CSF 
database to support the enforcement of disease eradication measures specific for these areas. Mail to herd owners 
in new restriction areas was send the same day to inform them as soon as possible about the restriction policies 
applicable for their herd. Furthermore, a list with unique farm numbers (UBN) and the total number of sows, 
rearing gilts and finishing pigs within the surveillance zone was send to the NCC to give insight in the magnitude 
arising from newly established or altered surveillance zones. 
 
- Restrictions (transport ban) in areas under surveillance with a distance from at least 10 km to herds infected 
during the past six weeks, could be withdrawn if randomly selected blood samples on all farms in that area tested 
negative for antibodies to CSF virus (2). The GIS was used to indicate these areas by outlining a circle with a 
radius of 10 km around each herd which was infected during the previous six weeks. Areas under surveillance 
not covered by a circle qualified for final serological screening. The maps were send to the screening department 
of the LCC to support the outlining of areas available for final serological screening. 
 
- After the implementation of a programme for buying out pigs from overstocked farms for welfare reasons, the 
responsible department received an electronic file prepared with the GIS, every time a new surveillance zone 
was established or an existing surveillance zone was altered or withdrawn. The file consisted of all relevant 
information to support the buying out programme in the different surveillance zones. The GIS was also used to 
produce maps on which the different surveillance zones were shaded or coloured according to the type of buying 
out applicable in these areas. These maps were published in the weekly information bulletin of the LCC. 
 
- Two months after the start of the epidemic, the infection was observed to spread more rapidly in the 
neighbourhood of herds that had experienced infection earlier (2). In order to prevent these neighbourhood 
infections, in mid April 1997 the policy of preventive depopulation was adopted for pig farms within a radius of 
500 m and later within a radius of 1 km of an infected herd. The GIS was used to select all pig farms within a 
radius of 1 km from the infected farm. This selection was send to the culling department of the LCC to support 
decision making of which herds had to be preventively depopulated. A map of the local situation (scale 3.25 by 
3.25 km) was also send to the culling department of the LCC to visualise the situation on the spot by ‘a bird eye 
view’. On this map two circles with radii of 500 m and 1 km respectively were outlined around the infected farm 
location. The locations of neighbouring farms labelled with their UBN, and their status (infected, preventive 
depopulated), identified by using different mapping symbols, were indicated on this map.  
 
- For tracking down farms with carrier sows serological interim screenings on all farms in the restricted areas 
were executed from August 1997 on (2). The GIS was used to divide the restricted areas in forty-four blocks of 
approximately the same size by complying with ‘natural borders’. Next, herds in the CSF database were tagged 
with the applicable identification number of the block. This data was send to the LCC to support the enforcement 



of the interim screening in such a way that the results of the serological screening could also be used as a final 
screening.    
 
- A dot map was produced to show the density of pig farms in (parts of) the Netherlands. A dot map was also 
used to visualise the location of infected and preventively depopulated farms in relation to  date of detection and 
date of preventive depopulation respectively and in relation to the topography of the concerned area. These 
weekly produced maps were used to visually inform the disease control authorities, the Ministry of LNV and the 
PVC about the spread of the infection, the progress of the eradication and the impact of eradication measures on 
the course of the epidemic. 
 
- A map on which the surveillance zones and other restriction areas were coloured according to the type of 
restriction policies was placed on the Internet home page of the Ministry of LNV to inform farmers, pig 
transporters and public. 
 

6 SHORTCOMINGS OF THE APPLIED GEOGRAPHICAL INFORMATION SYSTEM 
Two major shortcomings became more and more clear while operating the GIS during the epidemic. 
First of all, the (x;y) co-ordinates for approximately 20% of the herds was not accurate enough to pinpoint the 
exact location of the herd, although most of them were only a few hundred meters off. In most cases selections 
of herds in specific areas resulted in less than one percent errors because of this inaccuracy. Several measures 
were taken to reduce this number of errors further and to improve the quality of the co-ordinates of the herds. 
However, especially for preventive depopulation of herds within 1 km of an infected herd, the culling 
department could not entirely rely on the information from the GIS. Field observations on the spot were often 
necessary to make sure no herds were overlooked. Secondly, the GIS/CSF database was a standalone database 
and had to be updated by frequently deriving the necessary information from the databases of the AHS. The 
GIS/CSF database was also separated from the CSF database used at the LCC. To keep both CSF databases 
consistent there had to be a frequent exchange of information between the two databases. Updating the separate 
databases was a time consuming and labour-intensive process, becoming more and more complicated as the 
complexity of the separate databases increased.  

7 CONCLUDING REMARKS 
The ability of a GIS to treat spatial referenced data proofed to be effective and of great value in eradicating CSF 
in the Netherlands. Some of the most important eradication measures are area related. In large epidemics many 
areas, each with its own eradication measures in effect, can exist at the same time. In such a situation the 
application of a GIS is almost indispensable to keep the enforcement of area related eradication measures 
manageable.  
 
Visualising the spread of the infection, the progress of the eradication and the impact of eradication measures on 
the course of the epidemic by using different types of maps increased a clear insight in the actual situation and 
supported decision making. It was therefore a very useful additional information source and appreciated by 
disease control authorities and others involved in eradicating CSF. 

The inaccuracy of  farm locations caused some problems, especially in supporting the culling department in 
deciding which neighbouring farms had to be preventively culled. Therefore, a project started in 1998 to exactly 
locate all farms in the Netherlands. It is expected to be finished in July 2000. 

 
The problems arising from using different, not integrated databases is meanwhile partly solved. The (x;y) co-
ordinates of farm locations are now connected to the herd identification database of the AHS. Furthermore, the 
GIS has now direct access to most of the databases of the AHS. Labour intensive updates are therefore no longer 
necessary. Momentarily, the National Inspection Service for Livestock and Meat of the Ministry of LNV have  
intentions to develop a new database to replace the database used at the LCC during the 1997-1998 epidemic of 
CSF. This newly developed database will be directly linked to the existing configuration at the AHS. It is 
expected that the development of this new database will be started before the end of this year. 
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ABSTRACT 

 
The aim of this study was to evaluate differences in haematological findings and clinical response, between non-
vaccinated and E2 sub-unit marker-vaccine vaccinated pigs, after an infection with classical swine fever (CSF) 
virus. 
Forty-five animals were housed in 3 adjacent pens of an isolation unit. All pigs in pen 3 were vaccinated two 
times with four weeks interval. Two weeks after the last vaccination one randomly chosen animal in pen 2 was 
experimentally inoculated with CSF virus. Virus transmission between pigs in the same pen was possible by 
direct contact, whereas virus spread from pen 2 to pens 1 and 3 (adjacent pens) was only possible by airborne 
contact. During the 60 days observation period, blood samples for virological and serological examination were 
collected every other day. Also clinical examination was performed every other day.  
In pen 1 al pigs became viraemic between 19 and 29 days post inoculation (dpi), in pen 3 only seven pigs 
became viraemic between 39 and 57 dpi. Viraemia in vaccinated pigs was only detectable by means of PCR. 
The speed of virus spread by direct and indirect contact was significantly different between vaccinated and non-
vaccinated pigs. Compared to a vaccinated pig, a non-vaccinated pig in an adjacent pen was 65.3 (p=0.61) times 
more likely to become viraemic as the result of an indirect contact infection. 
The mean time between infection and seroconversion in non-vaccinated pigs was 11 days. The mean time 
between primo vaccination and seroconversion was 27 days. 
In the non-vaccinated pigs (pens 1 and 2) more than 40% of the pigs died due to CSF infection. There was a 
marked raise of the mean rectal temperature and a drop of the feed and water intake. In both pens (1 and 2) 
important clinical symptoms (conjunctivitis, apathy, cachexy, erythema, cough) were to be observed. In the 
vaccinated group no mortality due to CSF infection was noticed. There was no raise of the mean rectal 
temperature and no decrease of feed and water intake.  
It could be concluded that vaccination was able to protect pigs from clinical course of infection and to delay the 
time to infection, but not to prevent infection. The slow serological response after vaccination could be a 
hindrance for the use of the vaccine in emergency vaccination programs. 
 
 

SAMENVATTING 
 
Het doel van deze studie was het analyseren van het verschil in klinische en haematologische respons tussen E2 
sub-unit marker vaccin gevaccineerde en niet gevaccineerde varkens, na een infectie met het klassieke 
varkenspest (KVP) virus. 
Hiertoe werden er 45 varkens gehuisvest in drie naast mekaar gelegen hokken. Alle varkens in hok drie werden 
twee maal gevaccineerd met vier weken interval. Twee weken na de laatste vaccinatie werd er één at random 
geselecteerd varken uit hok twee experimenteel geïnfecteerd. Virusverspreiding tussen de varkens van een zelfde 
hok was mogelijk door direct contact, virus verspreiding naar de naburige hokken (1 en 3) was enkel mogelijk 
door middel van indirect aërogeen contact. Gedurende de observatieperiode (60 dagen) werden er om de twee 
dagen van alle varkens bloedstalen genomen voor virologisch en serologisch onderzoek en werd er een klinisch 
onderzoek uitgevoerd.  
Alle varkens in hok 1 werden viraemisch tussen 19 en 29 dagen na infectie (dni), in hok 3 werden er zeven 
varkens viraemisch tussen 39 en 57 dagen na infectie. Bij de gevaccineerde varkens was de viraemie enkel 
detecteerbaar door middel van PCR. 
De snelheid van virusverspreiding door direct en indirect contact was significant verschillend tussen hok 1 en 
hok 3. Een niet gevaccineerd varken in een naburig hok had 65.3 (p=0.61) maal meer kans dan een gevaccineerd 
varken om viraemisch te worden als gevolg van een indirecte contact infectie. 



De gemiddelde duur tussen infectie en seroconversie bij niet gevaccineerde varkens was 11 dagen. De 
gemiddelde duur tussen vaccinatie en seroconversie was 27 dagen. 
Bij de niet gevaccineerde varkens (hok 1 en 2) stierf meer dan 40% van de dieren als gevolg van de KVP 
infectie. Er was een duidelijke stijging van de gemiddelde rectale temperatuur en een daling van de voeder- en 
drinkwateropname. In beide hokken werden er duidelijke klinische symptomen (conjunctivitis, apatie, cachexie 
erytheem, hoest) waargenomen. In de gevaccineerde groep werd er geen sterfte als gevolg van een KVP infectie 
waargenomen. Er was ook geen stijging van de gemiddelde rectale temperatuur en geen daling van de voeder- en 
drinkwateropname. 
Als conclusie kan er gesteld worden dat vaccinatie met een E2 sub-unit vaccin in staat is varkens te beschermen 
tegen de klinische symptomen van een KVP infectie. Het vaccin is tevens in staat het moment van infectie uit te 
stellen maar het kan de infectie niet voorkomen. Bovendien kan de trage serologische respons na vaccinatie een 
beperking zijn voor het gebruik van het vaccin in een noodvaccinatieprogramma. 
 
 

INTRODUCTION 
 
Since 1990, the control of classical swine fever (CSF) in the European Union is based on a policy of non-
vaccination and stamping-out. This policy has been imposed partially because of lack of an efficacious vaccine 
enabling differentiation between vaccinated and infected pigs (Pastoret et al., 1997). Recent outbreaks, without 
application of emergency vaccination, have made clear that eradication according to present legislation may be 
very expensive under certain circumstances, in particular in areas with high pig density (Lamsens, 1992; 
Vantemsche, 1995; Pittler et al., 1995). In recent years, progress has been made in the development of marker 
vaccines and respective diagnostic tests. It has been shown that the E2 sub-unit marker vaccines were able to 
protect pigs from a clinical course of a CSF infection (König et al., 1995; van Rijn et al., 1996; Peeters et al, 
1997).  
In order to asses the applicability of a marker vaccine in emergency vaccination strategies, information about the 
reduction of virus reproduction and the virus spread in vaccinated pigs is a prerequisite.  
This paper describes the effect of an E2 sub-unit marker-vaccine against CSF on the clinical course of the 
disease and on the spread of the virus during an experimental infection of vaccinated and non-vaccinated pigs.  
 

MATERIALS AND METHODS 
 

� Pigs:  
 
45 conventional weaner pigs were used ( Belgian Landrace x Pietrain). 
On the day of experimental inoculation the average weight of the pigs was 50 kg. 
 
� Challenge: 
 
Two 2 weeks post booster vaccination, one pig was experimentally inoculated with 4 ml CSF suspension 
(Lorraine –strain), 10³ TCID50/ml. 
 
� Vaccine: 
 
The vaccine used was an E2 sub-unit marker-vaccine (Porcilis Pesti, Intervet BV). 
The pigs were vaccinated twice with 4 weeks interval. 
 
� Experimental design 
 
Upon arrival, the pigs were randomly allocated to one of 3 adjacent pens of an isolation unit (Figure 1). The 
dimensions of the pens were: 610x245x130 cm, the partition of the pens was made by a solid wall preventing 
direct contact between pigs of different pens. 
After an acclimatisation period all pigs in pen 3 were vaccinated twice. 
Two weeks after booster vaccination one randomly chosen pig in pen 2 was experimentally inoculated. 
 
During post inoculation period pens were visited every other day following a strict visiting route (Figure 1). 
 
 
 



Figure 1: Visiting procedure during post inoculation period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
� Clinical examination 
 
During the post inoculation period all pigs were clinically examined every two days. The following information 
was monitored: rectal temperature, liveliness (apathy), body condition (cachexy), coughing, conjunctivitis, 
diarrhoea, ataxy and erythema 
Mortality and feed and water intake per pen were recorded daily. 
 
� Sample analyses 
 
Analyses done on all samples: 

- Virus isolation (VI) in leucocytes and whole blood. 
- Antibody detection in serum by means of virus neutralisation test and CTB-

ELISA test. 
Analyses only done on the samples of the pigs in pens 1 and 3: 

- Virus isolation in serum by single tube RT-nPCR. 
- Discriminating antibody detection by Erns ELISA (Chekit CSF-Marker, 

Bommeli AG). 
 

� Data analyses 
 
In order to make it possible to quantify the spreads of CSFV by direct and indirect contact, the following 
assumptions were made: 

- Non-vaccinated pigs became infected 4 days prior to first positive VI. 
- Non-vaccinated pigs became infected by direct contact if first positive VI was 

observed 4 days or more after the first pig in the same pen became positive on VI. 
- Vaccinated pigs are not infectious during their viraemic period (assumption 

based on recent findings by Bouma et al, 1999) 
 
The spread of CSFV by direct or indirect contact in vaccinated or non-vaccinated pigs in adjacent pens was 
examined with Kaplan-Meier survival analysis (SPSS). 
The spread of CSFV by indirect contact from pigs in pen 2 to indirect contact infected vaccinated or non-
vaccinated pigs in adjacent pens was quantified with Cox proportional hazard analysis (SPSS). 
Differences in occurrence of clinical symptoms between the pens were analysed with chi-square test (Statistics). 
Differences in numbers of clinical symptoms were analysed using one-way ANOVA (SPSS). 
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RESULTS 
 
Figure 2: Clinical and haematological findings in pigs in pens 1, 2 and 3 after experimental inoculation of one 
pig in pen 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
� Virus spread towards and within pen 1 and pen 3 
 
Detection of viraemia with virus isolation: 

- pen 1: all pigs became positive between 23 and 31 dpi 
- pen 3: no positive cases 

 
Detection of viraemia with PCR: 

- pen 1: all pigs became positive between 19 and 29 dpi 
- pen 3: 7 pigs became positive between 39 and 57 dpi 

 
The speed of the virus spread by direct and indirect contact was significantly different (p<0.001) between pens 1 
and 3 (Kaplan-Meier). 
Once the first pig in a pen became viraemic the spread of the virus was completed earlier (p<0.001) within pen 1 
as compared to pen 3 (Kaplan-Meier). 
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A non-vaccinated pig in an adjacent pen was 65.3 (p= 0.61) times more likely to become viraemic by indirect 
contact as compared to a vaccinated pig (Cox proportional hazard analysis). 
 
� Serological response 
 
The mean time between primo vaccination and first seroconversion in the vaccinated pigs was 27 days (23-33 
days). 
In the experimentally inoculated pig, the first neutralising antibodies were detected 11 dpi. The mean time from 
infection to seroconversion in non-vaccinated pigs was also 11 days (ranging from 7 to 17 days). 
 
� Clinical Findings 
 
In each of the non-vaccinated pens six pigs died during the observation period (41.4%). In these pens there was 
also a marked raise of mean rectal temperature and drop of feed intake. Only in pen 1 there was also a marked 
drop of water intake. 
The raise of the rectal temperature occurred almost simultaneously with the viraemic period. The drop of feed 
and water intake only occurred 10 days later.  
The most common clinical findings in the non-vaccinated pigs were erythema (97%), conjunctivitis (76%), 
apathy (62%), ataxy (59%), cachexy (31%), cough (14%) and diarrhoea (10%) (Table 1). 
 
In pen 3 (vaccinated pigs) only one pig died, due to an unknown cause. No raise of mean rectal temperature and 
no decrease of feed and water intake were noticed. Only one pig had some minor clinical symptoms not specific 
for a CSF infection. 
 
 
Table 1: Clinical symptoms during post inoculation period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 
� Virus spread towards and within pen 1 and pen 3 
 

Clinical sign Pen 1   (14 pigs) Pen 2   (15 pigs) Pen 3   (15 pigs) 

n 1 observations 2 n 
1 observations 2 observations 2 

 Mortality**  6 - 6 - 0 - 
n 1 

Fever* 10 9.3 (3.9) 12 9.7 (3.9) 1 5.0 

Apathy* 9 7.0 (3.5) 9 5.8 (3.5) 0   - 
Ataxy *  8 6.3 (3.5) 9 5.7 (5.9) 0   - 
Cachexy 4 5.5 (2.9) 5 4.8 (4.2) 0   - 
Diarrhoea 1 2.0 2 5.0 (1.4) 0 - 
Conjunctivitis* 11 6.0 (3.0) 11 9.7 (5.8) 0 - 
Cough 0 - 4 2.0 (0.8) 0 - 
Erythema *  13 10.4 (4.1) 15 11.5 (4.1) 1 5.0 

1 number of animals per pen with two or more subsequent observations of the clinical sign 
2 mean number of observations of the clinical sign and its standard deviation 
*Significant difference between the pens in the overall chi-square test (p < 0.01); In the two by two table there was  
  a significant difference (p < 0.01) between pens 1 and 3 and between pens 2 and 3; between pens 1 and 2 there was  
  no significant difference  
**   No significant difference between the pens in the overall chi-square test (p= 0.06). In the two by two table there was 
     a significant difference (p < 0.05) between pens 1 and 3 and between pens 2 and 3; between pens 1 and 2 there was  

    no significant difference 



The first viraemia in a vaccinated pig (pen 3) only occurred 20 days after first viraemia in a non-vaccinated pig 
(pen1). Not only the time to the first viraemic pig was delayed by vaccination, but also the time to the following 
infections (once the first pig in a pen got infected) was significantly delayed in the vaccinated pen. 
The mean duration of viraemia of a vaccinated pig (detected with PCR) was 6 days. It remained unknown if 
these vaccinated pigs were infectious during their viraemic period. In experiments performed by Bouma (1999) 
virus transmission to susceptible sentinel pigs was prevented in nearly all groups of pigs vaccinated with the E2 
sub-unit vaccine. 
 
� Serological response 
 
First detectable serological response in vaccinated pigs occurred on average 27 days (23-33 days) after primo 
vaccination. The serological response after a natural infection occurred on average 11 days (7-17 days) after 
infection.  
 
� Clinical findings 
 
There was no mortality due to a CSF infection in the vaccinated pen. 
There was only one pig with some minor clinical symptoms which were not specific for a CSF infection. These 
findings are comparable to previous findings suggesting that the vaccine is capable of preventing pigs from 
clinical signs and mortality due to a CSF infection (König et al., 1995; van Rijn et al., 1996; Peeters et al, 1997, 
Bouma et al., 1999). 
 
 

CONCLUSIONS 
 
Vaccination was able to protect pigs from the clinical course of CSF infection. 
Vaccination was also able to delay the time to first viraemia, but it was not able to prevent pigs from infection. 
Infected vaccinated pigs have only a short viraemic period without any clinical symptoms. In view of the use of 
the vaccine in emergency vaccination programs it is essential to know if vaccinated pigs are infectious during 
their viraemic period. 
The slow serological response after vaccination can also be a hindrance for the use of the vaccine in emergency 
vaccination programs. 
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ABSTRACT 
 
Resistance to the commonly used trypanocidal drugs, isometamidium chloride, diminazene aceturate and 
homidium salts, is increasingly reported in Africa. Due to the laboriousness of the currently available tests for 
the detection of drug resistance, however, few studies have been carried out on the epidemiology of drug 
resistance in cattle trypanosomes. In this review the relevant data from two studies are discussed. A large scale 
survey carried out in Zambia, Kenya and Tanzania showed that the prevalence of drug resistance is even more 
widespread than previously thought. The patterns of drug use broadly corresponded with the levels of resistance  
found in trypanosome isolates. In the Ethiopian study it was shown that the drug resistance problems increased 
with increasing vector densities and higher intensities of parasite transmission. The parasites were multi-drug 
resistant at the level of the individual trypanosome. Vector control operations were able to realise a substantial 
decrease in the prevalence of drug-resistant infections.    
 

SAMENVATTING 
 
Resistentie tegen de meest gebruikte trypanocieden - isometamidium chloride, diminazeen aceturaat en de 
homidium zouten - wordt in toenemende mate gerapporteerd in Africa. Ten gevolge van de omslachtigheid van 
de beschikbare testen voor de detectie van trypanociede resistentie werden slechts weinig studies uitgevoerd om 
de epidemiologie van resistentie tegen trypanociede producten te bestuderen bij rundertrypanosomen. In dit 
artikel worden de relevante gegevens van twee dergelijke onderzoeken besproken. Een grootschalige survey in 
Zambia, Kenya en Tanzania toonde aan dat de prevalentie van resistente trypanosomen nog hoger was dan tot nu 
toe werd gedacht. Een duidelijke correlatie was aanwezig tussen de intensiteit van het gebruik van trypanocieden 
en de prevalentie van resistente trypanosomen in de bestudeerde regio’s. In Ethiopië kon worden aangetoond dat 
de resistentie problemen toenamen met toenemende densiteit van de vector en de daarmee samenhangende 
verhoogde  transmissie-intensiteit van de parasiet. Multipele resistentie werd aangetoond in individuele 
trypanosomen. Vector controle interventies waren in staat om de prevalentie van resistente trypanosomen 
merkelijk te verminderen. 
 

1. INTRODUCTION 
 

Trypanosomiasis remains one of the major diseases of cattle in Africa. Thirty seven countries covering about 10 
million km2 in sub-Saharan Africa are involved . The economic losses to agricultural production are estimated at 
4.5 billion USD per year (2). The disease is controlled by measures against the vector, Glossina spp., against the 
parasite, by using trypanotolerant cattle breeds showing some degree of genetic resistance against the disease or 
preferably by an integrated approach combining different control measures. Trypanocidal drugs, however, still 



remain the principal method of animal trypanosomiasis control in most African countries. Isometamidium 
chloride, diminazene aceturate and homidium salts are the drugs which are most commonly used to treat the 
disease. These drugs are now in use since more than 35 to 40 years and there is growing concern that their future 
effectiveness may be severely curtailed by widespread drug resistance. So far, resistance to one or more of the 
three trypanocidal drugs used in cattle has been reported in at least 13 African countries (6). However, this is 
probably an underestimation of the true situation, because in many countries surveys for resistance have not been 
carried out. Most of the currently available information is derived from case reports and does not give any 
indication of the prevalence of resistance in a region or on an area-wide basis. 
 

2. TRYPANOCIDAL DRUG USE AND RESISTANCE DEVELOPMENT 
 
Isometamidium (ISMM) is used as a prophylactic treatment against trypanosomiasis. The duration of the 
protection period is highly variable and depends on many factors (15). However, under normal circumstances it 
lasts about 3 months. Diminazene aceturate is used as a curative treatment . Although it is rapidly excreted, it 
still has a remanent effect of about two to three weeks. Depending on the intensity of trypanosome challenge 
either ISMM is used as a chemoprophylactic treatment or only curative diminazene treatments are administered. 
When the Berenil Index (BI = average number of trypanosome infections per animal per year) is > 6, animals are 
kept under continuous prophylactic treatment (i.e. ISMM every three months) (22). In order to avoid the 
development of drug resistance, the use of the so called “sanative pair” has been advocated. This means that after 
the continuous use of ISMM or homidium at least once a year diminazene is used to clear any trypanosomes, 
which might have developed resistance to ISMM or homidium (1,22). However, the application of the sanative 
pair is very often not respected, because the availability of trypanocidal drugs in many areas of Africa is far from 
optimal. Furthermore, small farmers have the tendancy to underdose their animals because they underestimate 
the weight of their animals (10) or for economical reasons (drugs are expensive and poor farmers often dilute the 
drug too much). Substandard or counterfeit trypanocidal drugs are also a serious problem on the African 
continent (4). All these factors have contributed to the development of drug resistance. Resistance to ISMM and 
homidium salts developed very fast after the introduction of the drugs in the fifties, whereas resistance to 
diminazene developed more slowly, probably because it is excreted more rapidly and the period of exposure to 
subtherapeutic concentrations is shorter than for ISMM. Currently, however, resistance to both drugs is relatively 
widespread. The occurrence of multiple resistance (both against ISMM and diminazene) is also increasing quite 
rapidly (6).  
At present, three types of techniques are commonly used to detect resistance: tests in ruminants, test in mice and 
in vitro assays. The inconvenient of all these tests is that they are very laborious and time consuming,  taking at 
least 60 to 100 days before the results are available (17). The currently used in vitro techniques are not very 
suitable for the assessment of drug resistance in Trypanosoma congolense or T. vivax (Clausen, pers. comm). 
Research is currently going on in order to develop biochemical tests or to identify genetic markers for resistance 
to trypanocidal drugs with the aim of developing a rapid PCR-based test (6). Up to now, however, such tests are 
not yet available. 
 

3. FIELD STUDIES ON DRUG RESISTANCE 
 
Only few studies have been carried out on the epidemiology of trypanocidal drug resistance at a regional or area-
wide basis. Two examples are described here for which detailed information is available. The first one covers 
three different countries in East and Southern Africa (Zambia, Tanzania and Kenya) and the other one concerns 
the Ghibe valley in Ethiopia.  
 
3.1. Kenya, Tanzania and Zambia 
 
In order to study the true prevalence of trypanocidal drug resistance in cattle trypanosomes, a survey was carried 
out between October 1996 and December 1998 in three areas in Kenya (Coast, Rift Valley and Western 
provinces), three areas in Tanzania (Coast, Dar-es-Salaam and Tanga regions) and one region in Zambia (Eastern 
province) (14). At 111 sampling sites  about 50 cattle were randomly selected and examined for the presence of 
trypanosomes. This resulted in the collection of 174 T. congolense stabilates (Kenya 86, Tanzania 63 and 
Zambia 71), which were evaluated for sensitivity to isometamidium and diminazene using  a standardised single 
dose test in mice (7). Using discriminatory doses of 1 mg/kg b.w. ISMM and 20 mg/kg b.w. diminazene 26.4 % 
of the isolates were resistant to ISMM, 7.5 % were resistant to diminazene and 25.9 % were resistant to both 
drugs. Overall, 52.3 % were resistant to ISMM and 33.3 % were resistant to diminazene. ISMM and diminazene 
resistance were less common in Zambian stabilates (35.2 and 12.7 % respectively) than in Kenyan stabilates 
(58.1 and 44.1 % respectively). In Kenya’s Coast Province, 64.6 % of the stabilates were resistant to both 
trypanocides, in contrast to just 5.3 % elsewhere in Kenya and 1.4 % in Zambia. Studies on 17 pools of T. 



congolense isolates from 6 sites in Tanzania indicated the presence of resistance to ISMM at 5 sites and 
resistance to both ISMM and diminazene at 3 of the sites. These data correspond very well with the trypanocidal 
use in these areas. In Kenya, farmers in Coast and Rift Valley Provinces are known to use ISMM more 
frequently than in Western province. This was also confirmed by analysis of sera of the examined cattle using 
the ISMM-ELISA (5). This ELISA allows the detection of subnanogram levels of ISMM in the sera of treated 
animals and showed a higher percentage of treated animals in Kenya than in Zambia. In the Eastern province of 
the latter country a survey has been carried out to assess the use of trypanocides by small scale farmers (21). This 
study showed that among  cattle owners using trypanocides, about 95 % were using diminazene, whereas only 
one third were using ISMM. According to the age and the type of  animals, the average number of diminazene 
and ISMM treatments per year was 1.2 to 2 and 1.5 to 1.8, respectively. This trend to use diminazene more 
fequently than ISMM is rather recent and is probably influenced by the current full cost recovery of the drugs. 
This is in contrast with the late eighties, when ISMM was systematically administrated to whole herds as block 
treatments and free of charge. The higher levels of ISMM resistance, which still persist up to date, are probably a 
result of these interventions in the past. 
 
3.2. Ethiopia 
 
Between 1986 and 1992 approximately 600 cattle out of a total of about 1800 present in the Ghibe valley 
(southwest Ethiopia) were included in a field study on drug resistance (18). The cattle were East African zebu 
under traditional village management. Six hundred cattle of varying ages belonging to 7 different herds were 
randomly selected and examined monthly for the presence of trypanosomes using the buffy coat technique (13). 
Parasitaemic animals with a packed cell volume (PCV) below 26 % or showing clinical signs of trypanosomiasis 
were treated with diminazene (3.5 mg/kg b.w.). Tsetse populations were surveyed using baited or unbaited blue 
biconical traps in order to measure the apparent density of the flies and to examine their infection level (8). 
Between 1987 and 1990 there was a threefold increase of the apparent density of Glossina pallidipes. During the 
same period the prevalence of trypanosomiasis rose from 17 to 38 % and the incidence increased from 11 to 24 
%. The percentage of infections (mainly T.congolense) which relapsed following treatment increased from 
approximately 6 % in 1987 to 14 % in 1989 (20). In the latter year 12 T.congolense isolates were collected, 
inoculated into naïve calves  and tested for sensitivity/ resistance to 3 trypanocidal drugs. All 12 were resistant to 
diminazene (7 mg/kg b.w.), whereas 11 out of 12 were resistant to ISMM (0.5 mg/kg b.w.) and homidium 
chloride (1 mg/kg b.w.) (3). From one of these isolates, which was resistant to all 3 drugs, 5 clones were 
prepared and tested for resistance in mice. All showed high levels of resistance to all trypanocides, indicating the 
presence of multiple resistance at the level of the individual trypanosome. The molecular karyotype and the 
electrophoretic variants of 6 enzymes were determined for 7 and 8 of the isolates, respectively. Six different 
karyotypes and all eight of the isolates belonged to different zymodemes, which proves that the multi-resistance 
phenotype expressed by the populations of T.congolense from Ghibe was associated with many genetically 
distinct populations rather than one genotype (3).  
 
Because of the high level of multiple-drug resistant infections, the sanative pair could no longer be used to 
control trypanosomiasis on a long-term basis. Therefore, an integrated control programme involving both tsetse 
fly control and chemotherapeutic agents was implemented in April 1990 (18). Targets impregnated with 
deltamethrin were erected at an avearage density of 4 per km2. Diminazene treatments were only used to treat 
animals with clinical symptoms of trypanosomiasis. The relative density of G. pallidipes fell from  a mean of 1.9 
flies/trap/day in the 12 months prior to the introduction of tsetse control to an average of 0.4 flies/trap/day during 
the first year of the tsetse control activities. Simultaneously with the decline in tsetse density the prevalence of 
T.congolense infections in cattle fell from about 30 % before the tsetse control programme began to an average 
of approximately  5 % in the first quarter of 1991. The prevalence of diminazene resistant infections also 
decreased significantly during this period (18). Thus, despite a high prevalence of multiple-drug resistant 
trypanosome infections in cattle, a decline in the tsetse populations was associated with a substantial decrease in 
the apparent prevalence of these drug-resistant infections. Unfortunately, due to political instability the tsetse 
control operations had to be abandonned by the end of 1991, so that the effects of the programme could not be 
evaluated over a longer period. 
 
In 1993 ten stabilates of T.congolense were again collected at random in the Ghibe valley in order to evaluate the 
drug resistance situation. All of them were resistant to the three commonly used trypanocidal drugs (12). Clones 
of two of these stabilates were characterised in mice for their sensitivity to the 3 compounds and were shown to 
express high levels of resistance to all three trypanocides. This confirmed that multiple resistance was present in 
individual trypanosomes as was the case 4 years before. Furthermore, karyotype analysis of the stabilates 
showed the presence of different chromosome profiles in drug resistant trypanosome populations similar to the 



situation in 1989. This suggests that the drug-resistance phenotype of trypanosomes at Ghibe had not altered 
over a 4 year period (12).  
 
The origin of the drug resistance problem in the Ghibe is not well known, but it is thought that it might be a 
consequence of the large scale use of quinapyramin in the past (19). This drug is known to cause cross-resistance 
to all other trypanocides and has therefore been  withdrawn from the market. However, currently it is again 
available for treatment of camel trypanosomiasis.  
 

4. DISCUSSION AND CONCLUSIONS 
 
The survey carried out in Zambia, Kenya and Tanzania is the first study providing baseline data on the true 
prevalence of drug resistant trypanosomes on an area-wide basis. It shows that trypanocidal drug resistance is 
widespread in sub-Saharan Africa. In the past the development of drug resistance has mainly been associated 
with the incorrect use of trypanocides (underdosing; exposure of trypanosomes to subtherapeutic drug 
concentrations) (1). Although these factors cannot be neglected, the present study clearly indicates that the 
treatment frequency is also a very important factor in the development of resistance to trypanocides. The data 
collected in the three East-African countries nicely show that there is a correlation between the intensity of the 
drug use and the prevalence of drug resistant trypanosomes in a given region. The guidelines to avoid the 
development of drug resistance should therefore also include instructions to reduce the number of treatments by 
integrating drug usage with other control measures (vector control, decreased vector-host contact, increase the 
trypanotolerance genotype)(6).  
 
From the studies in Ethiopia several important conclusions can be drawn. They confirm  the increased risk for 
development of drug resistance when there is an increase in vector density and consequently an increased 
transmission intensity of the parasite to cattle. This phenomenon has been observed by several authors as well in 
the field of trypanosomiasis as for other parasites such as Plasmodium (11), but its importance remains 
underestimated by many field workers. Another interesting observation in the Ethiopian context was the stability 
of drug resistance at least over a period of 4 years. This is contrast with the reports of several authors, who have 
demonstrated instability of resistance to anti-trypanosomal compounds in trypanosome populations (9, 16). More 
research under different conditions of  tsetse and trypanosome challenge and drug pressure, however, is 
necessary in order to confirm the stability of drug resistance. Furthermore, other aspects such as the mono- or 
polygenic nature of drug resistance in trypanosomes and the dominance or recessiveness of the gene(s) involved 
also need to be examined because of their far-reaching impact on the control of resistance. 
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ABSTRACT 
 
Theileria parva is a complex protozoan parasite causing East Coast in Eastern and Cental Africa. Vaccination 
using live parasites is an effective control measure. Blood spot samples on filter paper are the basis of sensitive 
molecular assays developed and used to address some urgent questions in the field of epidemiology. 
Characterisation of T. parva field populations by PCR-RFLP assays is feasible and can be used to improve data 
on the geographical extend and transmission intensity of T. parva. There is evidence that recombination occurs 
between buffalo and cattle parasites, but the relevance of these recombinant parasites in the epidemiology of the 
disease seems low. Characterisation of the carrier state over a two year period showed a fluctuation in 
parasitaemia over the entire period. Characterisation of parasites in ticks makes it possible to collect reliable data 
on tick infection rates and study differences in vectorial capacity in all tick stages under field conditions. 
 
 

SAMENVATTING 
 
De protozoa parasiet T. Parva veroorzaakt ECF in runderen in grote delen van Centraal en Oost Afrika. Een 
vaksinatie techniek, gebruik makend van levende parasieten is een effektieve kontrole methode. Bloed op 
filterpapier vormt de basis van de ontwikkelde molekulaire methodes die worden toegepast om beter inzicht in 
de epidemiologie van de ziekte te verkrijgen. PCR-RFLP technieken zijn geschikt om T. Parva populaties in the 
veld te karakteriseren en leveren betere gegevens op in verband met de verspreiding en de transmissie intensiteit 
van de ziekte. Er zijn aanwijzingen dat recombinatie voorkomt tussen buffel en runder parasieten, maar de 
relevantie van deze recombinanten in de epidemiologie van de ziekte schijnt klein te zijn. 
ÔDragersÕ van de infektie werden gevolgd gedurende 2 jaar en vertoonden een lage, fluktuerende parasitemie 
over de gehele periode. Karakterisatie van de parasiet in de teek maakt het mogelijk om betrouwbare data over 
teken infektiegraden te verkrijgen en studies naar verschillen in vektoriele kapaciteit in de verschillende 
tekenstadia onder veld omstandigheden uit te voeren. 
 



1. INTRODUCTION 
 
Theileria parva (Theiler, 1904) is a tick-borne protozoan parasite belonging to the phylum Apicomplexa and 
causing a disease complex in cattle known as East Coast fever, Corridor disease and January disease. Its 
distribution is restricted to the eastern, southern and central parts of Africa, corresponding to the range of its 
major vector, the three host tick Rhipicephalus appendiculatus. It has a restricted host range and is the most 
pathogenic species of all Theileriae. It causes economic losses over its entire range estimated in 1989 to be $ 168 
million annually (1).  
Climatic conditions have an important influence on tick population dynamics and hence the transmission 
possibilities, creating different epidemiological situations over the entire T. parva distribution range. 
Control is done through vaccination using an infection and treatment approach. The parasite has a life cycle 
involving the sequential invasion of two different cell types in the bovine host and a sexual cycle in the vector. 
All stages are haploid apart from the short diploid zygote stage in the tick. Ticks transmit the parasite after 
moulting to the next stage as nymph (NN) or adult (AA). 
 
The main epidemiological tools available until recently are the microscopically based blood smear examination 
and a serology-based indirect fluorescent antibody technique (IFAT) for determination of infection rates in the 
host (2) and a histology-based determination of infection rates in stained salivary gland preparations from 
dissected ticks (3). Characterisation of different strains is done through elaborated, expensive cross-immunity 
trials using na•ve cattle (4). Despite considerable internationally funded research efforts many important 
questions still remain to be answered. The main reasons being 
 
1. The complex nature of T. parva, part of a group of pathogenic and apathogenic Theileria parasites present in 

the field, morphologically indistinguishable and cross-reacting on serology. 
2. Common tick vector for some of the theilerial parasites. Involvement of closely related tick species or sub 

species R. appendiculatus and R. zambesiensis. 
3. Protective immunity based on cell-mediated responses. It is thought that many strains exist in the field but 

there is evidence that only a limited number of immunologically important strains are significant. As the 
parasite originates from buffalo which act as an important reservoir it is generally accepted that they will 
contribute to the introduction of antigenic variants. 

 
Molecular based techniques have the capacity to contribute to the solution of many of these questions. 
 
 

2. MOLECULAR TOOLS AND THEIR USE IN EPIDEMIOLOGY 
 
1. Characterisation of Theileria parsites in host and vector. 
In collaboration with ILRI, Nairobi, a set of markers, enabling the characterisation of parasites in field samples 
at the species level and at the group/strain level within species have been developed (5).  
The markers are based on the ssu rRNA gene (18S) for species-specific characterisation or antigen genes in case 
of intra-specific characterisation. The assays use PCR amplification of species or strain-specific sequences 
followed by their analysis using restricted fragment length polymorphism (RFLP) or single stranded 
conformation polymorphism (SSCP) techniques. This has been developed as a method enabling a high 
throughput of field samples collected as dried blood spots on filter paper for routine characterisation. Most 
parasite stocks induce a carrier state in the host leading to a low and fluctuating parasitaemia. 
 
1. The possibility of species-specific characterisation of the different Theileria parasites in the host enables to 

conduct epidemiological surveys giving reliable results on the geographical extend of infection and the 
transmission intensity through determination of age at first contact. With the serology-based methods, field 
sera giving low IFAT titers could not be distinguished from cross-reactions and maternal antibodies 
interfered with the determination of the age at first contact.  

 
2. Strain characterisation enables epidemiological tracking of parasites giving insight in the relation of 

parasites from adjacent areas, the history of epidemics, the role of a buffalo reservoir and the monitoring of 
vaccine strains. It also allows the collection of data on population genetics revealing the Theileria population 
structure in the field (panmixia; epidemic clones) relevant to the use of monitoring and control approaches. 

 
3. Molecular techniques have also been adapted to characterise parasites in ticks. An easy extraction method 

has been developed enabling the processing of high numbers of ticks. Ticks get infected through ingestion 
of piroplasm during a blood meal on an infected host leading to salivary gland acini containing infective 



sporozoites after moulting. As piroplasm stages can be present in feeding NN or AA ticks from the first day 
of attachment on an infective host it follows that the unequivocal determination of infective ticks (only 
sporozoite stages) can be done using unfed ticks collected from the vegetation.  

 
4. Species specific characterisation of Theileria parasites in the vector improves the data on transmission 

intensity through determination of infection rates in the tick. This is presently done using histological 
techniques on salivary glands dissected out of ticks, spread out on a glass slide and colored using a DNA 
coloring stain. These cannot differentiate between infections due to different Theileria species in the same 
vector species. Another disadvantage is the fact that it is a time consuming method, the need to pre-feed 
ticks prior to dissection and the risk of loss of part of salivary gland material during the process. This is 
particularly important as tick infection rates in the field are low and intensity of infection (infected 
acini/infected ticks) is also low. 

 
5. Tick species specific characterisation allows reliable determination of the tick species involved, extend and 

period of occurrence.  
 
 

3. RESULTS 
 
1. Characterisation of Theileria parasites  
 

The 18S marker assay could differentiate among the different Theileria parasites 
commonly present in the field in eastern and southern Africa (Fig. 1). Analysis of 
survey samples from Zambia and Rwanda showed a high prevalence of T. 
mutans but also of the serologically cross-reacting T. buffeli, and T. taurotragi 
species and explained the presence of serologically positive animals outside T. 
parva infected areas in Zambia. More then 90% of the field samples yielded a 
positive amplification product showing the usefulness of the extraction.  
 
Fig.1.  RFLP-PCR analysis using Msp1 
digestion of 18S loci from various Theileria 
isolates and fractionated on a 10% PAGE gel, 
stained with silver. Fieldsamples are from 
Southern Province of Zambia. 

 
 

 
2. Characterisation of T. parva 
 

The combination of three marker assays (p104, p150 and PIM) could 
differentiate populations of T. parva from a homogeneous as well as a 
very heterogeneous (panmictic) field situation with the PIM marker 
giving the best discriminative power (Fig. 2). The markers were very 
stable as judged by the results of a survey (1996-97) in Southern 
Province revealing profiles identical to local stocks isolated in the 
early eighties. Parasites with identical profiles as the parasite stocks 
used for vaccination on a limited scale between 1985-1992 were still 
circulating in the cattle population and had become the dominant 
parasite genotype in the Province. Multi-locus analysis suggested a 
common origin for all Zambian isolates except for one isolate (Zam5) 
from Southern Province. This isolate showed characteristics 
suggesting a buffalo origin and would have been the cause of a 
Corridor disease case. Local Southern Province isolates were reported 
to cause a milder form of ECF similar to the isolates from Zimbabwe, 
causing January disease but no similarity was found using multilocus 
genotyping. 
Analysis of the samples from Rwanda showed that it was also possible 
to identify multiple infections made up of different genotypes.  

 
Fig.2. RFLP-PCR analysis of PIM locus from Zambian and exotic T. 
parva isolates using BclI digestion and fractionated on a 10% PAGE 
gel,stained with silver. 

PIM profiles:

Zambian Exotic

M
ar

ke
r

Kat.
A2

Kat.
4

Zam
5.

B1

Zam
6
Zam

22
.O

M
ar

ke
r

M
ug

ug
a

M
az

ab
uk

a

Sere
ng

eti

Kiam
bu

5

BclI restriction

isolates

bp

1000

100

500



• Analysis of the carrier state. The carrier state has been characterised as a condition of low prevalence of 
bloodform parasites not always infective to ticks but not causing clinical disease. It is thought to be a 
characteristic of most strains. To determine the dynamics of the carrier status, 4 experimentally infected  

 
 

Animal Nr. Stock Weeks +ve  Total 

Single infection    53% 

3858 Katete 48 24 50%  

3856 Katete 48 38 79%  

1330 Chitongo 14   4 29%  

Challenge        69% 

1772 Homologous, Katete  14       11 79%  

1330 Homologous, Chitongo   9 8 89%  

1320 Chitongo challenged with Katete 21 8 38%  

 
Table 1. PCR results of weekly samples from a longitudinal study of experimental T. 
parva infections. 

 
animals were followed over a 2 year period, by weekly sampling and PCR diagnosis for the presence of 
parasites in their blood. Parasite numbers were found to fluctuate (Fig. 3), becoming undetectable when the 
parasitaemia drops under the threshold of 0.001% (microscopic detection limit is 0.003% equivalent to 1 
parasite every 100 fields).  
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Fig.3. PCR results from a carrier animal over a 430 day period after 
heterologous challenge. Y-axis relates to the strength of the 
amplification signal with 0 as no signal found (negative). X-axis 
indicate days after infection. 

 
There seems no apparent influence of stocks or superinfection used and we can conclude that in cross 
sectional surveys only approximately 50% of the carrier animals will be detected by PCR (Table 1). 

 
• Possible role of buffalo in the ECF complex. Buffalo are considered as the natural host and reservoir of 

antigenic variants (6). It has been established that parasites derived from buffalo are showing a high level of 
polymorphism (cross-immunity/monoclonal antibodies (mAbs) and molecular probes) and are infective to 
cattle, showing a typical disease entity called Corridor disease. The main difference with classical, cattle 
derived ECF is the high mortality and the scanty presence of blood forms in affected cattle. This is thought 
to be the reason why the disease is not transmitted between cattle.  
Until recently, it was generally accepted that buffalo parasites could become adapted to the cattle host by a 
transformation proces, characterised by a gradual increase in parasitaemia. It was thought that this could and 
would happen in the field if transmission conditions were optimal. 
 
 
 
 



 

 
Fig. 4. Proposed scheme of Theileria transmission between buffalo and cattle. I-: absence of the p67 
insert. I+: p67 insert. Checker board patterns stand for polymorphisms of markers indicated. 

 
Our results confirm the heterogeneity in buffalo but also revealed relationships among cattle- and buffalo-
derived parasites. The 18S results show identical profiles but the markers at the lower resolution end reveal 
a dimorphism (two lineages) in cattle and polymorphism in buffalo parasites suggesting a speciation event 
(Fig.4). No marker could differentiate unambiguously buffalo from cattle derived parasites. In another 
approach using probes and sequence data, based on the internal transcribed spacer sequences (ITS) of the 
ribosomal genes, researchers from South Africa reached a similar conclusion (7). The sequence of the ITS 
region revealed a mosaic structure of cattle- and buffalo-derived sequences as a result of frequent 
recombination. They analysed also the p67 gene, a T. parva analogue of the CS-protein in Plasmodium, 
covering the surface of the sporozoite stage. This gene was polymorphic in buffalo parasites but only one 
allele was found in all classical cattle parasites, lacking a 180 bp long insert (insert -ve). All buffalo 
parasites had p67 genes showing the presence of the insert. Three atypical cases were found, two in buffalo 
and one in a buffalo-derived infection in cattle were the insert was either lacking or present. 
From these data, the probability that new antigenic variants become adapted to cattle (transformation) 
appears to be low. Buffalo harbour parasites that are highly polymorphic and probably difficult to control by 
immunisation, but there is no indication so far that transformation is a frequent event in the field. A more 
appropriate nomenclature for T. parva should be considered based on the growing evidence of molecular 
differences among isolates and stocks. 

 
3. PCR based determination of infections rates in ticks. These rates are used to calculate the entomological 

inoculation rate (EIR), an important parameter to assess transmission intensities and characterise 
epidemiologically different regions. It will also enable easy determination of differences in vectorial 
capacity especially in low infected NN as a result of feeding on carrier animals. Preliminary research had 
shown that only unfed ticks could be used. 
A diagnostic PCR method has been developed to determine tick infection rates based on a species specific 
marker, combined with an appropriate "pooling" technique thereby avoiding individual manipulation of 
ticks.  
Sensitivity has been checked and was found to be sufficient (detection limit of 200 sporozoites per extract) 
knowing that one infected acinus consists of approximately 40.000 sporozoites. Pools can be screened for 
positivity and quantification can be done by using a dilution series with determination of the highest dilution 
still positive. 
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ABSTRACT 
 

The development of a Geographical Information System (GIS), for the display, analysis and interpretation of the 
spatial patterns of all the major variables affecting the epidemiology of trypanosomosis is described. Based on a 
detailed knowledge of prevailing animal husbandry systems two GIS models are developed. The first model 
addresses the direct impact of trypanosomosis. It aims at selecting priority areas to improve animal health and 
production in market oriented systems. The second model focuses on the indirect impact of the disease. Areas 
are selected with best prospects to improve the integration of cattle and agriculture in traditional system. Since 
disease related data are the most cumbersome to collect it is tested how they could be replaced by vector 
distribution and abundance data. Finally the contribution of low resolution remotely sensed data to field surveys 
is assessed. It is concluded that taking into consideration a varying socio-economical set-up the developed 
approach could be adopted in large parts of sub humid West Africa.  
 

SAMENVATTING 
 

De ontwikkeling van een Geografisch Informatie Systeem (GIS) voor het aantonen, analyseren en interpreteren 
van de ruimtelijke patronen van alle belangrijkste factoren die de epidemiologie van trypanosomosis beïnvloeden 
wordt besproken. Uitgaande van een gedetailleerde kennis van de belangrijkste rundveehouderijsystemen 
worden twee GIS modellen ontwikkeld. Het eerste model betreft de directe impact van trypanosomosis met het 
doel voorrangsgebieden aan te tonen voor een verbeterde aanpak van de diergezondheid en productie in markt 
gerichte systemen. Het tweede model spitst zich toe op de indirecte impact van de ziekte en geselecteerde 
prioritaire gebieden vertonen hier de beste perspectieven om de integratie van rundvee en landbouw te 
bevorderen in traditionele rurale systemen. Aangezien ziektegebonden data de grootste inspanning vergen bij het 
verzamelen van gegevens wordt hier getest hoe deze door gegevens over de vector vervangen kunnen worden. 
Tenslotte wordt de bijdrage van lage resolutie satelliet gegevens tot veld onderzoek beoordeeld. Er wordt 
besloten dat mits de in acht name van variërende socio-economische omstandigheden, de ontwikkelde methode 
in grote delen van West Afrika zou kunnen worden toegepast. 



1. MINI-REVIEW 
 

Tsetse transmitted African animal trypanosomosis has been identified as a major constraint to increased 
livestock production in the subhumid ecozone of sub-Saharan Africa. Moreover, tsetse infestations are believed 
to prevent the successful integration of crop and ruminant production (Jahnke 1988, Winrock 1992). Because of 
the agricultural and land use dimension of the tsetse problem, there is a need to develop and apply a geographical 
tool, a Geographical Information System (GIS), for the display, analysis and interpretation of the spatial patterns 
of the main variables affecting the epidemiology of trypanosomosis.  
GIS based systems to assist in trypanosomosis control are being developed at continental and national scale. 
Mostly, the goal is to discriminate areas where the control of trypanosomosis is (i) most likely to enhance 
livestock production and the integration of livestock and crop agriculture, (ii) economically beneficial, (iii) 
sensible from an environmental viewpoint and, last but not least, (iv) sensible from a technical feasibility point 
of view. 
At a continental level Reid & Ellis (1995) performed GIS simulations to depict areas where trypanosomosis 
control, from an ecological perspective, deserves to be (1) «encouraged», i.e. areas of agricultural intensification, 
(2) «banned», i.e. areas with a high ecological ‘integrity’ , or (3) «recommended with caution», i.e. areas where 
agriculture expands. In a further study Reid et al. (personal communication, submitted) modelled, also at a 
continental level, the effect of an expanding human population and associated agriculture on the distribution of 
tsetse fly species. The spatial model included a combination of fine-resolution human population data, field data 
and the distribution of different types of tsetse. Results suggest that by 2040, many of the 23 species of tsetse fly 
will begin to disappear and the area of land infested and number of people in contact with flies will also decline. 
However, an area of Africa larger than Western Europe will remain infested by tsetse and under threat of 
trypanosomosis for the foreseeable future. 
At sub-continental level FAO conducted a series of studies comprising Eastern, Western and Southern Africa 
(FAO 1997). The rationale here was to depict areas where trypanosomosis control may yield high agricultural 
benefits. The analysis involved the integration of data on tsetse fly distributions, human habitation pattern, 
cropping areas and cattle densities. ’Farming systems’ areas were demarcated as ecozone related, geographic 
clusters of typical combinations of farmer densities, cultivation intensity and cattle numbers. These different 
farming systems were matched to tsetse distributions as to predict the likely outcome of any tsetse removal. This 
work proved useful to assist in prioritising tsetse control areas in particularly eastern and western parts of Africa. 
Such an approach is now also built in the interactive PAAT (Program Against Animal Trypanosomosis) 
information system (http://www.fao.org/ag/aga/agah/PD/paat_l/html/home.htm). 
At a national level Robinson (1998) applied a GIS covering eastern Zambia to identify areas where tsetse control 
may be appropriate. Animal trypanosomosis was recognised as a twofold problem: (i.) the disease constraint and 
(ii.) the land use issue, where the vector prevents access to land that could be agriculturally developed in order to 
relieve pressure from adjacent, densely inhabited areas. Decision trees were then constructed using geo-
registered data on tsetse distribution, agricultural land use intensity, net stocking rates and arable potential in 
order to identify areas for relieving direct disease pressure and areas were control could potentially relieve land 
pressure. Currently a data base soft ware package is developed in an attempt to standardise the collection, storage 
and processing of this type of data (Robinson et al. 1997). 
In an even more detailed study, de La Rocque (1997) combined high resolution satellite imagery, entomological 
data, disease prevalence, hydrography, landscape patterns, land-use and animal husbandry data in an attempt to 
identify major discriminating factors of tsetse presence and trypanosomosis risk at a 3 to 10 meter resolution, in 
Sidéradougou, Burkina Faso. 
In Togo recent surveys were carried out since 1990 in order to comprehensively cover the main variables 
influencing the epidemiology of trypanosomosis (Hendrickx and Napala, 1999a).  This paper summarises how 
the area-wide knowledge of the spatial epidemiology of trypanosomosis, generated with the aid of GIS and 
Remote Sensing tools, may serve the formulation of integrated disease management. 
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Figure 1. Togo 
 

2. THE STUDY AREA 
 

Togo is a narrow West African country, 550 km long and maximum 150 km wide, east from Ghana, west from 
Benin and south of Burkina Faso with a total surface of 56.000 km². The country can be sub-divided into four 
major seasonal clusters (Hendrickx et al. 1999b) ranging from a dry monomodal climate in the north to a wet 
bimodal system in the south (Fig. 1).  It forms an ideal transect representative for large parts of coastal West 
Africa where identical climate conditions prevail. In order to enable a systematic field collection of data across 
the entire surface area of Togo and in an area-wide fashion, the country was divided in 311 grid-squares or 
sample units of 0.125 X 0.125 degree sides. For all variables, data were collected for each individual grid-square. 
The precise details regarding the process of generating digital, geographical information on all the major 
variables affecting the epidemiology of bovine trypanosomosis have been described elsewhere (Hendrickx et al. 
1999b, 1999c). However data collection and transformation is described briefly below. 
 
 

3. TSETSE AND TRYPANOSOMOSIS 
 

Tsetse flies were collected in 305 grid-squares using an average of 12 standard biconical traps (Challier et al. 
1977) per trapping site. On average 2.1 sites were sampled per grid during 24 or 48 hours. All six tsetse species 
encountered in Togo were mapped, comprising (i.) two riverine tsetse species, Glossina (Nemorhina) 
tachinoides Westwood (1850) and G. (Nemorhina) palpalis palpalis Robineau - Desvoidy (1830), (ii.) two 
savannah tsetse species G. (Glossina) morsitans submorsitans Newstead (1910) and G. (Glossina) longipalpis 
Wiedemann (1830) and (iii.) two forest tsetse species Glossina (Austenina) medicorum Austen, 1911 and 
Glossina (Austenina) fusca fusca Walker, 1849. After log10(x+1) transformation of the fly catch, data were 
subjected to seasonal adjustment and spatial smoothing.  
To produce a map on disease prevalence in cattle a total of 26,481 blood samples were collected during a cross-
sectional study in 200 out of the 217 grid-cells where sedentary cattle were found present. On average 4.7 
different herds were sampled per grid. After microcentrifugation and Packed Cell Volume (PCV) measurement a 
wet smear of the buffy coat was examined for trypanosomes (Murray et al. 1977). Also the PCV and prevalence 
data were subjected to seasonal adjustment and spatial smoothing.  



For the purpose of this study the different data layers on vectors and disease were reclassed into four categories: 
(i.) absent (ii.) low, (iii.) medium and (iv.) high. Except for the absence class, class limits were set to obtain an 
approximately equal number of grid cells per class. 

Figure 2. Animal husbandry systems and cattle breeds. 
 
 

4. ANIMAL HUSBANDRY SYSTEMS AND CATTLE BREEDS 
 
Data on cattle density, herd structure and ownership were gathered during a country wide, exhaustive cattle 
census. Spatial clustering of the combined data set yielded two distinct animal husbandry systems (Fig. 2) : (i.) a 
rural, traditional system, with a propensity towards integration of cattle and crop agriculture and (ii.) a (peri) 
urban system with a commercial orientation. An intermediate system, forming a transition zone in between the 
two major system areas, was also identified. Here, the rural system evolves towards market agriculture.  
Breed characteristics were also assessed, through recording breed typical external features such as the shape of 
the head, the presence or absence of a hump and the size of the dewlap. Map displays of breed distributions 
(Fig.2) show trypano-susceptible zebu, trypanotolerant taurine cattle and the degree of crossbreeding between 
these two breeds. Based on the earlier on established relationship between disease prevalence and PCV 
(Hendrickx et al. 1999c), class limits were set to 0%, 1-30%, >30% zebu-introgression. 
 

5. OTHER DATA INCLUDED. 
 
The agricultural intensity (expressed as % of land brought into the cultivation cycle, including fallow) was 
computed per grid through digitising existing hardcopy maps. These maps had in turn been compiled on the 
basis of aerial photographs (PNUD, 1984). Class limits were set at 0-15, 15-50 and > 50 % agriculture. 
Human population data were extracted from the UNEP population density map (UNEP 1991) and class limits set 
at  0-5, 5-50 and > 50 inhabitants per km². 
Man induced land degradation data were digitised using a map compiled by Brabant et al. (1996). The 
degradation index ranks from 1 (very slight degradation) to 5 (very severe degradation). Most of Togo is only 
slightly degraded. 
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6. PREDICTIONS 
 
Field collected and satellite data may be used in a complementary fashion in order to economise on field surveys. 
The extent to which satellite data may substitute field data depends on how strong the association is between the 
two data sources. For example strong environmental correlates were established for tsetse distribution and 
abundance, the fit between disease prevalence and satellite data was considerably weaker whilst the correlation 
with PCV was generally poor. The precise methodology, based on multiple discriminant analysis models, and 
the obtained results are described elsewhere (Hendrickx et al. 1999d, 1999e).  
The validity of such predictions may be tested using a split sample. The obtained results show us the extent to 
which satellite data may sensibly substitute field data and, also, provides us with an indication of the validity of 
filling up blanks, the missing grid cell data. In order to produce various split samples grid cells are randomly 
selected (trainingset) to predict the missing part (predicted set). Since in this case the total sample covers all grid 
cells, this testing procedure allows a comparison of prediction results with original values. The degree of 
correspondence between both maps is expressed as the ‘hit ratio’ , i.e. percentage matching answers. The 
training sets used in the present study form 66% and 33% of the total data set.  
 

7. THE DECISION SUPPORT SYSTEM 
 

Earlier work concerning the analysis of the spatial epidemiology of trypanosomosis allowed a differentiation 
between the direct (disease) and indirect (land-use) impact of the disease (Hendrickx et al. 1999c). Although 
about 70% of cattle in Togo are demonstrably trypanotolerant, the disease is severe enough to negatively affect 
cattle densities and thereby disrupt the integration of cattle and crops. It can be argued that the direct impact 
particularly concerns commercial animal production systems whilst traditional mixed farming systems are 
mainly affected by the indirect impact of trypanosomosis, resulting from the inability to keep animals where and 
as required to further crop production. This difference influences the priority setting and type intervention 
against the disease (Fig. 3). 

Figure 3. Decision chain towards selecting adapted priority areas. 
 
 
In order to further the development of a methodology to prioritise trypanosomosis control schemes in both the 
above animal husbandry or farming system scenarios, two models were developed using a commercially 
available GIS, Idrisi  (Eastman 1992).  
The first GIS model (Fig. 4) aims at setting priorities for commercial systems, where the main preoccupation of 
the livestock owners are with the direct clinical aspects of trypanosomosis or any other direct, production 
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impairing constraint. For this, data on disease prevalence and PCV, the major symptom of trypanosomosis, are 
being integrated in the GIS, through cross tabulation, applying an equal weight classification matrix. The 
resulting, new layer forms a measure of the direct impact of trypanosomosis on animal health. This is further 
refined for the breed factor in order to produce a map which is believed to reflect the extent of ‘veterinary 
needs‘. While it is realised that this score for the level of veterinary needs is arbitrary, it does provide a most 
useful practical tool towards disease control strategy definition.  
Alternative ways to compute the veterinary needs layer are also explored. First split samples are applied to verify 
if and to what extent the veterinary needs layer could have been obtained with only part of the field data on 
prevalence and PCV. As a next step, an attempt was made to replace disease prevalence and PCV data with fly 
risk. Outputs are given for both observed and predicted fly data. Those alternative results are compared with the 
original veterinary needs map. Their statistical significance is tested with K, the Kappa Index of Agreement 
(Cohen 1960) using the ranges of agreement set by Landis and Koch (1977) : poor K < 0.4 ; good 0.4 < K < 0.75 
and excellent K > 0.75. Results are summarised in Table 1.  

Figure 4. GIS Model 1. 
 
Table 1. Comparative results of the tested alternatives to define priorities for disease control in 
commercial and production oriented husbandry systems. 

 Size Overall Low priority High priority 
Option TS hit ratio hit ratio err+ Kappa hit ratio err+ Kappa 

Tryps & PCV 66% 91 92 8 0.915 92 3 0.900 
 33% 72 66 32 0.635 76 10 0.701 

Fly-risk obs. 63 61 37 0.567 64 13 0.568 
 33% 66 45 47 0.412 73 7 0.672 

TS = trainingset, obs. = observed data, err+ = errors of more than one class, G. tachi. = results obtained 
with G. tachinoides abundance alone. 

 
 
The second GIS model (Fig. 5) seeks to demarcate the areas, where trypanosomosis control would yield maximal 
returns in terms of enhanced integration of cattle and crop production. Agriculture intensity, human population 
density and cattle density are integrated in a similar way as for the previous model to generate a new layer 
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termed ‘potential benefits‘ of trypanosomosis control. The output indicates the areas where in terms of integrated 
rural development benefits are likely to be highest, i.e. areas where a critical and growing number of 
agriculturists are present, seeking to increase and diversify production through crop - livestock integration. The 
‘potential benefit‘ layer is then integrated with the output of the previous model, a de facto measure for the 
actual, direct cost of the disease, to form a new, ‘cost - benefit‘ layer. Also here, it is verified how this cost - 
benefit layer might have been produced using partial disease (Animal Health) and vector data. The statistical 
significance of the obtained results is summarised in Table 2. 

Figure 5. GIS model 2. 

 

Table 2. Comparative results of the tested alternatives to define priorities for disease control in rural 
traditional husbandry systems. 

 Size Overall Low priority High priority 
Option TS hit ratio hit ratio err+ Kappa hit ratio err+ Kappa 

Tryps & PCV 33% 67 72 11 0.583 91 2 0.896 
Fly-risk 33% 67 62 6 0.585 91 0 0.896 

TS = trainingset, err+ = errors of more than one class, 
G. tachi. = results obtained with G. tachinoides abundance alone. 

 

8. FUTURE PROSPECTS 

The decision support generated in the present study is being put to the test through encouraging private field 
veterinarians in Togo to address trypanosomosis and indeed any other animal health or production constraint as 
herewith suggested ; veterinary intervention becomes guided by and customised by the specific agro-ecological, 
socio-economic and epidemiological plus disease - technical situation on the ground. The preliminary results are 
very encouraging and suggest that much scope exists for a progressive rationalisation process of field veterinary 
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services. One of the crucial factors that has so far prohibited such progress from taking place is the lack of 
information.  
The results obtained in the present study suggest that the potential synergy between field collection of data, 
remote sensing and GIS analysis may be further exploited in the spheres of animal health, animal production, 
agriculture and resource management. Perspectives arise with regard to the much desired, holistic or 
comprehensive approach towards addressing rural issues. Such a system, addressing what might be defined as 
‘chronic’ aspects of animal health and production, should be complementary to epidemiosurveillance networks 
(cf. EU-PACE and FAO-EMPRES) addressing more ‘acute’ animal health problems. However, before 
propagating the further development of RS/GIS and modelling tools in animal health and beyond, it is crucially 
important to duly consider the various weaknesses and shortcomings that still persists. The representativity of the 
field collected data and the considerable expenditure involved in gathering and collation of all the data 
incorporated in the present study form - for the time being - major setbacks. The field data on vector and disease 
have been collected in a restricted number of sites per grid cell and sampling was carried out only once. 
Trypanosomosis field studies at a more local level (de la Rocque 1998) revealed that disease transmission 
patterns can vary over a short distance. It is clear that in the present study this local variability became largely 
removed by seasonal and spatial smoothing and by aggregating data into a restricted number of classes. It is thus 
believed that the resulting maps reflect the general risk situation rather than the precise, local trypanosomosis 
incidence or tsetse challenge. 
The breed factor has shown to be of considerable importance in Togo (Hendrickx et al. 1999c). Besides being 
trypanosusceptible, zebu are in general less adapted than taurine cattle to the humid climate prevailing in coastal 
West Africa (Hoste 1992). The PCV or anaemia is also influenced by a series of other factors such as the 
nutritional (Agyemang et al. 1990) and physiological status (Agyemang et al. 1992) of the animal as well as 
concurrent infections with gastro intestinal parasites (Kaufmann et al. 1992). By adding the average herd PCV 
values to the model those factors are also included. Therefore, the map generated through combining disease 
variables with cattle breeds reflects the general sanitary status and veterinary needs of cattle herds in Togo rather 
than merely depicting the trypanosomosis situation. Apart from forming an important planning tool for 
trypanosomosis control such an approach might also assist to organise a more efficient allocation of the scarce 
veterinary inputs available including the sponsoring of private practitioners. This extra dimension is at least 
partly removed when replacing disease related data, and more specifically PCV, by fly-risk. Which variable to 
include will mainly depend on available resources to conduct field surveys ; disease data are the most complex 
and cumbersome to collect. 
The map depicting the extent of veterinary needs serves the formulation of drug regimes for chemotherapy and - 
prophylaxis. It should be noted though that in areas where rural husbandry systems are predominant most owners 
are not prepared to pay for regular veterinary follow up. In developing mixed farming areas considerations could 
be made to incorporate community based vector control at the village level, coupled to the strengthening of the 
emerging private sector (Bastiaensen et al. 1997).  
In both cases special care should be taken to avoid that increasing cattle numbers contribute to ruining an already 
damaged environment. The integration of cattle and crop agriculture, on the other hand, improves soil fertility 
(e.g. fodder production based on leguminosae, manure utilisation) and might thus help reverse the observed 
tendency towards degradation (Bosma et al. 1996). This may be verified by studies at a more local level using 
high resolution satellite data, as currently developed in Togo (Telsat4 programme, Van Camp, personal 
communication).  
Results obtained with predicted variables, i. e. using only part (1/3 or 2/3) of the field data, suggest that in future 
this type of RS data might contribute to significantly decrease field survey costs. However it was shown by 
Hendrickx et al. (1999d, 1999e) that further research is needed to improve the quality of the used RS products 
and to identify additional predictor variables.  
The approach developed here is a first step towards data driven disease management. It should further be 
improved by additional data layers in order to include other aspects of integrated rural development. The 
approach might also be adopted in large areas of West Africa. However, it is anticipated that despite climatic 
similarities there are also many, mainly socio-ecomic, differences. Any decision chain towards integrated disease 
management should thus be adapted accordingly. 
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ABSTRACT 
 
TETRAD (TElematics-TRAnsport-animal Disease prevention) is a new concept for on-line surveillance of 
animal transports, integrating telemetry and wireless data communication. The system has two major objectives: 
(a) to improve animal disease prevention and control and (b) to enable monitoring of animal welfare during 
transport. The system allows on-line collection of the data on the transport lorry with respect to animal 
identification, body temperature and geographical position. The concept and the prototype system are described. 
Performance tests on the data collection and transmission showed the technical feasibility of the prototype 
system, both under laboratory and semi-practical conditions. Necessary improvements and future use of the 
system are finally discussed. 
 

SAMENVATTING  

Het TETRAD-systeem (Telematics-TRAnsport-animal Disease prevention), een nieuw systeem voor een on-line 
toezicht op diertransporten, zal voorgesteld worden. Dit systeem is gebaseerd op telemetrie en draadloze 
datacommunicatie. Het concept heeft twee belangrijke doelstellingen (a) het verbeteren van dierziektebestrijding 
en preventie en (b) de mogelijkheid om het welzijn van de dieren te registreren tijdens het transport. Het is 
mogelijk om on-line gegevens te verzamelen op de vrachtwagen met betrekking tot identificatie en 
lichaamstemperatuur van de dieren en de geografisch positie van de vrachtwagen. Onder laboratorium- en semi-
praktijkomstandigheden is gebleken dat het technisch mogelijk is om deze gegevens te verzamelen en door te 
sturen. Het concept en het prototype zullen verder besproken worden evenals de noodzakelijke verbeteringen en 
het gebruik van het TETRAD-systeem in de toekomst. 

  



 

1. INTRODUCTION 
 
Transport of both animals and animal products are a vital economic necessity and an important veterinary (and 
hence also an economic) threat within the EU. For instance, in the Belgian pig production annually about 1 
million piglets have to be imported (mainly from Germany and the Netherlands) because of domestic shortage, 
another several million piglets are being transported within the country because of supply-demand differences 
between the respective regions, and finally about 50% of the annual production is exported (10, 12, 13, 15). Both 
across-border and domestic transports are well recognised as important vectors for disease introduction and 
spread (9) and (19). In 1993 for instance, import of infected piglets caused a large number of outbreaks of 
Classical Swine Fever (CSF) in Belgium and the associated damage was estimated at approximately ECU 75 m 
(20). Empty lorries contaminated with virus are also a serious potential hazard (9). 
 
 For prevention of disease introduction it is crucial that risky transports and vehicles can be intercepted before 
entering a disease-free country or region. Effective disease control can be largely improved by preventing further 
spread from infected premises or by limiting the number of secondary infections. Hence, on-line information on 
animal transports is of outmost importance. Performance of systems for the identification and registration (I&R) of 
animal movements is limited in this respect, since they only supply information after the occurrence of the events. 
Moreover, a time delay in the information supply of several weeks up to months can be the case, sometimes 
inaccuracies in the information supply occurred and the routes of (empty) vehicles were not included in these 
systems (18, 14). Incorporation of on-line surveillance and monitoring of both animals and vehicles into the I&R 
system could be a major improvement, both with respect to speed and accuracy of information supply and to 
coverage of vehicles. In this way it has the potential to recognise the introduction and spread of contagious diseases 
at the earliest moment possible. 
 
Another important issue related to transport is animal welfare. European Community rules on the protection of 
animals during transport are formulated down in Council Directive 91/628/EEC, amended by Council Directive 
95/29/EEC. New amendments are currently under discussion, stating that records on environmental conditions 
(particularly temperature) should be available to the competent authority. Telemetric data collection allows multiple 
measuring points without entering the lorry compartments. However, measuring of  the body temperature with 
injectable devices gives information on the welfare conditions of the animals (8). Moreover, in the case of slaughter 
animals, lairage conditions can be managed in relation to the physiological status of the pigs in order to maximise 
final meat quality (21). 
 
To technical equipment of various kinds to enable transport surveillance and monitoring is now available. The new 
concept is presented, including commercially available technology in the fields of animal identification and 
monitoring, geographical positioning, data collection and data transmission. The objective of the research was to 
develop and test a prototype based on the integrated technology. Hence to assemble a monitoring and surveillance 
system, which could be used in a variety of applications. Performance tests should reveal the technical feasibility of 
the system for animal transport. 
 
 

2. GLOBAL DESCRIPTION OF THE TETRAD-CONCEPT 
 
The main objective of the TETRAD-concept (TElematics-TRAnsport-animal Disease prevention) is to support 
animal disease prevention and control by enabling reliable and tamperproof 'on-line' surveillance and monitoring of 
transports of animals. Animal welfare surveillance can be a secondary benefit of the concept. Therefore, at least 
three types of data are of interest: (a) which animals are concerned (i.e. individual identification), (b) what is their 
condition (using body temperature as a parameter) and (c) where are they located at any moment (geographical 
position). 
 
The TETRAD-concept has two elements: (a) automated telemetric collection of data in the vehicle and (b) wireless 
transmission to the data base station (Fig. 1). The mobile configuration employs a PC (PC-Mobile, PC-M) which 
collects and temporarily stores the data which are continuously generated by three inputs: animal identification, 
animal monitoring (body temperature) and geographical positioning. At regular intervals (e.g. 15-30 minutes), the 
stored data are transmitted using a GSM device (Global System for Mobile communication). Signals received by 
the Base station of the GSM-network are further transmitted through the GSM- and PSTN-networks (Public 
Switched Telephone Network) to the stationary computer (PC-Stationary, PC-S) of the data base station (in the 
present set-up this was the Laboratory; in a practical situation this could be e.g. the Veterinary Service). Here, all 
data are stored and processed.  
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Fig. 1. Schematic overview of the TETRAD-



 

2.1 Hardware 
 
A prototype system was developed based on integrating commercially available hardware (Table 1). 
 
Table 1 
 
Item System/Technology Sampling/transmission 

                 Frequency 
Baudrate 

Animal identification Tiris 1 min 9,600 
Body temperature Televilt RX-900 Continuously 19,200 
Geographical positioning Garmin GPS 35 1 min 4,800 
Mobile telephone (GSM) Siemens S4 > or = 1 min 9,600 
Modem Belgacom ---- 9,600 
PC-M Toshiba (16 MB RAM) ---- ---- 
PC-S DELL (32 MB RAM) ---- ---- 

 
A Toshiba® labtop was used for PC-M. The number of RS-232 connections was increased to four using a type II-
PCMCIA card. For animal identification TIRIS® passive transponders integrated in ear tags were used (8). 
Continuously monitoring of body temperature was carried out using the Televilt® RX-900-system (3), which 
employs active transmitters implanted in the neck-region of the animal. Geographical positioning of the lorry was 
determined with a Garmin® GPS 35 device (2), placed on the roof of the vehicle. The mobile telephone was a GSM 
device, type Siemens® S4, which was connected to the PC-M via a modem card. Power supply for all elements of 
the mobile configuration was either a rechargeable internal battery of the device/system itself or external power 
supplied by the battery of the vehicle. A DELL® desktop was used for PC-S, and was connected to the PSTN-
network with a Belgacom modem. 
 
2.2. Software 
 
A software program for managing the system was designed in Borland C++ and runs under Microsoft Windows, NT 
or Windows95. The structure of the TETRAD-program is hierarchic; i.e. the basic set-up of the program must be 
defined in a module, called the Winsetup-module. Using this module, all necessary input parameters of the other 
modules (excluding Windspl) can be defined, e.g. the telephone number of the PC-S, the number of the GSM 
device, the reading intervals for the data generating systems and the number of the serial port where these systems 
are connected to. This module is available on the PC-M and the PC-S. Within the PC-M, the following modules can 
be activated: (a) a first module for activating and regulating the GPS-receiver, called Wingps, (b) a second module 
for regulating captation of the data from Tiris-identification system, called Wintiris, (c) a third module is the same 
but for the Televilt monitoring system, called Winrx900 (d) the fourth module activated and regulated the GSM-
device, hence co-ordinates the data transfer from the PC-M to the communication network, called Wingsmtx. To 
ensure proper receive and display of data within the PC-S, two other modules must be activated: (a) a module that 
takes care of the communication network, and hence co-ordinates the reception of the transferred data into the PC-
S, called Wingsmtx, (b) this is a presentation module which present all the received data (i.e. data generated by the 
TIRIS-, GPS- and/or Televilt-systems) on the computer screen.  
 
For the use of the TETRAD system in practical conditions, the basic software was further developed, resulting in 
the so-called Sanitel-module (Sanitel is the name of the I&R-system operational in Belgium). With this module 
all relevant data with respect to (un-) loading of animals can be collected and transmitted: data on locations of (un-)  
loading data of animals involved (i.e. electronic identification number or EID), data on date and time, GPS of the 
relevant sites, etc. The Sanitel-module was designed in such a way that it is compatible with the current I&R 
procedures. Hence it can be regarded as a comprehensive ‘book-keeping’ system with respect to animal transport 
events on the lorry. 
 
After starting-up, data are collected and transmitted automatically at pre-defined intervals. Unsuccessful 
transmission is automatically followed by consecutive attempts with 1 minute intervals until transmission succeeds. 
Standard compression/decompression procedures for data transmission are included in the software program. For 
data transmission, a connection between the modems of both PCs has to be established ('hand-shaking'). Received 
data are stored in ASCII-files and can be processed afterwards using packages such as Excel® and SAS®. Moreover, 
geographical positions received can be displayed on the PC screen using a digital map (Digimap®). 
 
 
 



 

3. PERFORMANCE 
 
3.1. Data transmission 
 
Three trials were conducted, aimed at testing the performance of data collection and transmission. Trial 1 (1997) 
included four complete mobile configurations situated within the laboratory. All configurations were operational 
simultaneously for 30 hrs. Trial 2 (1998) included one mobile configuration situated in a moving car. The 
transmission interval was 15 minutes. Seventeen tests were carried out, each lasting approximately 2 hrs, either 
between 07:00 and 09:00 h or 17:00 and 19:00 h (peak-usage of the GSM network). 
 
In all cases, files of 3-4 Kb were transmitted, and, each transmission procedure required 20-30 seconds. In Table 2 
results are presented of trials 1 and 2. In trial 1, 423 transmission attempts were made out of which 361 (85%) were 
successful. In only 8 cases (2%), 3 or more attempts were required for a successful transmission. Transmission 
failures were mainly caused by No-Carrier and No-Answer; the inability to establish a data connection between PC-
M and PC-S. This is quite a normal event caused by for instance overcrowding of the GSM network. The average 
number of attempts required for a successful transmission (i.e. the total number of transmission attempts divided by 
the total number of successful transmissions, hence attempts per transmission or ApT) was calculated as 1.17. 
 
In trial 2, 134 transmission attempts were made, out of which 104 (78%) were successful. In 5 cases (5%), 3 or 
more attempts were required and the ApT was calculated as 1.29. Again, the main cause of failure was No-Carrier 
and No-Answer. However, a part of the No-Carrier observations can be explained by the change of GSM network 
when crossing the Belgian-Dutch boarder, which took approximately 5 minutes during which connection to the 
network was either lost or very weak. Taking for these events into account the corrected figures show a lower 
degree of No-Carrier (8 versus 13%) and an improved ApT of 1.19. 
 
The third trail (1999) was conducted for the same reason, but here the pigs (EID) were followed in the 
slaughterline. Overall transmission performance appeared to be good, the Apt improved from 1.17-1.19 in the 
previous trails to 1.06-1.08 in this trail. There was no loss of data and all the data were transmitted without errors. 
Therefore, it can be concluded that the TETRAD system including the Sanitel-module is a reliable and efficient 
way for on-line monitoring of pig transports (Table 3.a and 3.b). 
 
Table 2 
 
Result from two transmission trials; Trail 1: regular transmission from 4 PC-Ms over a period of 30 hrs; Trail 2: 
regular transmission of 1 PC-M between 07:00-09:00 and 17:00-19:00 during 10 working days (Atp: average 
numbers of attempts per successful transmission; percentages between brackets) 
 
 Total att. Sending 

OK 
Sending 
error 

No-
Carrier 

No-
Answer 

> or = 3 
Attempts 

Apt 

Trail 1 (4 PC-Ms) 423 (100) 361 (85) 14 (3) 44 (10) 4 (1) 8 (2) 1.17 
        
Trail 2 (1 PC-M)        
Real figures 134 (100) 104 (78) 8 (6) 17 (13) 5 (4) 5 (4) 1.29 
Corrected figures 124 (100) 104 (83) 8 (6) 10 (8) 2 (2) 3 (3) 1.19 

 



 

Table 3.a 
 
Results from Trail 3: regulair transmission of 1 PC-M, located in a car that drove after the transport lorry for 
slaughter pigs. Transmission of GPS-data using TETRAD (Atp: average numbers of attempts per succesful 
transmission; percentages between brackets) 
 
Transport 
number 

Total 
attempts 

Sending OK Sending 
error 

No-Carrier No-Answer Apt 

       
1 65 62 2 1 0 1.05 
2 96 92 3 1 0 1.04 
3 55 51 2 2 0 1.08 
4 71 68 0 2 1 1.04 
5 38 29 0 8 1 1.30 
6 94 87 1 6 0 1.08 
       
Total 419 (100) 389 (92.8) 8 (1.9) 20 (4.8) 2 (0.5) 1.08 

 
Table 3.b 

Results from Trail 3: regular transmission of 1 PC-M, located in a car that drove after the transport lorry for 
slaughter pigs. Transmission of Sanitel-data using the Sanitel-v module of TETRAD (Atp: average numbers of 
attempts per successful transmission; percentages between brackets) 
 
Transport 
number 

Total 
attempts 

Sending OK Sending 
error 

No-Carrier No-Answer Apt 

       
1 3 3 0 0 0 1.00 
2 4 3 1 0 0 1.33 
3 3 3 0 0 0 1.00 
4 3 3 0 0 0 1.00 
5 3 3 0 0 0 1.00 
6 3 3 0 0 0 1.00 
       
Total 19 (100) 18 (94.7) 1 (5.3) 0 (0.0) 0 (0.0) 1.05 

 
3.2. Data collection 
 
Within the TETRAD-system, the concept of electronic identification using, passive transponders is integrated. 
Transponders are generally classified as either active or passive, depending on their power source. In an active 
transponder there must be an internal power source, such as a battery, to operate the electronics. Although long-life 
batteries are generally utilised, they require replacement, add weight and are relatively expensive. However, 
valuable monitoring information in many cases can only be measured on a continuous basis by using a battery. A 
passive transponder, on the other hand, has no internal power source, but relies on the radiofrequency power 
supplied from the interrogating device to activate it. Hence, data collection is only possible when the transponder is 
in the powering antenna field. Passive transponders are cheaper and have a theoretically infinite lifetime, they are 
only subjected to the durability of the electronics. 
 
For the TETRAD-concept three types of passive transponders for animal identification were tested, namely an 
injectable unit (length 31 mm) and eartags of two sizes (external size of 3 and 2.5 cm respectively). Maximum 
reading distances in optimal orientation appeared to be approximately 70, 80 and 50 cm respectively (note: in case 
the orientation of the transponder to the antennae field is bad the reading distance can be reduced to 0 cm).  
 Two types of tests under semi-practical conditions were carried out: (a) groups of 6 to 9 pigs (depending on the 
weight) were transported in a trailer, and (b) groups of 6 to12 slaughter pigs were transported to the slaughterhouse 
in a lorry as part of a larger group of approximately 50 animals. Transports (i.e. animals and vehicle) were 
monitored in all tests using the TETRAD-prototype installed in the vehicle. These tests revealed that all required 
data could be collected and transmitted to the PC-S without problems.  
 



 

In a third trail the effect of the slaughtering process (a) on the electronic readability and (b) on the physical loss of 
the EID was tested. The result of this trail was that the performance of EIDs during slaughtering is too low for 
reliable use, notwithstanding the fact that differences between slaughterhouses indicate space for improvement. 
Electronic failures before slaughtering indicated problems with either manufacturing, application of the EID or 
both. Further examination is required to solve these problems The transponders that were used were Allflex eartag 
transponders of 25 mm diameter. The results are shown in Table 4. 
 
Table 4 
 
History of EIDs with respect to recovery and electronic readability (excl. EIDs recovered before slaughter) 
 
Slaughterhouse # Applied Without problems Not recovered Readability 

problems 
  #         %  #         % #        % 
     
Meer  179 144    80.4% 13      7.3% 22    12.3% 
Fléron 92 67      72.8% 10    10.9% 15    16.3% 
Melle 49 46      93.9% 1        2.0% 2        4.1% 
Lokeren 139 118    84.9% 5        3.6% 16    11.5% 
     
Total 459     100% 375    81.7% 29      6.3% 55    12.0% 

 
For the monitoring part was opted for the RX-900 system of the Swedish Televilt Company. This system is based 
on an active implantable transmitter capable for continuous measurement of body temperature. It contains a battery 
that is capable of continuously transmitting signals over a period of approximately 3 months. 
The maximum reading distance for Televilt transmitters for body temperature monitoring was approximately 
10m, regardless whether the location was in-door, in the lorry or in the premises of a slaughterhouse.  
 
For the geographical positioning the Garmin GPS 35 wase used, it is as a mouse-like shaped antenna-receiver 
which can be placed on the roof of the lorry. Stationary tests on geographical positioning showed an average 
deviation ranging from 38.5 to 59.9 m; the number of observations within an accuracy of 100 m ranged from 85.8% 
to 96.8%. 
 
 

4. DISCUSSION 
 
4.1. The TETRAD-concept and prototype system 
 
The performance results showed that the principal question of the research could be answered in a positive sense. 
The collection and transmitting of disease and welfare related data (i.e. animal identification, body temperature and 
geographical position) is technically feasible during transport without major problems and without loss of data. 
Subsequent storage and processing in the data base station was also possible. Hence, on-line surveillance and 
monitoring of animal transports and vehicles are possible. At any moment the location and the status of animals and 
vehicles can be known. This is a major advantage over current surveillance practices, which suffer from e.g. time 
delays and inaccuracies (18, 14, 4). Nevertheless, the study indicated also some fields for necessary improvement 
before the use on large-scale can be considered. 
 
Reading distance of passive transponders appeared to be too low for continuous data collection from all the 
animals, particularly if the orientation of the transponder to the antenna was less optimal. Both the transponder and 
the antennae configuration have to be improved. The integration of data collection on identification and body 
temperature into one passive transponder-based system is possible (23, 8, 22). However, the current maximum 
reading distance of these systems is rather low: approximately 20 cm (22). An average reading distance of 75 to 100 
cm seemed to be the minimum requirement. 
 
Geographical positioning appeared to be accurate within approximately 100 m. These findings obtained with the 
C/A code (Coarse Acquisition) is consistent with those described elsewhere (11). For use within animal disease 
prevention and control, a minimum accuracy of 50 m is required, given the distance between some farms in very 
high density areas in Belgium (note: these areas particularly face disease risks; (6)). Differential GPS (DGPS) based 
on position corrections at the data base station, improves the accuracy to approximately 10 to 20 m (11), which 
would be sufficient. 



 

4.2. Future outlook 
 
On-line surveillance and monitoring of animal transports is a valuable tool in future animal production. The aspects 
of contagious disease control and prevention were already addressed. Other potential fields of application are: 
- the surveillance of animal welfare during (long distance) transport: the increased awareness of the general public 

will result in more severe transport regulations, which have to be monitored; 
- the public health: during the last years several illegal transports of livestock and meat, contaminated with disease 

agents or residues, were reported. On-line monitoring is a tool for (at least partially) preventing such actions. 
Moreover, such surveillance can also be applied to monitoring perishable food products; 

-  the quality assurance and logistics within Integrated Quality Control (IQC): livestock production within IQC 
schemes has become increasingly important and a TETRAD system can monitor the production process thereby 
increasing the assurance for both producers and consumers. 

 
Hardware is developing fast, particularly the miniaturisation of the electronics. Replacement of the PC-M by a 
'black-box' and subsequent incorporation of the GSM would serve both user-friendliness and cost-effectiveness. An 
entirely different approach is satellite communication for data transmission, which could be an alternative for 
GSM/PSTN because it is for instance independent of the (coverage of) base stations and the performance of the 
GSM network. In this approach data are transmitted from the mobile configuration to a satellite and subsequently 
further to a ground station (1). The latter is connected to the PC-S through the PSTN- or ISDN-network (Integrated 
Services Digital Network). During a preliminary trial both systems were compared (7). For the current Belgian 
situation satellite communication was shown to have two disadvantages: 
- the ground station allowed 5 retries in case set-up of a data connection failed, thereafter the data were deleted. 

Due to shortcomings in the international telephone connection between the ground station (located in the 
Netherlands) and the PC-S, which occurred rather frequently, this procedure resulted in an overall loss of 
approximately 29% of the collected data; 

- the costs for international telephone communication between the ground station and the PC-S were considerably 
higher compared with national GSM/PSTN communication. 

Therefore, for the current Belgian situation GSM/PSTN data communication was preferred for on-line monitoring 
and surveillance of animal transports. 
 
At first sight, mandatory electronic identification of all animals seems rather costly (17); the same holds for 
equipping all lorries for animal transports with a system like TETRAD. However in this respect, two developments 
must be kept in mind. Firstly, there is a growing political demand for tamperproof and reliable animal identification 
(i.e. electronic identification), both for fraud and disease prevention and control (5). Secondly, fleet-management 
and fleet-logistics in professional transport relies more and more on mobile data communication for route 
optimisation and reducing costs. Hence, what today appears an exception will be the standard for tomorrow. Such 
developments will obviously reduce the marginal costs associated with on-line surveillance and monitoring. 
Moreover, the various application fields listed above contribute also to cost sharing and hence cost-reduction. 
Finally, outbreaks of contagious diseases such as Classical Swine Fever are in most cases associated with high 
economic costs, which have to be paid by producers, governments, EU and consumers (16, 4). Of course, a careful 
economic evaluation has to decide in the end, whether systems, such as TETRAD, will be economically feasible or 
not. 
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ABSTRACT 
 

The objective of this study was to investigate sero-epidemiological aspects of Mycoplasma hyopneumoniae 
(Mh), influenza H1N1 and H3N2 viruses and Aujeszky’s disease virus (ADV) in fattening pigs from 150 randomly 
selected farrow-to-finish pig herds. Herd factors were examined as potential risk indicators for the percentage of 
pigs with antibodies against the 4 pathogens. The percentage of pigs seropositive for Mh increased with purchase 
of gilts and with slaughter date in March-April. The herd-level seroprevalences of both influenza viruses were 
higher in case of a higher density of pig herds in the municipality. A higher number of fattening pigs per pen 
additionally increased the risk of being seropositive for H3N2. The percentage of pigs with gE-antibodies against 
wild type ADV increased with higher airspace stocking density in the finishing unit, increasing herd size, 
increasing number of pig herds in the municipality and with slaughter date in March-April. 
 
 
 

SAMENVATTING 
 

De bedoeling van deze studie was meer inzicht te verkrijgen in sero-epidemiologische aspecten van Mycoplasma 
hyopneumoniae (Mh), influenza H1N1 and H3N2 virussen en het Aujeszky virus (AV) op 150 willekeurig 
geselecteerde gesloten varkensbedrijven. Bedrijfsfactoren werden onderzocht als potentiële risico-indicatoren 
voor de proportie seropositieve dieren voor deze 4 pathogenen. De seroprevalentie van Mh was significant hoger 
op bedrijven waar opfokzeugen werden aangekocht en bij een slachtdatum in maart-april. De seroprevalentie van 
beide influenza virussen was significant hoger als er in een gemeente meer varkensbedrijven aanwezig waren. 
Het percentage positieve dieren voor het H3N2 virus was ook hoger bij een toenemend aantal vleesvarkens per 
hok. De seroprevalentie van het AV werd significant beïnvloed door het aantal varkens per m3, de 
bedrijfsgrootte, het aantal varkensbedrijven in de gemeente en door een slachtdatum in maart-april. 
 



1. INTRODUCTION 
 

The present study was conducted to get insight into sero-epidemiological aspects of four important respiratory 
pathogens in pigs, namely Mycoplasma hyopneumoniae (Mh), influenza H1N1 and H3N2 viruses and Aujeszky’s 
disease virus (ADV). Previous studies focusing on the epidemiology of Mh have been conducted to estimate the 
seroprevalence of Mh in pig herds (Horst et al., 1997), and to discern risk factors associated with reinfection of 
SPF herds with Mh (Jorsal and Thomsen, 1988; Stärk et al., 1992; Thomsen et al., 1992). No information is 
available, however, about risk factors influencing the proportion of Mh seropositive pigs per herd. 
Epidemiological characteristics of porcine influenza viruses have been investigated mainly from a descriptive 
point of view (Haesebrouck and Pensaert, 1986), or else, the emphasis was put on public health aspects 
(Wentworth et al., 1994). Few studies (Elbers et al., 1990; 1992; Ewald et al., 1994) have so far investigated 
factors involved in the spread of influenza viruses within and between pig herds. The spread of ADV within and 
between pig herds has been the subject of many studies in Europe (Gloster et al., 1984; Elbers et al., 1990, 1992; 
Leontides et al., 1994; Stegeman et al., 1995) and North-America (Anderson et al., 1990; Morrison et al., 1991; 
Austin and Weigel, 1992; Weigel et al., 1992). However, the results of these studies are not always consistent. 
 
Because pig herds are commonly infected with different respiratory pathogens, it is imperative to investigate the 
epidemiology of these infections simultaneously in the same study population. Such an approach also allows to 
compare the epidemiological characteristics of different pathogens, and it guarantees that possible differences 
between the pathogens are not related to differences in study design. Many of the aforementioned studies have 
been carried out by evaluating unconditional associations between risk factors and disease, or have considered 
only a limited number of risk factors. In this respect, a multivariate study constitutes a very useful tool to 
examine a wide range of factors, and to investigate the effects of an individual factor while other factors are held 
constant. The specific aim of the study was to identify herd-level risk indicators for the proportion of pigs 
seropositive for these four respiratory pathogens at slaughter. 
 

 
2. MATERIALS AND METHODS 

 
2.1. General features of the study population 
The herds were located in the North-Western part of Belgium. This is an area with a surface of 11% of the 
country, and which contains 54% of the Belgian pig population i.e. approximately 2.7 million pigs. The study 
included farrow-to-finish (FTF) herds only. In all study herds, ADV vaccination was practised according to the 
mandatory vaccination scheme i.e. sows and boars two times per year with an inactivated vaccine or three times 
per year with an attenuated vaccine; gilts at least three times before first mating or insemination; fattening pigs 
(FP) at least once at the start of the fattening period. Vaccination against porcine influenza was practised in 23% 
of the herds. None of the herds had practised vaccination against Mh at least one year before the study was 
initiated. 
 
2.2. Selection of herds 
One hundred and fifty FTF pig herds were selected at random from the national registry (Sanitel, 1994). Herds in 
the area were stratified by herd size into three categories: 50 to 100 sows, 101 to 200 sows, and more than 200 
sows. Small herds (<50 sows) were excluded because they are unlikely to survive economically in the future. 
The number of selected herds per herd-size category was proportional to the number of sows in each herd-size 
category (Table 1). This selection procedure avoided overrepresentation of the numerous herds with 50 to 100 
sows. 



Table 1. The number of sows and the number of pig herds per herd-size category in the geographic area and in 
the study a 

 

 Herd-size category Total 

 50-100 sows 101-200 sows >200 sows  

Number of pig herds in the geographic area 1,132 799 198 2,129 

Number of sows in the geographic area  88,296 115,056 62,766 266,118 

Number of pig herds in the study 50 65 35 150 

Percentage of pig herds of the geographic 
area that was in the study 

4.4 8.1 17.7 7.0 

a Sanitel. Ministry of Agriculture and Middle Classes, Veterinary Inspection, World Trade Centre III, Boulevard 
Simon 30, 1210 Brussels 1994. 

 
 
First, a letter was mailed to the selected farmers introducing the study and its purpose. Next, they were contacted 
by phone and asked to collaborate. Thirteen percent (n=22) of the selected herd owners did not participate for the 
following reasons: slaughter of FP abroad (n=5), distribution of slaughter pigs to several slaughter plants (n=6), 
end of activity (n=2), no FTF herd (n=2), herd size too small (n=2), or refusal to participate (n=5). Random 
sampling was repeated in corresponding strata to replace these 22 herds.  
 
2.3. Collection of herd data 
The data were obtained by the first author through inspections of the pigs and the pig units, and through face-to-
face interviews of the pig farmers. A questionnaire with precise definitions of the data to record and pertaining to 
potential risk indicators for respiratory disease was used (Tables 2 and 3). 
 
 
Table 2. Potential risk indicators for respiratory disease on farrow-to-finish pig herds Descriptive data of 
continuous variables 
 

Potential risk indicator N a Min. 1° Quartile  Median 3° Quartile Max. 

Herd size  150 50 100 138 201 600 

Pig density in the municipalities (n=56) 
number of pigs per km2  
number of pig herds per km2 

 

 
150 
150 

 
72 
0.5 

 
699 
1.8 

 
953 
2.3 

 
2,073 
3.3 

 
3,582 
4.7 

PASDb in the finishing unit (m2/pig) 
ASSDc in the finishing unit (m3/pig) 
Number of pigs per compartment in the 
 finishing unit 
Number of pigs per pen in the finishing 
 unit  

150 
150 
147 
 
147 

0.43 
1.20 
75 
 

5.0 

0.66 
2.20 
120 

 
12.0 

0.69 
2.50 
280 

 
13.0 

0.75 
2.86 
400 

 
15.0 

1.50 
5.00 
1,000 

 
23.0 

Number of compartments in the 
 finishing unit  

150 1.00 1.00 1.00 4.00 16.00 

a Number of herds for which data were available 
b PASD: pen area stocking density 
c ASSD: airspace stocking density 



Table 3. Potential risk indicators for respiratory disease on farrow-to-finish pig herds - Descriptive data of 
categorical variables 
 

Potential risk indicators N a Categories (% of herds in each class) 

GENERAL FACTORS 

Month of slaughter  150 January-February (19), March-April (16), May-June (11), July-
August (14), September-October (21), November-December (19) 

FACTORS RELATED TO THE SOWS 

Breed 150 pure-bred (30), cross-bred (33), both (37) 

Purchase of gilts 150 yes (46), no (54) 

Number of herds from which 
gilts are purchased  

150 none (54), one (17), ≥2 (29) 

Percent of gilts purchased  150 0% (54), 1-60% (20), >60% (26) 

ADV vaccination scheme 146 at the end of pregnancy (3), all sows simultaneously (85), other 
schemes (12) 

ADV vaccine 148 inactivated (69), attenuated (31) 

Type of ADV vaccine strain 144 Bartha (34), Phylaxia (9), NIA3 (57) 

FACTORS RELATED TO THE GROWING/FINISHING PIGS 

All-in/all-out policy 150 not practised (63), in the nursery unit only (24), in all stages of 
production (13) 

Presence of growing unit  150 yes (59), no (41) 

Ventilation system in 
finishing unit  

150 natural, direct air-entry (46), mechanical, direct air-entry (21), 
mechanical, indirect air-entry (33) 

Compartmentalization 150 in all units (31), in nursery unit only (45), not practised (24) 

Type of floor in finishing 
unit  

150 fully slatted (8), partially slatted (92) 

Preventive medication in the 
growing/ finishing unit  

150 yes (11), no (89) 

Deworming  150 once during lifetime (74), more than once during lifetime (26) 

ADV vaccination scheme  148 single (86), double (14) 

ADV vaccine strain  141 Bartha (67), Alfort (15), Begonia (18) 

Porcine influenza vaccination 
scheme 

149 not practised (77), single (16), double (7) 

Hygiene within the unit  150 good (11), moderate (21), bad (68) 

Hygiene outside the unit  149 good (16), moderate (68), bad (16) 
a Number of herds for which data were available 
 
 
Herd size was defined based on the number of sows on the premises. The 12 months during which the study was 
conducted were grouped in bi-monthly periods using slaughter date. Almost all pure-bred sows were Landrace 
sows; the remaining were Yorkshire and Large White sows. Cross-breeds i.e. at least two-way crosses, were 
commercial hybrid sows or sows derived from own on-farm selection. In most cases, purchased gilts were 
bought at the age of 7 months. Herds purchasing gilts from more than one herd comprised herds that bought 
breeding pigs from multiple sources or from one source per purchase but that used more than one source. A 
compartment was defined as a subdivision of a building with its own ventilation system. All-in/all-out (AIAO) 
was considered to take place if the compartment (or the unit) was filled up the same day, was sold in one or two 
times, and when a complete depopulation had taken place prior to restocking. Preventive medication to healthy 



pigs implied routine use of broad-spectrum antibiotics during 1 to 4 weeks in the feed or in the drinking water 
against respiratory and enteric diseases. Hygiene measures within the unit referred to cleansing followed by 
disinfection or a stand-empty period of minimum three days between two production groups. Hygiene measures 
outside the unit referred to biosecurity measures i.e. prevention of disease entry by lorries carrying pigs, feed, or 
manure, presence of a sanitary room, use of unit boots, clothing, and protective head-gear. Distinction was made 
between herds in which these hygiene measures were always, sometimes or never practised. 
 
2.4. Slaughterhouse inspection 
From the 60 to 150 pigs sent to the slaughterhouse, 25 pigs per herd were blood sampled. Starting with the first 
pig, samples were taken at fixed intervals. The interval was determined by dividing the total number of FP 
delivered by 25. The systematic sampling scheme is not considered to have biased the serological data of the 
batch that was sent to slaughter.  
 
2.5. Serological testing 
Antibodies were measured on 25 (Mh, ADV) or 10 (both influenza viruses) blood samples per herd with 
commonly used serological tests. The 10 samples used to detect antibodies against both influenza viruses were 
randomly selected from the 25 blood samples. gE-antibodies were detected against wild type ADV. 
 
2.6. Statistical analysis 
Logistic regression analysis (SAS 6.12, proc genmod, 1997) was also used to assess the associations, at herd-
level, between the proportion of seropositive pigs (dependent variable) and potential risk indicators (independent 
variables). Overdispersion due to the non-independence between pigs of the same herd (McDermott et al., 1994) 
was taken into account by including a scale parameter in the logistic model (Collett, 1996). A forward stepwise 
procedure was used to select the variables which were significantly (P<0.05; two-sided) associated with the 
different seroprevalences (Neter et al., 1990). At each step, the variable with the lowest P-value was added to the 
model. This procedure was continued until no additional variables were significant. If any design variable of a 
categorical variable was significant, then any other associated design variables were retained in the model. First-
order interaction terms between significant independent variables were also tested in the intermediate and final 
models, and included if they were significant (P<0.05; two-sided). Squared terms of significant continuous 
variables were analysed in order to assess the assumption of linearity in the logit of the seroprevalence within the 
range of observed values (Hosmer and Lemeshow, 1989). In order to assess the goodness of fit of the final 
models (Mittlböck and Schemper, 1996), root mean squared errors (RMSE) were calculated according to the 

following formula: 
1

n
( )P Pobserved fitted−∑  2 with n denoting the number of herds, and P denoting the 

herd seroprevalence. Potential values for RMSE range between 0% and 100% with these endpoints 
corresponding to perfect predictability or complete lack of predictability by the model, respectively. OR’s and 
95% confidence intervals were calculated from the final logistic regression models.  
 

 
3. RESULTS 

 
The median herd-level seroprevalences were 76% for Mh, 100% for H1N1, 40% for H3N2, and 53% for ADV. 
The percentages of herds in which no seropositive pigs could be detected were: 1% for Mh, 4% for H1N1, 20% 

for H3N2, and 24% for ADV.  

 
The risk indicators associated with the proportion of pigs seropositive for Mh, influenza H1N1 and H3N2 viruses, 
and ADV are listed in Table 4. The seroprevalence of Mh increased with purchase of gilts, and with slaughter 
date in March-April. The seroprevalence of influenza H1N1 virus was higher in case of a higher density of pig 
herds in the municipality. The percentage of pigs seropositive for influenza H3N2 virus was higher with 
increasing number of pig herds in the municipality and with increasing number of FP per pen. The proportion of 
pigs seropositive for ADV increased with higher airspace stocking density in the finishing unit, higher herd size, 
more pig herds in the municipality, and with slaughter date in March-April.  
 
The interaction terms, and the squared terms of the continuous independent variables in the intermediate and 
final models were not significant (P>0.05). RMSE values for the final models were 19% for Mh, 38% for 
influenza H1N1 and H3N2 viruses, and 37% for ADV. These values correspond to a fairly high to moderate 
predictability of the final models (Mittlböck and Schemper, 1996). 



Table 4. Significant risk indicators in the final model, odds ratio’s (OR), 95% confidence intervals (CI) and P-
values for the seroprevalences of Mycoplasma hyopneumoniae (Mh), influenza H1N1 and H3N2 viruses, and 

Aujeszky’s disease virus (ADV) in slaughter pigs from 150 farrow-to-finish pig herds 
 

Pathogen Significant risk indicators in the final model OR [[[[95% CI ]]]] P-value 

Mh *purchase of gilts 
*slaughter date in March-April 

1.95 [1.41-2.68] 
1.84 [1.14-2.96] 

<0.001 
0.013 

H1N1 *number of pig herds in the municipality 1.98a [1.11-3.55] 0.022 

H3N2 *number of pig herds in the municipality 
*number of fattening pigs per pen 

1.46a [1.07-2.01] 
1.20b [1.03-1.40] 

0.019 
0.020 

ADV *airspace stocking density in the fattening unit 
*herd size 
*number of pig herds in the municipality 
*slaughter date in March-April 

0.52c [0.37-0.73] 
1.38d [1.15-1.64] 
1.83a [1.34-2.48] 
3.31 [1.39-7.90] 

<0.001 
<0.001 
<0.001 

0.007 

a increase of one herd per km2 
b increase of one pig per pen 
c increase of 0.5 m3 
d increase of 50 sows 

 
 

4. DISCUSSION 
 

The herds involved in this study are representative for the population of FTF pig herds with over 50 sows 
because they were selected at random within the selected region, and because the percentage of non-responders 
(13%) was fairly low (Thrusfield, 1997). The different number of blood samples for the respective pathogens i.e. 
25 for Mh and ADV and 10 for both influenza viruses, was partly determined by practical and budget 
considerations. These numbers permitted to detect at least one seropositive pig at the 95% confidence level from 
a group of 150 pigs for minimum seroprevalences of 11% and 25%, respectively.  
 
Jorsal and Thomsen (1988) found that the risk for reinfection of SPF herds with Mh was significantly increased 
by the number of herds from which pigs are purchased and not by the frequency of purchase. Other investigators 
(Willeberg et al. 1978) demonstrated a positive association between purchase of growing pigs and lung lesions. 
Since the present study was conducted in FTF pig herds, the effect of purchasing gilts and not growing pigs was 
investigated. The variables used to measure the purchase of gilts were highly correlated (data not shown) and all 
of them were, individually taken, significantly associated with the seroprevalence of Mh. Purchase of gilts 
expressed as yes/no variable was the most significant risk indicator. Various hypotheses can be raised to explain 
the positive association between purchase of gilts and the increased proportion of Mh seropositive slaughter pigs. 
Gilts often harbour Mh organisms in the respiratory tract. Transport and changes in management and housing 
conditions may decrease immunity in purchased gilts, and may lead to excretion of higher numbers of Mh when 
compared to gilts derived from own on-farm selection. Purchased gilts may also be responsible for the 
introduction of new, and possibly more pathogenic Mh strains in the herd. In addition, it cannot be ruled out that 
herds purchasing gilts were less permissive for sows with poor reproductive performance, and consequently that 
the culling rate of sows was higher in these herds compared to herds using home-bred gilts only. Because the age 
structure of the sows is important to conserve a stable herd immunity for EP (Hoy et al., 1986), a higher 
percentage of primiparous sows may be associated with a higher prevalence of Mh infections. Pigs slaughtered 
in March and April were at higher risk to be Mh seropositive compared to pigs slaughtered in other months. The 
higher risk to be seropositive at slaughter in this period is probably due to the cold and wet weather during 
winter. Such conditions can promote the spread of Mh within and between herds. Furthermore, ventilation may 
be decreased during this period to maintain an optimal temperature in the units. Previous studies showed that the 
prevalence and severity of lung lesions (Straw et al., 1986), and the reinfection rate of SPF pig herds with Mh 
(Stärk et al., 1992) were higher during the winter period. 
 



Ewald et al. (1994) found that a high regional pig density was a risk factor for herds to become infected with 
influenza H1N1 and H3N2 viruses. Similarly, we found that the proportion of seropositive pigs per herd 

increased with pig density in the municipality. A higher number of pigs or pig herds in the municipality may 
facilitate airborne transmission between herds, and may lead to increased contacts between herds (Madec et al., 
1982). An increase in the number of FP per pen was associated with a higher risk to be seropositive for influenza 
H3N2 virus. This factor allows more opportunities for direct nose-to-nose contact or for aerosol spread of virus 

between penmates. Furthermore, a large number of pigs per pen creates physiological stress, which in turn can 
alter the immune system and predispose pigs to infection. 
 
Decreased airspace stocking densities in the finishing unit were associated with a decreased risk to be gE 
positive for ADV. An increased air volume per pig results in a lower concentration of infectious particles, 
including ADV. This lower infection pressure leads to a decreased pig-to-pig transmission of ADV within the 
unit. Although the range in herd sizes (50-600 sows) was fairly small compared to other studies (Weigel et al., 
1992), we did find a positive association between herd size and ADV seroprevalence. This is consistent with 
results obtained by Anderson et al. (1990), Morrison et al. (1991) and Christensen et al. (1990), but it is in 
contrast with studies conducted by Weigel et al. (1992) ADV is introduced more often in large herds because 
they usually have more frequent contacts outside the herd than small herds. Furthermore, ADV may circulate 
persistently in a large herd because susceptible pigs are usually present, whereas the infection may fade out in 
small herds. Stegeman et al. (1995) reported less ADV transmission in herds with 100 or more sows than in 
herds with less than 100 sows, but the authors ascribed the lower ADV seroprevalence in larger herds to 
confounding effects of better management procedures in these herds. The proportion of ADV seropositive pigs 
in the present study was higher in herds located in municipalities with a high pig herd density. This corroborates 
with results of previous studies (Austin and Weigel, 1992; Weigel et al., 1992; Marsh et al., 1991). Transmission 
experiments of ADV showed that a higher density of pigs increases ADV spread because of the higher number 
of contacts between the pigs (Bouma et al., 1995). In a pig-dense region, the contacts by area spread increase and 
as a result, ADV may circulate more easily. The type of transmission modes by which ADV was transferred 
between the herds, however, cannot be elucidated from the present study. Pigs slaughtered in March and April 
had the highest risk to be seropositive against ADV. The higher risk can be attributed to the same factors as those 
mentioned above for Mh. These factors promote survival of the virus within a herd and transmission of the virus 
between herds. 
 
The spread of the four pathogens was investigated by assessing the proportion of seropositive pigs in each herd. 
The outcome of this parameter may be influenced by the spread of infections within and between herds. 
Serological testing has the characteristic that clinical as well as subclinical infections are detected. Success at 
preventing disease occurrence may be greater by concentrating on occurrence and spread of infections, rather 
than focusing solely on clinical disease.  
 
Finally, some comments should be made with regard to the use of a cross-sectional study design and the 
causality of the risk indicators. First, unmeasured variables associated with the seroprevalences of the 
investigated pathogens may be potent sources of confounding (Thrusfield, 1997). In order to minimize the effect 
of such factors, a large number of variables known to be associated with respiratory disease has been included in 
the analyses. Second, cross-sectional studies measure events at a particular time, and therefore suffer from the 
fact that cause and effect are sometimes difficult to separate. However, the risk indicators found in this study 
essentially fulfilled the criteria which can be used to transpose observed associations into causal relations. 
 
In conclusion, the present study pointed out for the first time that purchase of gilts, a high number of pigs per 
pen, and a high airspace stocking density in the fattening unit increased the risk for pigs to become seropositive 
for Mh, H3N2 and ADV, respectively. The results confirmed that the winter period, a high regional density of 

pig herds, and a large herd size constitute important risk factors for the spread of respiratory pathogens. Purchase 
of gilts, a high number of pigs per pen, and a high airspace stocking density are risk indicators that can be 
managed directly by farmers striving to attain or to sustain a high health status of the pigs. Density of pig herds 
in the municipality and herd size are less manageable by the farmers; these factors should be considered by the 
government in search for optimal control measures against these pathogens. 
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ABSTRACT 
 

This cross-sectional epidemiologic study was conducted in 150 randomly selected farrow-to-finish pig herds to 
investigate which non-infectious herd factors act as risk indicators for the prevalence and severity of 
macroscopic and microscopic lung lesions in slaughter pigs. Macroscopic lung lesions were recorded at slaughter 
on 25 pigs per herd; microscopic lesions were examined on 10 pigs per herd. The prevalence and severity of 
pneumonia were increased with a high purchase frequency of gilts, and with slaughter date in January-February. 
In addition, presence of a growing unit increased the severity of pneumonia lesions. The prevalence and severity 
of pleuritis lesions were higher with increasing number of pig herds in the municipality, slaughter date in 
January-February and March-April, respectively, and with poor biosecurity measures. Increasing airspace 
stocking density in the finishing unit additionally increased the risk for prevalence of pleuritis. The prevalence 
and severity of lymphohistiocytic infiltration were higher in herds purchasing gilts. Pigs raised in pens with 
slatted floors were also at higher risk for more severe lymphohistiocytic infiltration.  

 

 

 

SAMENVATTING 

 
Dit dwars-doorsnede onderzoek werd uitgevoerd in 150 willekeurig geselecteerde gesloten varkensbedrijven met 
de bedoeling om niet-infectieuze bedrijfsfactoren te relateren aan macroscopische en microscopische longletsels 
bij slachtvarkens. Macroscopische longletsels werden onderzocht bij 25 varkens per bedrijf; microscopische 
longletsels werden onderzocht bij 10 varkens per bedrijf. De prevalentie en de uitgebreidheid van pneumonie 
letsels namen significant toe met aankoop van fokzeugen, met slachtdatum in januari-februari, en in bedrijven 
met een voormestafdeling. De prevalentie en de uitgebreidheid van pleuritis letsels waren significant hoger bij 
een toenemend aantal varkensbedrijven in de gemeente, met een slachtdatum in respectievelijk januari-februari 
en maart-april, en in bedrijven met weinig preventie voor ziekte-insleep. Een toename van het aantal varkens per 
m3 was eveneens geassocieerd met een hogere prevalentie van pleuritis. De prevalentie en de uitgebreidheid van 
lymfohistiocytaire infiltratie waren significant hoger in bedrijven die fokzeugen aankochten. Varkens die in 
hokken werden gehuisvest met een volroostervloer hadden een significant hoger risico voor een meer uitgebreide 
lymfohistiocytaire infiltratie. 



1. INTRODUCTION 
 
The two main types of lung lesions in slaughter pigs are pneumonia, characterized by consolidated areas 
especially in the cranial lobes, and pleuritis, most frequently localized in the caudal lobes. It appears from 
Danish national statistics that both lesions taken together account for more than two third of all recorded lesions 
in slaughter pigs (Willeberg et al., 1984/1985). The economic losses incurred by the pig industry due to the 
presence of both lesions have been illustrated in different studies (Wilson et al., 1986; Morris et al., 1995). Other 
studies showed that there is a proportional relationship between the extension of pneumonia lesions and 
depression of performance. Hence, besides assessing the percentage of pigs with lung lesions, it is also 
imperative to investigate the severity of the lesions. 
 
In practice, the development of respiratory disease fundamentally depends on a balance between pressure from 
pathogenic microorganisms and the pigs’ ability to resist them. This balance is fragile and highly depends upon a 
lot of non-infectious herd factors. A number of studies have pointed to such environmental and management 
factors as risk factors for respiratory disease in FP (Flesja and Solberg 1981; Pointon et al., 1985; DiFranco et 
al., 1989). However, many of these studies have been carried out by evaluating unconditional associations 
between risk factors and disease, or have considered only a limited number of risk factors. In addition, the 
possible effect of factors operating before the finishing period or factors concerning the sows have generally 
been ignored. A cross-sectional multivariate study conducted in a large number of pig herds constitutes a very 
useful tool to examine a wide range of factors, and to investigate the effects of one factor while other factors are 
held constant. Results of previous epidemiologic studies dealing with lung lesions in pigs (Hurnik et al., 1994a) 
may not be generalized to other countries because of major differences in husbandry systems, type of 
investigated lung lesions and analytical techniques. 
 
Therefore, a research project was initiated in Belgian pig herds to correlate herd factors with macroscopic and 
microscopic lung lesions in slaughter pigs. Microscopic lung lesions were included because they may be present 
in lungs without macroscopic lesions, and because they persist for a longer time than macroscopic lesions 
(Kobisch et al., 1993; S∅rensen et al., 1997). The major objective of the study reported here was to identify and 
quantify non-infectious risk indicators for the presence and severity of pneumonia, pleuritis, and 
lymphohistiocytic infiltration in lungs of slaughter pigs from randomly selected farrow-to-finish (FTF) pig herds. 
 
 

2. MATERIALS AND METHODS 
 

2.1. Study population and herd factors 
The study population, the selection procedure and the different herd factors are described in a previous paper 
(Maes et al., 1999b). 
 
2.2. Slaughterhouse inspection 
From a group of 60 to 150 FP consigned to slaughter, 25 pigs were selected to record lung lesions. The lungs 
were selected systematically at fixed intervals from all pigs of the group. The lungs were palpated and visually 
appraised to detect pneumonia and pleuritis lesions by someone unaware of the potential risk indicators. 
Pneumonia lesions consisted of purple areas of consolidation in the apical, cardial, accessory, or cranial portions 
of the diaphragmatic lobes. The percentage area affected in each lobe was multiplied by each lobe’s relative 
weight, and the lung pneumonic score was the sum of all individual lobe scores. The apical lobes were 
considered to represent 10% of the lung each; the cardial lobes 7% each, the accessory lobe 6%, and both 
diafragmatic lobes 30% each. The presence and severity of pleuritis lesions i.e. inflammation of the visceral and 
parietal pleura, were assessed as follows: grade 1 pleuritis included lesions involving less than 5 cm2 of the lung 
surface, or adhesions between different lung lobes; grade 2 pleuritis included lesions exceeding 5 cm2 of the lung 
surface, or adhesions of lung lobes to the thoracic wall, to the pericardium or to the mediastinum. A mean 
pneumonia and a mean pleuritis score was calculated for each herd by summing the scores of all individual pigs 
in a herd, and by dividing this sum by 25. Potential values for these herd severity scores ranged from 0.00% to 
100.00% for pneumonia, and from 0.00 to 2.00 for pleuritis. These endpoints correspond with complete absence 
of lesions and maximal lesions in all pigs, respectively. 
 
Ten lungs in each herd were randomly selected from the 25 macroscopically evaluated lungs, and processed for 
histopathological examination. The specimens were collected at the junction of affected to unaffected tissue. In 
the case of no visible lesions, sections were obtained from the right cardial lobe. 



2.3. Histopathological lesions 
A block of tissue of approximately 1.5 cm3, including a bronchus, was collected from the lung samples. Tissues 
were fixed in 10% formalin and processed according to standard procedures using hematoxylin and eosin stains. 
Three slides were made from each block of tissue in order to increase the chance of detecting lesions. The 
histopathological findings were investigated by a pathologist who was blinded as to presence of macroscopic 
lesions and potential risk indicators. Severity of peribronchial, peribronchiolar, or perivascular lymphohistiocytic 
infiltration was scored on a scale of 0 to 2 as follows: score 0 was used for absence of lesions, score 1 for mild or 
focal lesions, and score 2 for moderate or severe lesions. A mean histopathologic score was calculated for each 
herd by summing the scores of all individual pigs in a herd, and by dividing this sum by 10. Theoretically, a 
mean histopathologic score could range from 0.00 to 2.00, with these values corresponding with complete 
absence of lesions and maximal lesions in all pigs, respectively. 
 
2.4. Statistical analyses 
Logistic regression analysis (SAS 6.12, PROC GENMOD 1997) was used to assess the associations, at herd-level, 
between the proportion of pigs with pneumonia, pleuritis, and lymphohistiocytic infiltration (dependent 
variables) and potential risk indicators (independent variables). Overdispersion due to the non-independence 
between pigs of the same herd (McDermott et al., 1994) was taken into account by including a scale parameter 
into the logistic model (Collett, 1996). A forward stepwise procedure was used to select the variables which were 
significantly (P<0.05; two-sided) associated with the lesions (Neter et al., 1990). At each step, the variable with 
the lowest P-value was added to the model. This procedure was continued until no additional variables were 
significant. If any design variable of a categorical variable was significant, then any other associated design 
variables were retained in the model. First-order interaction terms between significant independent variables 
were also tested in the intermediate and final models, and included if they were significant (P<0.05; two-sided). 
Squared terms of significant continuous variables were analysed in order to assess the assumption of linearity in 
the logit of the seroprevalence within the range of observed values (Hosmer and Lemeshow 1989). In order to 
assess the goodness of fit of the final models (Mittlböck and Schemper, 1996), root mean squared errrors 

(RMSE) were calculated according to the following formula: 
1

n
( )P Pobserved fitted−∑  2 with n denoting 

the number of herds, and P denoting the herd seroprevalence. Potential values for RMSE range between 0% and 
100% with these endpoints corresponding to perfect predictability or complete lack of predictability by the 
model, respectively. OR’s and 95% confidence intervals were calculated from the final logistic regression 
models. 
 
Linear regression analysis (SAS 6.12, PROCMIX 1997) was used to assess the associations, at herd-level, between 
the mean pneumonia, pleuritis and lymphohistiocytic infiltration score (dependent variable) and potential risk 
indicators (independent variables). A forward stepwise procedure was applied similarly as described for the 
logistic regression analysis. Where appropriate, transformations of the dependent variables were used. The 
goodness of fit of the models was assessed by calculating the explained variation in the data (R2), and by plotting 
standardized residuals against predicted values. 
 
 

3. RESULTS 
 

The median herd-level prevalences for the different lesions were: 24% for pneumonia, 16% for pleuritis and 60% 
for lymphohistiocytic infiltration. The percentage of herds in which none of the investigated pigs were affected 
by the different lesions was: 8.7% for pneumonia, 8.0% for pleuritis, 2.0% for lymphohistiocytic infiltration. The 
median herd-level severity scores for the different lesions were: 1.92% for pneumonia, 0.22 for pleuritis and 0.70 
for lymphohistiocytic infiltration. 
 
Significant risk indicators associated with the herd-level proportion of pigs affected with pneumonia, pleuritis 
and lymphohistiocytic infiltration are presented in Table 1. The prevalence of pneumonia was increased with a 
high purchase frequency of gilts (OR=1.31), and with slaughter date in January-February (OR=1.80). The 
prevalence of pleuritis was higher with increasing number of pig herds in the municipality (OR=1.28), slaughter 
date in March-April (OR=1.74), poor biosecurity measures (OR=1.73), and increasing airspace stocking density 
in the finishing unit (OR=1/0.82=1.22). The prevalence of lymphohistiocytic infiltration in the lung tissue was 
higher in herds purchasing gilts (OR=1.56). 



Table 1. Significant risk indicators (P<0.05) in the final logistic models, odds ratio’s (OR), 95% confidence 
intervals (CI), and P-values for the herd-level prevalences of pneumonia, pleuritis, and lymphohistiocytic 
infiltration in slaughter pigs from 150 farrow-to-finish pig herds 
 

Dependent variable Significant risk indicators in the final model OR [[[[95% CI]]]] P-value 

Prevalence of pneumonia -frequency of purchasing giltsa 
-slaughter date in January-February 

1.31 [1.11-1.55] 
1.80 [1.34-2.41] 

 

0.001 

<0.001 

 
Prevalence of pleuritis -number of pig herds in the municipalityb 

-slaughter date in March-April 
-poor biosecurity measuresc 
-airspace stocking density in the finishing unitd 

 

1.28 [1.12-1.46] 
1.74 [1.20-2.53] 
1.73 [1.20-2.49] 
0.82 [0.76-0.88] 

<0.001 
0.004 
0.003 
0.007 

Prevalence of lympho-
histiocytic infiltration 

-purchase of gilts 1.56 [1.20-2.03] 0.010 

 

a three classes: no purchase; ≤60% of gilts purchased; >60% of gilts purchased 

b increase of one pig herd per km2 
c referred to prevention of disease entry from outside the herd 
d increase of 0.5 m3 per pig 
 
 
Significant risk indicators associated with the herd-level severity scores of pneumonia, pleuritis, and 
lymphohistiocytic infiltration in the lung tissue are shown in Table 2. The severity score of pneumonia was 
higher with increasing frequency of purchasing gilts, slaughter date in January-February, and in herds with a 
growing unit in which pigs are raised from 70 days until approximately 120 days of age. The severity of pleuritis 
was higher with increasing number of pig herds in the municipality, poor biosecurity measures, and with 
slaughter date in January-February. The severity score of lymphohistiocytic infiltration in the lung tissue was 
higher in herds with slatted floors in the finishing unit, and with an increasing frequency of purchasing gilts. 
 
 
Table 2.  Significant risk indicators (P<0.05) in the final linear models, regression parameters (β), standard 
errors of regression parameters (SE (β)), and P-values for the herd-level severity scores of pneumonia, pleuritis, 
and lymphohistiocytic infiltration in slaughter pigs from 150 farrow-to-finish pig herds 
 

Dependent variable Significant risk indicators in the final 
model 

ββββ ±±±± SE (ββββ) P-value 

Severity score of pneumonia  
 

-frequency of purchasing giltsa 
-slaughter date in January-February 
-presence of a growing unit 

0.635 ± 0.192 
0.983 ± 0.413 
0.726 ± 0.330 

0.001 
0.019 
0.029 

 
Severity score of pleuritis  
 
 

-number of pig herds in the municipalityb 
-poor biosecurity measuresc 
-slaughter date in January-February 

0.060 ± 0.016 
0.086 ± 0.029 
0.086 ± 0.042 

<0.001 
0.004 
0.043 
 

Severity score of 
lymphohistiocytic infiltration 
 

-slatted floor 
-frequency of purchasing giltsa 

0.091 ± 0.031 
0.265 ± 0.097 

<0.001 
0.043 

 

a three classes: no purchase; ≤60% of gilts purchased; >60% of gilts purchased 
b increase of one herd per km2 

c referred to prevention of disease entry from outside the herd 



The interaction terms and the squared terms of the continuous independent variables in the intermediate and final 
logistic and linear models were not significant (P>0.05). RMSE values for the final logistic models were 16% for 
pneumonia, 14% for pleuritis, and 20% for lymphohistiocytic infiltration in the lung tissue. These values 
correspond to a fairly high predictability of the final logistic models (Mittlböck and Schemper 1996). The R2 
values of the final linear models, namely 14% for pneumonia, 16% for pleuritis, and 9% for lymphohistiocytic 
infiltration, indicated that a fairly low percentage of variation in the herd-level severity scores of the lesions is 
explained by the models. The plot of standardized residuals against fitted values showed no evidence for a 
pattern in variance. Transformations of the dependent variables did not improve the fit of the linear regression 
models. 

 
 

4. DISCUSSION 
 
The percentages of pigs with pneumonia (24%) and pleuritis lesions (16%) in the present study were comparable 
to those found in other studies (Mousing et al., 1990; Elbers et al., 1992; Hurnik et al., 1994b). The prevalence of 
lymphohistiocytic infiltration in the lung tissue (60%) was much higher than the prevalence of macroscopic lung 
lesions. Part of this higher prevalence may be attributed to different healing times of the lesions. The resolution 
time for pneumonia lesions ends up to approximately 8 weeks (Kobisch et al., 1993) or 10 weeks (Whittlestone 
1972). The resolution time for pleuritis lesions is 8 to 12 weeks (Mousing 1988). Lymphohistiocytic infiltration 
in the lungs may persist for at least 4 months (Underdahl et al., 1980). Consequently, the faster healing process 
of macroscopic pneumonia and pleuritis lesions may conceal many of these lesions gained early in the fattening 
period from registration at slaughter. The higher prevalence of microscopic lesions may also be attributed to the 
fact that low infection levels, insufficient to induce macroscopic lung lesions, may have caused 
lymphohistiocytic infiltration in the lung tissue. 
 
The proportion of affected tissue in each lung lobe was assessed by means of palpation and visual appraisal of 
the lungs. This scoring system has been shown to be a valid alternative under field conditions to more detailed 
methods (Hurnik et al., 1993; Davies et al., 1995). Furthermore, the scoring of the lung lesions was performed by 
the same investigator in a blinded manner to avoid both between-investigator variation and interpretative 
subjectivity. The amount of lymphohistiocytic infiltration in the perivascular and peribronchiolar tissues was 
assessed using a standardized method previously described by Zielinski and Ross (1990). Three slides were 
made from each block of tissue in order to increase the sensitivity of the histopathological testing.  
 
The prevalence as well as the severity of pneumonia lesions were increased in pigs slaughtered in January-
February, and in pigs derived from herds with a high frequency of purchasing gilts. It is generally believed that 
the adverse effects during winter are mediated by a high relative humidity, by wide air temperature variations, 
and by a reduced ventilation rate during this period to help maintain the temperature in the units. Because this 
study was carried out in FTF pig herds in which no growing pigs are purchased, it was possible to investigate the 
sole effect of purchasing gilts on the respiratory health status of the FP. The different variables used to measure 
the effect of purchasing gilts were highly correlated (data not shown) and all of them were, individually taken, 
significantly associated with the prevalence and severity of pneumonia. Frequency of purchasing gilts was the 
most significant variable. A positive association between purchase of growing pigs and pneumonia lesions was 
already demonstrated in a previous study (Willeberg et al., 1978). The presence of a growing unit in which pigs 
are housed from 70 days until approximately 120 days of age has the advantage that these pigs do not share the 
same airspace with older finishing pigs. This potential benefit, however, could not be demonstrated in this study. 
Moreover, pneumonia lesions in slaughter pigs were more severe in herds with a growing unit. Possibly, in these 
herds, respiratory infections occurred at a later age after transfer to the finishing unit, resulting in a situation 
where the lesions were not (yet) healed at slaughter. These respiratory infections may also be more prevalent or 
more severe due to physiological stress reactions associated with an additional transfer of pigs from the growing 
to the finishing unit. Or else, environmental conditions in the finishing unit were possibly more harsh in herds 
with a growing unit. 
 
Pleuritis lesions occurred more frequently and were more severe in FP from herds located in regions with a high 
pig herd density. A direct explanation for this association is not available. Airborne transmission of respiratory 
pathogens between herds must be considered, but in pig-dense regions, contacts between herds may also increase 
and facilitate possible transmission of pathogens by different routes e.g. by vehicles, clothing, birds, rodents and 
flies. Slaughter pigs raised in herds with poor biosecurity measures were at higher risk to have pleuritis lesions. 
In these herds, measures aimed to prevent disease entry by visitors, and by lorries carrying pigs or pig products 
were seldom or not practised. An increased air volume per pig results in a lower concentration of infectious 
particles, which in turn causes a decreased pig-to-pig transmission of pathogens. Although the results of this 



study demonstrated that lowering airspace stocking density was effective to decrease the prevalence of pleuritis 
lesions, herd owners are not easily convinced to integrate this measure into their management. The main reason 
for their reserve is that the beneficial effects of low stocking densities on respiratory health may be 
counterbalanced by economic losses resulting from decreased utilization of the herd facilities. The results of the 
present study further suggested that high airspace stocking densities exert a greater effect in predisposing pigs to 
pleuritis than does a high number of pigs per pen or per compartment, and that airspace stocking density may 
override the effect of pen area stocking density. Similar conclusions were made by Pointon et al. (1985) in a 
study aimed to find risk factors for pneumonia lesions. We found that pigs slaughtered during late winter and 
early spring were at increased risk to have pleuritis lesions. The higher risk can be attributed to the same factors 
as those mentioned above for pneumonia. Osborne et al. (1981) and Elbers et al. (1992), however, reported the 
highest prevalence of pleuritis in slaughter pigs to occur during late spring and during the summer. A direct 
explanation for the different results is not available. The specific causes or mechanisms responsible for seasonal 
variations in the prevalence of pleuritis await further studies. Danish studies showed that slaughter weight is also 
associated with the prevalence of pleuritis (Mousing et al., 1990) i.e. a decreasing slaughter weight (age) at 
slaughter was associated with an increasing prevalence of pleuritis. The exact age of the slaughter pigs was not 
registered in the present study. FP raised in Belgian FTF pig herds are mostly slaughtered between 190 and 210 
days of age (Maes et al., 1999a). 
 
Lymphohistiocytic infiltration in the lung tissue was higher in slaughter pigs derived from herds purchasing gilts, 
and in slaughter pigs raised in pens with slatted floors. Purchasing gilts may be responsible for the introduction 
of pathogens for which the other pigs of the herd are immunologically naive. In this respect, purchasing gilts 
may destabilize the herd immunity, increase the infection pressure in the herd, and it may cause more severe 
microscopic lung lesions. In addition to the higher stocking density for pigs housed in pens with fully slatted 
floors (data not shown), it is speculated that the gas levels were on average somewhat higher in these pens. This 
may have enhanced the susceptibility to infectious respiratory pathogens, resulting in more severe pulmonal 
lymphohistiocytic infiltrations in pigs housed in pens with fully slatted floors than in pigs from pens with 
partially slatted or solid floors.  
 
Many risk indicators influencing the prevalence of the lesions were similar to those influencing the severity of 
lesions. The mean severity score in each herd was calculated over all lungs inspected, and not over affected 
lungs only. This approach was used to avoid that some mean herd scores would be based on only very few pigs. 
Except for month of slaughter, factors affecting pneumonia appeared to be different from those affecting 
pleuritis. Although influences of non-infectious herd factors are often discussed generally, this study documents 
that the herd factor-lung lesion associations depend upon the lesion under consideration. 
 
The logistic regression models showed fairly low RMSE values. This corresponds to a good predictability of the 
prevalence of the lesions by the final models. Herd factors included in the linear regression models, however, 
explained a (fairly) low percentage of the total variability in severity of the lesions. The large amount of 
unexplained variation can be attributed to the dynamic nature of the lesions, possible unmeasured risk factors, 
and the inability to determine the exact onset and duration of the lesions in each pig. 
 
In conclusion, the identification of the different risk indicators as pointed out in the present study may help 
producers and veterinarians to implement appropriate health management programs. Decisions to manipulate 
risk factors in attempts to control lung lesions should also consider animal welfare aspects, and should take into 
account performance and economic considerations. The same conditions that are conducive to the development 
of lung lesions, however, may also adversely affect performance. Frequency of purchase, biosecurity measures, 
and airspace stocking density in the finishing unit are risk indicators that can be tackled easily by farmers 
striving to optimize the respiratory health status of the pigs. 
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ABSTRACT 
 
This paper describes the epidemiological characteristics of the 1997 Classical Swine Fever (CSF) outbreak that 
occurred in the Limburg Province of Belgium. Eight herds, located in three different areas, were confirmed to be 
CSF-positive. The mode of virus introduction for the two herds that were considered to be primary infected 
could not be determined. Clinical, serological, and virological findings indicate that except the primary infected 
herd the other infected herds were detected in an early stage of the infection,. This early detection, together with 
a preventive stamping out procedure, resulted in a rapid elimination of the CSF-virus. A total of 74,140 pigs 
were slaughtered in the framework of the outbreak. The total direct costs of the episode were estimated at � 
10,893,337. 
In the second part of the paper a logistic regression model (Laevens, 1999), which describes the chance of a 
neighbouring herd to become infected, was validated using the 1997 CSF-epidemic. The sensitivity was low for 
different cut-off levels of the predicted probability to become infected. This might be due to the fact that herds, 
which were infected through direct contact rather than neighbourhood spread, were classified as not affected in 
this model. The specificity was 0.88 for the cut-off level with corresponding with a maximum sensitivity, which 
means that at this level 12% of the non-infected neighbouring herds would be emptied. 
 
 

SAMENVATTING 

Dit artikel beschrijft de epidemiologische karakteristieken van de Klassieke Varkenspestuitbraak (KVP) die zich 
in 1997 in de Belgische provincie Limburg heeft voorgedaan. In acht varkensbedrijven, gelegen in drie 
verschillende gebieden, werd de KVP-infectie geconfirmeerd. De mode van virusintroductie voor de twee 
bedrijven die primair werden geïnfecteerd, kon niet worden achterhaald. Klinische, serologische en virologische 
bevindingen tonen aan dat behalve het primair geïnfecteerde bedrijf, de andere geïnfecteerde bedrijven 
gedetecteerd werden in een vroeg stadium van de infectie. Deze vroege detectie, samen met een preventief 
eradicatieprocedure, resulteerde in een snelle eliminatie van het KVP-virus. In totaal werden in het kader van de 
uitbraak 74.140 varkens geslacht. De totale directe kosten verbonden aan de uitbraak werd op � 10.893.337 
geraamd. 
In een tweede deel van het artikel wordt een logistische regressiemodel (Laevens, 1999), dat de kans beschrijft 
voor een buurtbedrijf om geïnfecteerd te worden, gevalideerd met behulp van de 1997 KVP-epidemie. De 
gevoeligheid was laag voor de verschillende drempelwaarden die de voorspelde kans om geïnfecteerd te worden 
weergeven. Dit kan een gevolg zijn van het feit dat buurtbedrijven die eerder door direct werden geïnfecteerd 
dan door buurtbesmetting werden geïnfecteerd, in het model als niet geïnfecteerd geclassificeerd werden. De 
specificiteit was 0.88 voor de drempelwaarde met maximale gevoeligheid, wat betekent dat 12% van de niet 
geïnfecteerde bedrijven zouden worden opgeruimd. 



1. INTRODUCTION 
 
In the mid-80s a non-vaccination policy, combined with a strategy of stamping-out infected herds, was 
implemented in the European Union, in order to control Classical Swine Fever (CSF). The control of outbreaks 
of CSF that have occurred in several Member States since that time was often costly (Vanthemsche, 1995; 
Anonymous, 1998). This paper describes the epidemiological characteristics of a CSF outbreak involving eight 
herds that were confirmed to be CSF-positive between 30 June and 17 July 1997 in the Limburg Province of 
Belgium. These outbreaks were part of the larger pan-European CSF-epizootic that affected several Member 
States at that time. 
 
Using a logistic regression model, Laevens (1999) showed that the chance of a neighbouring herd to become 
infected depended on the size of the pig population of the neighbouring herd, the distance from the neighbouring 
herd to the primary infected herd, and the length of time that the neighbouring herd was downwind from the 
primary infected herd during the infectious period of the latter. The second objective of the present paper was to 
validate the logistic regression model, using the neighbourhood infections that occurred with the Limburg 
outbreak.  
 

2. MATERIALS AND METHODS 
 
2.1 Investigative procedures and disease control 
 
As soon as the herd veterinarian suspected a case of CSF in the primary infected herd, the Veterinary Services of 
the Ministry of Agriculture were informed and the control measures were initiated as in Council Directive 
80/217/EEC (Anonymous 1980) and its subsequent modifications. During the initial visit by the Veterinary 
Services, an inventory was taken of all the animals on the farm, the layout of the barns was mapped and all the 
movements on the farm that occurred up to six weeks earlier were registered. Investigations were carried out 
with respect to disease history (anamnesis, morbidity and mortality) and clinical symptoms. Three clinically sick 
pigs were euthanised and taken for post-mortem examination as well as for virological and serological diagnosis. 
CSF-virus antibody detection and CSF-virus isolation was carried out as described by Koenen and others (1996). 
A commercial antigen kit was used (CSF-Virus CHEKIT, Dr Bommeli AG, Stationstrasse 12, Bern, 
Switzerland) to detect CSF-virus antigen. 
 
For a period up to six weeks prior to the date of confirmation of the CSF diagnosis, all possible contact herds 
were traced on and traced back. Direct contacts, where pigs had been transferred from CSF infected herds to 
contact herds, as well as indirect contacts through persons which had entered the stables, pig transport vehicles, 
feed supplies, rendering plants, and manure transports were considered. All the contact herds were visited and 
the above mentioned investigations and examinations were carried out. 
 
All contact herds confirmed to be CSF-positive were emptied and disinfected. In addition all herds located 
within a 1 kilometer (1-km) radius of the infected herds and the pigs in herds in contact, through pig transfer or 
through persons who had entered the stables were preventively emptied and disinfected. At the time of stamping 
out, on average 15% (median 11%) of the pigs in the herds were blood sampled for serological diagnosis and on 
average 17% (median 12%) of the pigs were sampled for virus isolation. The proportion of samples that was 
collected was higher in stables and compartments with diseased pigs than in stables and compartments with non-
diseased. Virus isolation was carried out either on tonsils, which were pooled 5 to 1. For any additional farm that 
was found positive for CSF, the epidemiological investigations regarding contacts were carried out in a similar 
manner as for the other contact herds. 
 
2.2 Model validation 
 
In order to calculate the likelihood of a neighbouring herd to become infected, a number of non-overlapping 
zones with a 1-km radius (1-km zones), around an infected herd that was first diagnosed as CSF-positive 
(primary infected herd) in that area, were defined. Each of these areas contained at least one neighbouring herd. 
 
For every neighbouring herd, the infection status, the number of pigs, the distance to the primary infected herd, 
and the length of time that the neighbouring herd was downwind from the primary infected herd during the 
infectious period of the latter, were recorded. The infection status was determined by the virological and 
serological diagnosis carried out when the herds were emptied. The infectious period started at the moment of 



the estimated date of virus introduction and ended on the date of emptying. The date of virus introduction was 
estimated using the results of the epidemiological, serological, and virological examinations.  

 
Using the logistic regression model (Table 1), as described by Laevens (1999), the probability for every 
neighbouring herd to become infected was calculated. In order to calculate the sensitivity, specificity, and 
positive predictive value of this proposed model, these probabilities were compared at different cut-off levels to 
the actual infection status of the neighbouring herds at the time of emptying (gold standard).  

 
Table 1:  Logistic regression model used to estimate the chance of a neighbouring herd to become infected 

Regression parameter  Coefficients 
Intercept  - 10.1018 
Pig population on neighbouring herd  0.0103 
Quadratic term of pig population on neighbouring herd  - 1.5937 x 10-6 

Distance from primary infected herd  - 0.0073 
# Observations downwind from primary infected herd1  0.0557 

1  four observations per day with a 6-hours interval, during the infectious period of the primary herd  
 
For every neighbouring herd that was diagnosed negative for CSF-virus, the probability of overlooking an 
infection at the day of stamping out was estimated. The number of CSF-infected pigs that could have been 
present on the day of stamping out was calculated by using a hypergeometric distribution and taking the herd 
size and the blood sample size into account,  
 

3. RESULTS 
 
3.1 Descriptive epidemiology 
 
Between June 30 and July 4, 1997, eight herds with CSF were discovered in three different areas in the Limburg 
Province of Belgium (Figure 1) (Table 2). All are considered areas with a low pig density (Table 2). The 
Bocholt-Bree and the Voeren areas mainly contain of “farrow to finish” and fattening herds whereas the 
Tongeren area mainly consist of breeding and “farrow to finish” herds.  
 

Table 2: Description of the different areas where the CSF outbreak occurred 

Area Infected herds (n)  Protection zone 
(3-km radius) 

 Surveillance zone 
(10 km radius) 

 primary secondary  # pig farms pigs/km²  # pig farms pigs/km² 
Bocholt-Bree 1 5  36 549  259 347 

Voeren 1 -  11 178  20 21 
Tongeren 1 -  24 169  264 181 

 
 
Table 3: Description of the non overlapping 1-km zones (1 km radius) 

Outbreak ID # pig farms infected herds pigs/km² Area 

97/1 13 11 + 4² 4,622 Bocholt-Bree 
97/2 11 1² 2,055 Bocholt-Bree 
97/3 1 1² 82 Voeren 
97/6 1 11 447 Tongeren 

1 primary infected herd 
² secondary infected herd 

 

Deleted: ¶



3.2 Bocholt-Bree area 

 
The mode of virus introduction into the primary infected herd could not be determined. A possible route of 
introduction is a pig hauling company, which collected pigs from the primary infected herd and was also 
involved in the eradication program of the Dutch CSF epizootic. 
From the five secondary infected herds in the Bocholt-Bree area, four were located within the 1-km zone that 
surrounded the primary infected herd. The remaining secondary infected herd was located at a distance of 
approximately 2,600 metres from the primary infected herd. The 1-km zone surrounding the remote secondary 
infected herd did not overlap the 1-km zone surrounding the primary infected herd (Table 3). Classical swine 
fever virus was most likely introduced on all five secondary infected herds of the Bocholt-Bree area through 
contact with the primary infected herd. Three of these five most likely were infected through the supply of 
infected fattening pigs coming from the primary infected herd. For the two remaining secondary infected herds, 
indirect contacts with the primary infected herd through people entering the stable, pig transport, feed transport, 
or the lorries of the rendering plant, had occurred.  

 

3.3 Voeren area 

 
No other pig herds were present within the 1-km zone that surrounded the one herd that was diagnosed CSF-
positive for the Voeren area. The most likely route of virus introduction in this herd was through the supply of 
infected fattening pigs coming from the primary infected herd of the Bocholt-Bree area. No CSF virus 
transmission from this infected herd to other pig herds could be found.  
 

Figure 1: Map of the Belgian provinces indicating the different areas where CSF-outbreaks occurred 
 



3.4 Tongeren area 

 
Also for the outbreak in the Tongeren area, no other pig herds were present within the 1-km zone of the one herd 
that was diagnosed CSF-positive, and no CSF-virus transmission from this CSF-positive herd to other pig herds 
could be found either. The CSF-positive herd had no direct or indirect contact with the primary infected herd of 
the Bocholt-Bree area, or with other CSF-infected areas in Europe.  

 

 

3.5 Clinical symptoms, morbidity, and mortality 

 
Prominent clinical symptoms were observed in the primary infected herd of the Bocholt-Bree area, where an 
overall morbidity of 17% (breeding pigs: 0%; fattening pigs: 32%; piglets: 1%) was found. Based on the disease 
history, clear clinical symptoms were present in this herd for approximately two weeks before the first visit of 
the Veterinary Officers. In five other infected herds only weak clinical signs were found and the morbidity 
varied from 0 to 4%. In the two remaining CSF-positive herds, no clinical reaction was noticed and the CSF 
infection was only diagnosed through the sampling at the time of stamping out.  
 
The clinical symptoms found in fattening pigs were anorexia, apathy, ataxia, bad general condition, 
conjunctivitis, coughing, diarrhoea, fever, sneezing, and snorting. In breeding pigs only apathy, ataxia, and fever, 
was observed, whereas in piglets only apathy, ataxia, and conjunctivitis, were seen. In general, a higher 
morbidity was noticed in the fattening pigs.  
 
Figure 2 shows the evolution of mortality in the infected herds during the six weeks prior to the week in which 
they were emptied. Mortality gradually increased during this period as did the proportion of dead fattening pigs. 
 

3.6 Serological and virological results 

 
At the time of stamping out, CSF-virus was isolated from tonsils and leucocytes for all eight infected herds. Both 
CSF-virus antigen and antibodies were detected in blood samples collected from the primary infected herd of the 
Bocholt-Bree area and from the one of the Voeren area. Also for three secondary infected herds of the Bocholt-
Bree area CSF-virus antigen was detected in serum. No CSF-virus antigen nor antibodies were detected in blood 
samples of the remaining infected herds (Table 4). 
 
 
 
 
 

Figure 2: Evolution of mortality in the weeks prior to stamping 
out 
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3.7 Control measures 
 
Eight infected herds and 56 non-infected herds were emptied, i.e. a total of 46,561 pigs. Reimbursement of these 
pigs towards the farmers was valued at � 6,015,180. In the framework of the market support programme 
another 27,579 pigs were slaughtered. Reimbursement of these pigs was valued at � 3,987,227. With the 
addition of � 890,930 operation expenses, the total cost of this episode was � 10,893,337 (G. Lamsens, 
personal communication). 

 
3.8 Model Validation 
 
There were four non-overlapping 1-km zones, of which two contained at least one neighbouring herd (Table 3). 
In those two 1-km zones, the logistic regression model was applied to four herds that were diagnosed positive 
and 17 herds that were diagnosed negative for CSF at the day of stamping out. The sensitivity, specificity and 
positive predictive value of the probability to become infected at different cut-off levels are shown in Table 5. 
Using the hypergeometric distribution, the average number of CSF-infected pigs that could have been present on 
16 herds that were diagnosed negative at the day of stamping out was estimated to be 27.9 (SD= 9.1; P=0.95).  
 
Table 4: Number of herds where the CSF-infection was detected by the different diagnostic tests 

Area  Herds CSF-virus 
isolation1 

CSF-virus antigen 
in serum²  

CSF-virus 
antibodies1 

Bocholt-Bree Primary 
secondary 

1 
5 

1 
5 

1 
3 

1 
0 

Voeren primary 1 1 1 1 
Tongeren primary 1 1 0 0 

1 CSF-virus isolation and CSF-virus antibody detection as described by Koenen and others (1996). 
2 CSF-virus antigen by Ag-ELISA (CSF-Virus CHEKIT, Dr Bommeli AG, Stationstrasse 12, Bern, 

Switzerland). 

 

4. DISCUSSION 
 
4.1 Descriptive epidemiology 
 
Serological results of previous experimental CSF-infections in pigs (Depner and others, 1994, 1997, Dahle and 
others, 1995, Laevens and others, 1999) showed that neutralising antibodies could be detected as soon as two to 
three weeks after virus inoculation. The serological findings in this study, together with the outcomes of the 
disease history and the epidemiological investigations, suggest that the moment of CSF-virus introduction, for 
the six seronegative infected herds in our study, was not earlier than two weeks before the time of stamping out.  
 
The CSF-infected herd in the Voeren area was found seropositive at the time of stamping out, but no prominent 
clinical signs were noticed during the first visit of the Veterinary Service, i.e. two days before stamping out. In 
several experimental CSF-infections in pigs (Depner and others, 1994, Dahle and others, 1995, Koenen and 
others, 1995), the first prominent clinical signs appeared between two and three weeks after inoculation. 
Therefore one can estimate the moment of virus introduction in the herd in the Voeren area to be two to three 
weeks before the time of stamping out. Indeed, three weeks before the herd was emptied weaned pigs originating 
from the primary infected herd of the Bocholt-Bree area were introduced and probably served as source of 
infection. 
 
Clear clinical symptoms were present in the primary infected herd of the Bocholt-Bree area one to two weeks 
before the herd was emptied. This means that CSF-virus was introduced at least three to five weeks before the 
herd was emptied. Therefore the presence of CSF-virus on the primary infected herd of the Bocholt-Bree area 
was detected late. 
 
Although the CSF-infection was detected late on the primary infected herd, the infection in the other CSF-
infected herds was detected early. The early detection of the infection in the latter herds, together with the 
elimination of neighbouring and contact herds, resulted in a rapid eradication of the CSF-virus. 



 
A higher mortality was noticed in fattening pigs and piglets compared to breeding pigs. More pronounced 
clinical signs were noticed in fattening pigs and the overall mortality and the proportional mortality in fattening 
pigs increased towards the official identification of the suspected CSF infection. Koenen and others (1996) 
described the same phenomena for a Belgian CSF-outbreak that occurred in 1993-94. 
 
4.2 Model validation 
 
A neighbourhood infection has been defined as the introduction of CSF-virus on a herd located in the close 
neighbourhood of an infected herd, were the source of the virus is unknown (Westergaard, 1988). Calculating the 
chance of neighbouring herds to become infected through a neighbourhood infection, can be used as a decision 
support system in the control of CSF outbreaks, i.e. herds to be eliminated can be ranked by likelihood to 
become infected. This ranking can be used to list the herds according to the priority to carry out the investigative 
and stamping-out procedures. Using the logistic regression model for this purpose implies that the estimated 
probability of neighbouring herds to become infected should have a high sensitivity, since it is important that all 
infected herds are detected.   
 
In this study the sensitivity was low for the different cut-off levels (Table 5). This is due to the fact that two of 
the four CSF-infected neighbouring herds had a low predicted probability to be CSF-positive. A likely 
explanation for this mismatch is that each of these two herds was owned by a farmer who also managed one of 
the other infected herds. Furthermore, a third herd was most probably infected through introduction of infected 
pigs so that only one herd was truly to be considered as a case of neighbourhood infection.  
 
On the other hand, two of the 17 neighbouring herds that were diagnosed negative for CSF at the day of 
stamping out had a high probability to become infected, according to the model. The number (and proportion) of 
pigs that could have been positive in those herds was 25 (1%) and 28 (2%) respectively. Therefore the possibility 
exists that the CSF-infection was not diagnosed at the day of stamping out in the two neighbouring herds with a 
high probability to become infected according to the model. 
 
When a sensitivity close to 100% could be achieved then the decision support system could also be used to 
determine which herd would not be slaughtered. In our study a specificity of 0.88 was calculated for the cut-off 
level with a maximum sensitivity, which means that at this level 12% of the non-infected neighbouring herds 
would be emptied. 
 
Table 5:  Sensitivity, specificity and positive predictive value for the estimation of the probability to become 

infected  

cut-off level sensitivity  
(95% C.I.) 

specificity  
(95% C.I.) 

positive predictive value 
(95% C.I.) 

0.10 0.50   (0.10 - 0.90) 0.65   (0.37 - 0.86) 0.25   (0.05 - 0.69) 
0.20 0.50   (0.10 - 0.90) 0.82   (0.55 - 0.94) 0.40   (0.08 - 0.81) 
0.30 0.50   (0.10 - 0.90) 0.88   (0.63 - 0.98) 0.50   (0.10 - 0.90) 
0.40 0.25   (0.01 - 0.75) 0.88   (0.63 - 0.98) 0.33   (0.02 - 0.87) 
0.50 0.25   (0.01 - 0.75) 0.88   (0.63 - 0.98) 0.33   (0.02 - 0.87) 
0.60 0.25   (0.01 - 0.75) 0.88   (0.63 - 0.98) 0.33   (0.02 - 0.87) 
0.70 0.25   (0.01 - 0.75) 0.94   (0.70 - 1.00) 0.50   (0.03 - 0.98) 
0.80 0.25   (0.01 - 0.75) 0.94   (0.70 - 1.00) 0.50   (0.03 - 0.98) 
0.90 0.25   (0.01 - 0.75) 1.00   (0.81 - 1.00) 1.00   (0.05 - 1.00) 
1.00 0.00   (0.00 - 0.53) 1.00   (0.81 - 1.00) - 
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ABSTRACT 
 
As DNA profiles are inherent to an animal and cannot be lost or removed, genetic identification can provide a 
solution to abuse.  In a population study of 5 local breeds 25 or 50 unrelated animals were genotyped for 33 
bovine microsatellites, a class of DNA markers.  Matching probabilities, or the chance to observe two animals 
with the same genotype, were calculated.  Individual loci values range from 0.0268 for TGLA53 on Black Pied 
animals to 0.5160 for CSSM014 in the Belgian Blue breed.  The highest probability observed for a set of 9 
selected markers is 1 in 1.95 x 10-08 chance that two animals carry the same profile in the Red of West Flanders 
herd.  The lowest probability is found to be less than 1 in 1.87 x 10-10 in the Red Pied breed.  As these chances 
exceed the estimated number of cattle in Belgium DNA typing can be considered as an efficient identification 
tool. 
 
 

SAMENVATTING 
 
Vermits DNA-profielen eigen zijn aan een dier en niet verloren of verwijderd kunnen worden, kan genetische 
identificatie een oplossing bieden tegen misbruiken.  In een populatiestudie van 5 lokale runderrassen werd het 
genotype van 25 of 50 onverwante dieren bepaald voor 33 microsatellieten die een klasse DNA-merkers 
uitmaken.  Overeenstemmingsprobabiliteiten of de kans tot het bekomen van twee dieren met eenzelfde 
genotype werden berekend.  De waarden voor individuele merkers variëren van 0,0268 voor TGLA53 in het 
Zwartbonte ras tot 0,5160 voor CSSM014 in het Witblauwe ras.  De hoogste probabiliteit bekomen voor een set 
van 9 merkersystemen bedraagt 1.95 x 10-08 kans dat twee dieren eenzelfde profiel bezitten in het Rode ras van 
West-Vlaanderen.  De laagste kans van 1 in 1.87 x 10-10 vindt men weer in het Roodbonte ras.  Aangezien deze 
kansen het aantal geschatte Belgische runderen overstijgen mag men DNA-typering als een efficiënt 
identificatiemiddel aanzien. 
 
 

1. INTRODUCTION 
 
Nevertheless world-wide several methods exist to identify cattle, none is resistent to abuse.  Until today genetic 
variability in cattle was explored by classical genetic markers such as blood groups or blood cell, serum and milk 
proteins, which have a small number of alleles and relatively a low level of heterozygosity.  Moreover they are 
restricted in tissu sampling for investigation, sensitive to conservation or even sex limited. 
Recent developments in genetic technologies enable the identification and characterisation of any animal since a 
new type of DNA markers, the so-called microsatellites, were described (7,12).  These short tandem repeat loci 
(STR) are markers at which alleles differ in length due to differences in the number of short, 1-5 base pairs (bp) 
sequence motifs arranged adjacent to one other.  Most are (CA)n dinucleotide repeats, which are abundantly and 
randomly distributed throughout the mammalian genome and are highly polymorphic.  They are inherited in true 
Mendelian fashion and represent closed codominant systems, allowing determination of both alleles and 
therefore providing complete genotype information for each locus.  Microsatellite polymorphism can be 
identified through the amplification of the microsatellite DNA using the polymerase chain reaction (PCR; 10), 
followed by subsequent electrophoresis of the amplified DNA fragments on a polyacrylamide gel (14).  The 



large number of alleles and a high level of heterozygosity displayed by microsatellites make them especially 
valuable as genetic marker. 
The primary aim of this study was to evaluate the variability of microsatellite markers in Belgian cattle breeds 
and to validate the use of DNA tests in an unambiguous genetic identification of animals. 
 
 

2. MATERIAL AND METHODS 
 
2.1.  Animals 
 
Samples were taken from animals belonging to 5 local breeds: Belgian Blue (WB), Black Pied (ZB), Red Pied 
(RB), White and Red of East Flanders (WR) and Red of West Flanders (RO).  To obtain as nearly a randomly 
sample of each breed as possible samples were collected from 50 unrelated, pedigree-checked animals of each 
breed except for the Red of West Flanders where only 25 purebred animals could be bled.  Blood samples were 
taken in E.D.T.A.-tubes and kept frozen at -20°C until DNA extraction. 
 
2.2. Amplification of genetic DNA markers 
 
Genomic DNA was isolated from the peripheral wbc by standard (phenol/chloroform) methods as described by 
Sambrook et al. (11).  DNA was recovered by isopropanol precipitation and dissolved in 10 mM Tris-HCl pH 
7.5 and 1 mM E.D.T.A. pH 8.0.  A set of 33 bovine microsatellites was chosen to genotype all animals (for more 
details see 8).  Amplification was done in 5 or 10 µl multiplex PCRs comprising 50 ng template DNA, primers 
each from 0.0165 µM to 0.2 µM, dNTPs each at 200 µM, 0.125 units Taq Polymerase, 10 mM Tris-HCl (pH 
8.3), 50 mM KCl and MgCl2 concentration related to the multiplex (8, 9).  Fragment length of the PCR 
amplification product was visualised using fluorescence-labelled forward primers on an A.L.F. Express DNA 
sequencer (Pharmacia, Uppsala, Sweden) using 4 % Liquigel gels with 7 M urea and 0.6 x TBE running buffer.  
The addition of internal and external lane standards enables precise sizing of all products and compensates for 
lane to lane and gel to gel variations typically seen in slab gel analysis (14).  The variable number of repeat units 
allows to detect the polymorphism at each locus and to genotype each animal. 
 
2.3.  Data analysis 
 
Gene counting was used to estimate the allele frequencies in every breed for these co-dominant systems, the 
appropriate standard errors for those estimates are simple binomial standard errors.  To determine the chance that 
two individuals would share identical DNA profiles matching probabilities for every locus were calculated using 
the formula proposed by Hanset (6) and cumulated over loci by Van Zeveren (13): 
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where pi en pj are the allele frequencies of the i-th and j-th allele of a locus with mj alleles and r is the number of 
loci explored. 
 
 

3. RESULTS 
 
For all of the microsatellites loci analysed, there were differences in allele frequencies between samples from the 
different breeds.  Calculated matching probabilities are given in table 1.  Individual loci values for this 
probability of genetic identity range from 0.0268 for TGLA53 in Black Pied (2 chances in 100 to find two 
animals with the same profile) to 0.5160 in Belgian Blue for CSSM014 (1 chance in 2).  These individual loci 
values are rather high but combining several markers auspicious results are obtained.  Genotyping a set of 6 
markers recommended by the International Society for Animal Genetics (ISAG) for breeding purposes and 
exchanges of DNA certificates all over the world, these values range from 1.05 x 10-05 to 3.07 x 10-07.  Even 
more, using the set of 9 loci analysed in the routine lab probabilities vary from 1.95 x 10-08 in the Red of West 
Flanders breed to 1.87 x 10-10 in the Red Pied population. 



 

Table 1.  Matching probabilities for 33 microsatellite loci in 5 Belgian breeds.  See text for abbreviations.  
DNA markers recommended by the ISAG are marked with an *. The set of 9 microsatellite loci used in 
the routine lab is indicated by a +. 

locus/breed WB 
n = 50 

ZB 
n = 50 

RB 
n = 50 

RO 
n = 25 

WR 
n = 50 

ETH3   0,0620 0,1185 0,0923 0,1449 0,1859 
ETH225  + 0,0897 0,1029 0,0937 0,1774 0,0856 
ETH10   0,1666 0,1201 0,0900 0,2149 0,0939 

multiplex 1 0,0009 0,0015 0,0008 0,0055 0,0015 

INRA005 0,2204 0,2295 0,2250 0,2221 0,2872 
INRA063 0,2911 0,3020 0,3082 0,3714 0,1675 
INRA023  + 0,0539 0,0771 0,0529 0,0619 0,0574 

multiplex 2 0,0035 0,0053 0,0037 0,0051 0,0028 
HEL1 0,2054 0,2141 0,1364 0,1713 0,1624 
HEL5 0,1759 0,2223 0,1413 0,1529 0,1021 
HEL13 0,3126 0,2718 0,1931 0,4303 0,2334 

multiplex 3 0,0113 0,0129 0,0037 0,0113 0,0039 
BM2113  *  + 0,0654 0,0466 0,0359 0,0596 0,0659 
BM1824  *  + 0,1838 0,1098 0,1422 0,1636 0,0975 
BM1818 0,0862 0,2125 0,2626 0,0998 0,1126 

multiplex 4 0,0010 0,0011 0,0013 0,0010 0,0007 
CSSM014 0,5160 0,3309 0,2343 0,3649 0,3950 
CSSM016 0,1523 0,1016 0,0740 0,1246 0,0624 
CSSM022 0,1282 0,1726 0,1763 0,1595 0,1726 

multiplex 5 0,0101 0,0058 0,0031 0,0073 0,0043 
SPS113 0,1101 0,1222 0,0751 0,0893 0,0745 
CSSM036 0,0826 0,1009 0,1044 0,0825 0,1466 
SPS115  *  + 0,2282 0,1947 0,1946 0,2260 0,2326 

multiplex 6 0,0021 0,0024 0,0015 0,0017 0,0025 
CSSM047 0,3828 0,4640 0,3872 0,2921 0,3002 
CSSM042 0,0501 0,0689 0,0741 0,0959 0,0468 

multiplex 7 0,0192 0,0320 0,0287 0,0280 0,0140 
TGLA48 0,3430 0,1879 0,2037 0,1862 0,2759 
TGLA263 0,2598 0,1259 0,1802 0,2871 0,1877 
TGLA53 0,0412 0,0268 0,0354 0,0336 0,0384 
MGTG7 0,1563 0,2426 0,1417 0,1569 0,0985 

multiplex 8 0,0006 0,0002 0,0002 0,0003 0,0002 
TGLA57  + 0,1408 0,1408 0,1229 0,1692 0,1538 
TGLA73 0,1756 0,1281 0,2549 0,1649 0,2094 
MGTG4B 0,1189 0,1070 0,0816 0,1246 0,1087 
AGLA293 0,2802 0,4026 0,1860 0,2605 0,2019 

multiplex 9 0,0008 0,0008 0,0005 0,0009 0,0007 
TGLA227  *  + 0,0862 0,0410 0,0382 0,1057 0,0719 
TGLA126  *  + 0,1090 0,1780 0,1417 0,1989 0,1232 
TGLA122  *  + 0,1119 0,0467 0,0570 0,2265 0,0930 

multiplex 10 0,0011 0,0003 0,0003 0,0048 0,0008 
MM8D3 0,2252 0,1098 0,0996 0,3506 0,1006 
MM12E6 0,0883 0,2289 0,1823 0,1394 0,0924 

set ISAG * 2,88 x 10-06 3,40 x 10-07 3,07 x 10-07 1,05 x 10-05 1,23 x 10-06 

set routine lab + 1,96 x 10-09 3,79 x 10-10 1,87 x 10-10 1,95 x 10-08 9,30 x 10-10 

 



4. DISCUSSION 
 
Genotypes of all animals in all breeds were easily determinable.  Some alleles were found in only one breed, 
although these alleles were at such low frequencies that they are unlikely to be useful as a unique marker for a 
specific breed.  Only little amounts of DNA are required to amplify the target sequence in the PCR-based 
analyse and using multiplex PCR and loading a single run can define genotypes at tens of loci (14).  The number 
of microsatellite loci that can be incorporated in the test is rather unlimited as almost 2,000 of these DNA 
markers are explored and mapped in cattle for the moment (1, 2).  Blood can be used as a DNA source, but as the 
DNA test has the attractive feature that it is not limited to a specific tissue, several other materials like hair roots, 
milk, meat and semen may be used as an option that is more convenient for sampling.  This DNA technology 
provides reliable fragment size recognition, despite samples are tested months apart, from a variety of tissue 
sources and using both fresh and stored material.  As DNA can be extracted from virtually every nucleated cell 
type and in every tissue, DNA genotyping can be used as the ultimate animal identification.  Only monozygotic 
twins will have identical DNA profiles for all markers tested (5).  White blood cell chimaerism can cause some 
problems in determing the true genotype of dizygotic twins if one uses blood as DNA source.  But they will be 
distinguished from each other analysing animal specific tissues like hair roots or semen (3, 4). 
 
Several identification tools exist to identify single animals.  But ear tags, tattoos, sketches, electronic 
transponders etc. are open to abuse or can be lost.  A good identification system should fulfil following 
characteristcs: staying lifelong, being inviolable, reliable, unfalsifiable, practical in use and economically 
attractive.  Nevertheless DNA typing does not answer all this purposes it can provide a solution to the problem 
of fraudulent abuse.  Indeed DNA and the corresponding profiles of an animal cannot be lost, removed or 
corrupted.  The matching probabilities calculated in this study exceed the number of animals estimated in 
Belgium at some 3.2 million heads.  In this respect the application of genetic identification is a tool that creates 
an ideal missing-link between individuals and their paper-based identity cards.  Even more, security on 
identification of an animal and its accompanying documents is guaranteed from birth, during life-time and even 
after the animal has been killed.  Therefore a reference sample should be taken from every animal for preference 
at an early stage of life.  Conservation of samples or DNA is no problem as DNA tests are not limited to fresh 
blood unlike blood typing. 
 
At EU level regulation 820/97 requires a system for the identification and registration of bovine animals and the 
labelling of beef and beef products.  Through the application of this molecular genetic technique (scientific) 
traceability of meat and meat products is now a fact.  Labelling the meat with the same identification data as the 
living animal and a subsequent possibility of a DNA test on both samples (reference sample during life and meat 
sample in the slaughterhouse or at the butcher) guarantee this traceability which is not any longer based on an 
associated paper trail only. 
 
It can be concluded that DNA typing is a powerful tool for unambiguous genetic identification of cattle and can 
be used for traceability in the production system. 
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ABSTRACT 
 
Selection for high production efficiency has resulted in a higher risk for behavioural, physiological and 
immunological problems with considerable impact on the farm profits. Broadening of the selection goal could 
overcome these undesirable side effects. In order to explore if individual differences in behavioural traits exist in 
gilts, and if these differences are linked with zootechnical parameters, the latency time (LT) in a human approach 
test (AT) and the dominance rank index (DI) in a food competition test were determined in 396 purebred gilts. 
Daily growth, backfat thickness and body weight were positively correlated with DI, and negatively with the LT. 
Gilts that never made contact performed poorer (daily growth: 571.6 vs. 603.4 g, backfat thickness 9.9 vs. 12.0 
mm) and were older at first insemination (261.5 vs. 243.9 days). The highest-ranking gilts could be inseminated 
earlier (228.3 vs. 246.1 days). Furthermore, gilts that were culled prematurely had a longer LT. Hence, there 
exists a trend for behavioural consistency between social rank and fear of humans, having an effect on 
zootechnical performance. Nevertheless, the associations were rather low, indicating that other factors explain 
more the observed variability. Further behavioural and physiological measurements in the same animals could 
clarify these associations. 
 

SAMENVATTING 
 
Selectie op productiviteitsverhoging heeft een hogere gevoeligheid voor gedrags-, fysiologische en 
immuniteitsproblemen met zich meegebracht. Een verbreding van de selectieobjectieven zou deze ongewenste, 
financieel nadelige effecten kunnen voorkomen. In deze studie werd onderzocht of individuele verschillen in 
stressverwerking bestaan bij gelten, en of deze verschillen gekoppeld zijn aan zoötechnisch relevante parameters. 
Hiertoe werd de latentie (LT) tot het maken van contact met een persoon en de sociale rangorde (DI) in een 
voedercompetitietest bepaald bij 396 gelten. Dagelijkse groei, rugspekdikte en lichaamsgewicht waren positief 
gecorreleerd met DI en negatief met LT. Gelten die nooit contact maakten met de mens, hadden een lagere 
dagelijkse groei (571,6 t.o.v. 603,4 g), een lagere rugspekdikte (9,9 t.o.v. 12,0 mm) en werden later 
geïnsemineerd (261,5 t.o.v. 243,9 dagen). De ranghoogste gelten werden sneller geïnsemineerd (228,3 t.o.v. 
246,1 dagen). Voortijdig opgeruimde gelten hadden een langere LT. Uit deze resultaten mogen we besluiten dat 
er een associatie bestaat tussen de rangorde en de vrees voor de mens, met weerslag op de productiviteit. De 
associaties waren aan de lage kant, wat er op wijst dat andere factoren een grotere rol spelen in de variabiliteit. 
Bijkomende gedragsobservaties en fysiologische testen bij dezelfde dieren kunnen de gevonden verbanden 
verder uitdiepen.  



 
1. INTRODUCTION 

 
There is a growing concern about the welfare of intensively held farm animals. Expectations are that group 
housing will become mandatory for gilts and sows within the European Union. Up to now, the current practice is 
to keep sows in stalls for the major part of their reproductive cycle. Within the framework of selection 
procedures for production and reproduction, gilts and sows are housed in comparable standardised 
environmental conditions. However, the selected animals or their offspring shall have to produce on other farms 
in sometimes very different conditions. If those animals have difficulties - in the short or long term - in adapting 
to the new situation, the expected improvement of production or reproduction results will not be realised. 
Besides, the welfare of these animals may be reduced. Hence, it would be very beneficial if it could be possible 
to select pigs for stress coping capacity. Moreover, within the concept of ‘Resource Allocation Theory’ (8) 
selection for high production efficiency implies that a higher proportion of resources is allocated to this trait and 
less resources will be left to respond adequately to other demands, such as coping with stressors. In other words, 
the adaptation capacity of the animal will be affected. Hence, when the optimum is reached, production can be 
further increased only if the internal and/or external resource situation is improved, or the breeding goal is 
redefined (37). 
In most farm animal species, consistent individual differences in response to different environmental challenges 
have been described: in cattle (15, 16, 19, 46,), in goats (22, 23, 24), in sheep (4). However, a number of studies 
about the existence of these differences in behavioural strategies in pigs show diverging results: Spoolder et al. 
(39) did not find significant correlations between social and non-social tests in 15 weeks old female pigs. Stable 
individual differences in response to non-social challenges were found by Lawrence and co-workers (21) in 7 to 
8 months old gilts, but these differences did not predict responses to a social group-feeding competition test. 
Chadwick and Rust (6) and Arey (1) did not find significant correlations between social rank and subsequent 
reproductive parameters in sows. However, Mendl et al. (29) found that the strategy used to cope with the social 
environment, measured as the success rate in agonistic interactions had strong consequences for physiological 
state and reproductive success. The results of Olsson et al. (32) were very similar: the highest ranking sows had 
the fewest number of empty days, best growth rate during gestation, the fewest number of injuries, and the 
lowest percentage with signs of disease. 
Concerning the influence of social status on growth parameters, the opinions are more divergent: McBride and 
co-workers (26) and Beilharz and Cox (1) found significant positive correlations between body weight and rank 
in groups of same-aged pigs, where Rasmussen et al. (36) and Meese and Ewbank (27) did not. Growth rate was 
correlated with the social rank in the experiments of McBride et al. (26) and of Olsson et al. (32), but not in the 
experiments of Blackshaw et al. (3) and Nielsen et al. (31). 
The negative effects of fear of humans on the zootechnical performances in pigs are well-documented (30), but 
facts are rather dispersed. Hence, a research project was started with the objective to find out if individual 
differences in stress-coping capacity exist in gilts, and if a relationship with production performance (growth 
rate, backfat thickness, and age at first insemination) could be established. In order to explore this criterion and 
to examine the possibility to select animals on their aspecific coping pattern, the social rank and the fear of 
humans were evaluated and the intra- and intertest consistency was verified. It was expected that gilts with the 
highest dominance rank index and the shortest latency time to interact with the experimenter had the best 
production performance. 



 
2. ANIMALS, MATERIALS AND METHODS 

 
2.1. Animals and housing 
 
In this study, 396 seven to eight months old purebred gilts of eight different genetic lines were used. These 
animals were housed in groups of eight individuals at most, in naturally ventilated pens on a pig-breeding farm. 
The pens measured 3.4 by 4.3 meter. The gilts were fed a commercial pig feed (± 2 kg/gilt/day, Kwaliteit 
Seghers nr. 486) daily at 7.30 a.m. This feed was spread out evenly in a common feed trough, extending nearly 
the whole width of the pen and perpendicular to the passage. Drinking water was available ad libitum. Every 
morning the gilts were controlled for oestrus by using the backpressure test in the presence of a boar. After 
artificial insemination, the gilts were taken out of the pen and housed individually. 
 
2.2. Behavioural tests 
 
Each animal was marked for individual identification. In a human approach test (AT), the experimenter stepped 
into the pen and started a countdown-stopwatch. When a gilt made contact with the person, the backnumber was 
spoken into a microcassette recorder in order to score latency time to first contact with the person (LT). The test 
ended when all gilts had made contact, or after three minutes at the latest. This test was repeated two times 
during two weeks, beginning one week after grouping of the gilts. Hence, for each gilt four latency times were 
recorded (LT1 to LT4). In addition, the mean of those four latency times (MLT) was computed for each 
individual. If a gilt did not interact with the person within the maximum observation time of three minutes, its 
latency time was scored as equal to three minutes. 
In a three-minute food competition test (FCT), conducted late in the afternoon, a small quantity of food was 
dropped in a corner of the trough. Individuals being displaced or displacing others were identified. After this 
period, the same small amount of food was dropped in the opposite corner of the trough, and again all agonistic 
interactions were scored during three minutes. This food competition test was also started one week after 
grouping and repeated twice a week until the gilts were inseminated and housed individually, so that only in the 
first four tests the group composition was nearly always the same. A dominance rank index (DI), a slight 
modification of the success index formulated by Mendl et al. (29), was calculated for each individual: i.e. the 
ratio of the number of interactions won by that individual to the total number of interactions of that individual, 
multiplied by 100. For each individual, the indices were calculated for each observational session separately and 
the mean index over the four observations, MDI, was also computed. If a gilt did not interact in a FCT, the 
denominator was equal to zero, so the dominance rank index could not be calculated and was considered as a 
missing value. 
 
2.3. Zootechnical parameters and reason for culling 
 
All the gilts used in the tests were raised in a selection-farm, where they stayed from 8 weeks until they reached 
puberty at 7 to 8 months. This period was called ‘test period’. At the end of this test period, at an expected mean 
body weight of 110 kg (real mean body weight: 110.1 ± 9.4 kg), the gilts were weighed again and their backfat 
thickness was measured at two places using an ultrasonic device: 7 cm cranial to the last rib, 7 cm left and right 
to the vertebral column. In doing so, the following parameters could be determined: body weight at 8 weeks 
(BW8WK), body weight at 110 kg (BW110), daily growth from birth to the end of the test (DGBIR), daily 
growth during the test (DGTST), relative growth during the test period (RGTST) and backfat thickness (BFT). 
Based on these data, the gilts were selected by the selection engineers. The selected gilts were transported back 
to the breeding farm, for carrying out the behavioural tests one week after arrival. Hence, the animals could 
adapt to their new environment and the social hierarchy could be established. 
The age at first insemination (AGEI1) was noted for each gilt. Some of the sows were culled early in their 
reproduction life. The reason (e.g. leg weakness, anoestrus,…) was noted. For statistical analysis, these reasons 
were divided in two major groups: reproduction related disorders and other reasons. 
 
2.4. Statistical analyses 
 
The data were analysed with the SAS-software package (40). Firstly, the normality of the distribution of each 
parameter was controlled by the UNIVARIATE-procedure. Next, Spearman rank correlation coefficients were 
calculated between the variables of the different behavioural tests and between the zootechnical results and the 
behavioural scores. In order to compare different classes of animals, the NPAR1WAY-procedure (Wilcoxon 
rank-sum test or Kruskal-Wallis test) was used for analysing not normally distributed variables and the GLM-
procedure was used for normally distributed data. 



 
3. RESULTS 

 
3.1. Human Approach Test 
 
The mean of the latency times (LT) decreased from the first to the fourth approach test (means ± SD): 
respectively 92.7 ± 73.9 s; 70.4 ± 72.9 s; 62.7 ± 73.0 s and 54.3 ± 71.2 s. The Spearman rank correlation 
coefficients between the latency times were highest between two consecutive AT. Latency times were 
independent from group size, but were dependent from the genetic line: using the Kruskal-Wallis test, significant 
differences between genetic lines for LT1, LT3 and MLT (P < .01), and a strong tendency for LT4 (P = .062) 
were found. 
 
3.2. Food Competition Test 
 
The means ± SD of DI1, DI2, DI3 and DI4 were respectively: 44.6 ± 40.8; 45.4 ± 39.5; 44.5 ± 38.3 and 
41.4 ± 39.7. Spearman rank correlation coefficients between DI1 and the other three rank indices were rather 
low, but the correlations within the three other rank indices were rather high (around .40). No influence of the 
genetic line on the dominance rank indices was found. 
 
3.3. Associations between the parameters of the behavioural tests 
 
Considering the whole experimental population, the Spearman rank correlations between latency times of the 
approach tests on the one side and dominance rank indices on the other side, were either very low (-.10) or non 
significant. When these associations were explored for each genetic line separately, higher correlations  were 
found for some genetic lines. 
 
3.4. Associations between zootechnical performance and the behavioural parameters 
 
When all genetic lines were taken together, only non-significant or rather low (maximum absolute value: .19) 
Spearman rank correlation coefficients between zootechnical performance and behavioural parameters were 
found. If the same analysis was performed for each genetic line separately, higher correlations (absolute values 
between .30 and .90) were found in most genetic lines. 
There was no association between the behavioural parameters as gilt and the age at first insemination (AGEI1). 
However, the gilts with a longer MLT tended to have a higher AGEI1 (r = .12, P = .057). Gilts that never made 
contact with the experimenter over the four AT (n = 17) had a significant higher AGEI1 (261.5 vs. 243.9 days) 
than those animals that did (n = 231). Likewise, their body weight (105.0 vs. 111.3 kg) and backfat thickness 
(9.9 vs. 12.0 mm) at the end of the test period, growth rate during the test-period (693.1 vs; 734.8 g) and from 
birth to the end of this test period (571.6 vs. 603.4 g) were also significantly lower. Gilts with a MDI of 100 
(n = 11) tended to have a lower AGEI1 compared to the mid (0<MDI<100, n = 199)- and low (MDI = 0, n = 31) 
ranking gilts (228.3 vs. 246.1 days, P = .067). However, there were no significant differences in the zootechnical 
performance between those groups.  

 
3.6. Reason for culling 
 
The behavioural parameters as gilt of the culled sows were compared with those of the non-replaced ones. The 
replaced sows had a significantly higher rank score for LT1 (215.0 vs. 165.7, P < .0001, N = 352), LT2 (198.9 
vs. 168.3, P < .02, N = 349), LT3 (211.0 vs. 174.2, P < .006, N = 363) and MLT (234.5 vs.180.6, P < .0001, 
N = 382). There were no significant differences between both groups concerning the dominance rank indices. 
A comparison between the scores of the behavioural parameters of the sows culled for reproduction reasons on 
the one hand and those culled for non-reproduction reasons on the other, did not yield any significant difference. 



 
4. DISCUSSION 

 
In the present approach tests, mean of the latency times decreased from the first to the fourth test, indicating 
habituation. Correlation coefficients were highest between two consecutive AT. However, individual variability 
was high and differences between genetic lines were found, suggesting that this behaviour is genetically 
determined. Terlouw et al. (43) also found a difference in approach behaviour towards humans between Durocs 
and Large Whites. Hemsworth et al. (12) observed an increase in approach behaviour of gilts in consecutive 
tests, and a heritability coefficient of .38 for this trait, so-called fear of humans. However, Marchant et al. (25) do 
not share this point of view and think that the behaviour of a pig in the ‘Human Approach Test’ reflects more the 
motivation to investigate than the fearfulness of humans. Probably the reaction of the animal is the net outcome 
of the competition between the tendency to approach novel or complex stimulation on the one hand and the 
tendency to avoid it as fear-evoking on the other (38). 
The correlations between DI1 and the other three rank indices of the food competition tests were low, but within 
these three rank indices, the correlation coefficients were rather high. A possible explanation is that the gilts had 
to ‘learn’ the test situation: they were not used to the experimental procedure of administration of a limited 
amount of feed in a single corner of the trough. There was no association between the genetic line and the 
dominance rank indices. McBride and collaborators (26) compared the dominance rank of Large Whites with 
Berkshires. Their data did not show a difference in social rank between both breeds either. 
The correlations between the latency times of the approach tests and the dominance rank indices were very low 
or non-significant for the whole experimental population. Only in four genetic lines, the correlation coefficients 
were moderate to high and negative. This means that the more dominant animals had a shorter approach time. 
Spoolder et al. (39) did not find any significant correlation between the reaction to a person in an open-field test 
situation and the dominance rank in a food competition test in 112 four-month-old hybrid gilts. A possible 
explanation for this difference is that in the present experiment, the confrontation with the person took place in 
the familiar pen and in the company of the group members. The gilts could feel ‘protected’ by the group 
members and this ‘positive social modelling’ could interfere with the hierarchical status of the animals. 
The associations between the behavioural parameters of the gilts and the zootechnical performance were very 
complex. Between most of the performance parameters on the one hand and dominance rank index at the other, 
the found significant correlations were positive: the gilts with the highest body weight and backfat thickness at 
the end of the test period had the highest dominance rank. Regarding the association with body weight, this is in 
accordance with the results of McBride and co-workers (26), Beilharz and Cox (1) and Arey (1). However, many 
research groups did not find any significant correlation between the social rank order and the body weight (36, 
27, 42, 3). Nevertheless, only Rasmussen et al. (36), Terlouw et al. (42) and Drickamer et al. (7) studied gilts of 
comparable age. A possible explanation for these discrepancies is that in certain circumstances, other factors 
than body weight may underlie individual variation in social behaviour (28). For instance, the influence of the 
oestrus cycle on the dominance rank deserves a scrutiny. Regarding the association between backfat thickness 
and dominance rank, the results in the literature are unanimous: Beilharz and Cox (1), Terlouw et al. (42) and 
Arey (1) did not find any correlation. However, Jonsson and Jørgensen (18) found only in boars a significant 
phenotypic and genetic correlation between sidefat thickness and social rank (- .11, respectively - .49). This is in 
accordance with the correlation found between DI2 and BFT in present research: .16. 
Results diverge about the effect of social rank on the growth rate. In the experiments of Olsson et al. (32), 
growth rate during gestation, evaluated by noting girth increment in second to fourth parity sows, was 
significantly higher in dominant sows. Other research groups reported more differentiating results: Vargas et al. 
(44) and Brouns and Edwards (5) found significant associations between dominance rank and growth rate in 
restricted, but not in ad libitum fed adult sows and fattening pigs. Other scientists stress the importance of the 
composition of the experimental groups: Tan and Shackleton (41) only found a positive correlation between rank 
and weight gain in groups consisting of three familiar pigs mixed with three strange pigs, but not in groups of 
one strange animal mixed into a group of five familiar pigs. Hoy and Puppe (17) found that dominant animals 
had a better weight development only when kept in sex-mixed groups. Jonsson and Jørgensen (18) calculated the 
phenotypic and genetic correlations and the regression between social rank and daily growth between 20 and 90 
kg. The regression and the phenotypic correlation were significant in both sexes, but the genetic correlation was 
only significant in males. In present study, the zootechnical parameters refer to the period before the behavioural 
tests. 
These found associations between approach behaviour, social rank and zootechnical parameters and age at first 
insemination fit into the ‘Resource Allocation Theory’ (37). 
The afterwards culled sows had significant longer latency times to contact the experimenter. As has been 
reported before, there is a negative effect of fear of humans on growth rate in gilts (10) and on reproductive 
performance in sows (11, 13, 45). Therefore, it is very likely that the factor ‘fear’ has a great impact on approach 
behaviour. Moreover, Hemsworth and Barnett (9) demonstrated that the behavioural reaction of a pig to a human 



was significantly associated with cortisol response: the rise in free corticosteroid concentration was positively 
correlated with the time to approach and to interact with an experimenter. 
The results of present study clearly show the existence of individual differences in behavioural stress coping 
strategy in gilts, with repercussions on zootechnical performance . Although the associations between the 
behavioural tests were rather low, some correlations between behavioural reaction and zootechnical parameters 
deserve further exploration. All the more so because some found associations have substantial financial 
implications: the gilts that never made contact during one of the four AT, could be inseminated 18 days later 
than the gilts who did. This means a financial loss of approximately 1,000 Belgian Francs (33). Moreover, the 
gilts that were prematurely culled were also less prone to make contact with the experimenter. In a recent survey, 
80 percent of the French consumers declared that they were willing to pay more for animals raised in improved 
production systems (20). Thus selection on stress coping strategy is beneficial for both the animal and the 
stockperson and works both ways: the animals adapt better to the environmental demands and have better 
zootechnical performance. In addition, on the other side, their welfare is improved, implying the possibility to 
get higher prices for the meat. 
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ABSTRACT 

The conclusion of the Uruguay round of the General Agreement on Tariffs and Trade (GATT) and the 
establishment of the World Trade Organisation (WTO) together with the resurgence of major epidemic diseases 
which had previously been controlled in the southern African region combined to spur Southern African 
Development Community (SADC) countries to re-examine their animal disease prevention and control 
programmes as a region. It was recognised that the epidemic diseases afflicting the region tended to be of a 
transboundary nature and that the successful prevention and control were therefore dependent on regional co-
operation.  However, it was also recognised that member countries possessed different financial, infrastructure, 
organisational and human resource capabilities to control these diseases. This fact was reflected accordingly in 
the epidemiosurveillance networks in place in member countries and the quality of data emanating therefrom. As 
a first step in addressing this problem and optimising the available resources in the region, the Animal and Public 
Health Committee of the SADC livestock co-ordinating Unit was tasked to co-ordinate the development of 
regional control strategies for transboundary emergency diseases. These strategies include the pooling of 
resources and expertise, synchronisation of control programmes and rapid dissemination of information on 
emergency diseases. It is still recognised that the quality and reliability of the information disseminated depends 
to a large extent on the epidemiosurveillance networks operating in member countries. The epidemiosurveillance 
network currently in place in Zambia and actions aimed at improving it are outlined in this paper.  
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INTRODUCTION 

Livestock production is a major contributor to the economy of the 14 SADC countries, and on average, accounts 
for up to 38% of agriculture’s direct contribution to gross domestic production. This, however, does not take into 
account the indirect contributions of livestock to the economy like animal draft power, manure used as fertiliser 
and as fuel, the ability to utilise marginal lands and its role as a source of wealth and status. 

It is the wish of the regional grouping to increase agriculture production both to positively contribute to 
household food security in the region and to increase the value of exports of livestock products to generate the 
much needed foreign exchange for the growth of the livestock industry.  The attainment of latter wish, however, 
has been put under severe strain following the conclusion of the Uruguay round of the General Agreement on 
Tariffs and Trade (GATT) and the coming into being of the World Trade Organisation (WTO), which brought 
about changes in the trading environment of animal products. These changes threatened to curtail the preferential 
trade arrangements for export of animal products that some of the member countries of SADC had with 
important regional trading blocks, especially the European Union. Under the rules of the WTO and the GATT 
agreements, it is was no longer justifiable for a trading block or country to quote health requirements per se as 
reasons for non-tariff trade barriers. This implied that if SADC countries were to fight off competition to 
maintain their European export market from, say, South American countries, they needed to have accurate and 
up-to-date knowledge concerning the epidemiological status of important livestock infections in their region. 
This entailed that the region had to put in place epidemiosurveillance networks that were as good as could be 
found anywhere in the world. Further urgency and impetus to set up such networks in the region was provided 
by the resurgence of major epidemic diseases, which had previously been controlled in the southern African 
region, and the increased intra-regional movement of livestock and livestock products as a result of trade 
liberalisation. It was also acknowledged that these epidemic diseases tend to be of a transboundary nature and 
the successful prevention and control were therefore dependent on regional co-operation in addressing the 
problem.   

However, the practicalities of collectively implementing such an undertaking as a regional grouping are fraught 
with several difficulties, not least, the lack of parity in the levels of economic development in member countries, 
contributing to the institutional makeup, organisation and financing of veterinary services in each country. It is 
recognised that the quality of the livestock epidemiological data obtained from each country will depend largely 
on two factors; the organisation and management of the veterinary services and the type of epidemiological 
networks in place for data capture and generation.  Currently, less than half of the countries in the fourteen-
member SADC grouping meet the standards that allow them to export livestock products outside the region, 
mostly to the European Union. 

EPIDEMIOSURVEILLANCE NETWORKS IN SADC REGION 

At one of their regular gatherings, heads of government veterinary services in the region met to discuss the 
modalities of ensuring that a system was set up in member countries to provide accurate and reliable data to the 
livestock sector co-ordinating unit for onward dissemination to member countries. The value of setting up, or 
where available, improving the epidemiosurveillance networks already in place was recognised as an immediate 
priority because such networks, if properly designed and operated, were core to: 

• Restricting the spread of transboundary diseases to clean areas in a member country or in the region 

• The development and evaluation of disease control programmes internally 

• Improving intra-regional  trade in livestock products 

• Gaining and/or maintaining access to international export markets 

Acknowledging the limited and ever diminishing veterinary budgetary allocations in most member countries and 
the difficulties this posed to the implementation of effective disease control programmes, a decision was made to 
target the available resources at the most pertinent of the existing disease problems. A short list of four 
transboundary diseases that included Contagious Bovine Pleuropneumonia (CBPP), Foot and Mouth Disease 



(FMD), African Swine fever (ASF) and Rinderpest was drawn up.1 The rationale behind the selection of these 
four diseases was based on the premise that: 

• These were the major notifiable diseases that posed an immediate risk to the region's livestock industry.  

• The control of outbreaks associated with these diseases inadvertently required neighbouring countries to 
participate or take measures of some kind to protect their livestock from contracting the disease. 

• The control measures being undertaken by individual countries within the SADC region in trying to control 
these diseases are for their direct benefit and may prove successful in the short term. However, for complete 
control on a regional basis to be attained, concerted effort revolving around a sound epidemiosurveillance 
network and involving all the countries in the region was required.  

• All diseases in the selected list have export implications. 

Member countries were mandated to develop strategies outlining in detail how they intended to play their part in 
improving their epidemiosurveillance networks in order to realise the regional goal of efficient and reliable 
epidemiological networks with respect to these diseases. The Zambian epidemiosurveillance network and 
elements of the new strategy are presented next. 

THE ZAMBIAN EPIDEMIOSURVEILLANCE NETWORK 

Previous networks 

In the veterinary field, epidemiosurveillance has been defined by Toma et al (1991) as ‘a method of observation 
based on the continuous recording of the health status or risk factors within a defined population, in particular to 
detect the emergence of pathological processes and to study their development in time and space, in order to 
adopt appropriate control measures’. This definition is comprehensive because it contains three important 
aspects of epidemiosurveillance i.e. epidemiosurveillance is a descriptive process as well as a continuous 
process, and the results of epidemiosurveillance lead to action.  

This all-encompassing definition of epidemiosurveillance is both difficult and expensive to implement in most 
developing countries because of the lack of adequate resources, be it financial, human or otherwise and Zambia 
is no exception.  Previous epidemiosurveillance networks that have operated in the country were compromised 
mainly by the absence of sustained steady flows of funding and a lack of focus. Even so, there was still some 
merit in these networks because the department was able to detect most outbreaks of major epidemic diseases in 
time, and bring them under control with direct funding from the treasury after intense lobbying.   Still, it was 
apparent that this system apart from being highly centralised, operated more on an ad hoc than planned basis, 
and therefore had to be improved upon if consistent results were to be achieved.       
 

Improving the network 

The problems impeding the efficient operation of the network were clearly categorised into first, those that the 
Veterinary department could ameliorate and were related more to the functional reorganisation of the network, 
and secondly, those over which it had no control, especially funding. The functional reorganisation focussed on 
matters of field staff motivation and reorientation in data collection, handling and prompt submission to the 

                                                           
1 CBPP is a highly contagious pneumonia of bovines caused by Mycoplasma mycoides. Clinical signs include 
pyrexia, sever dyspnoea and nasal discharge. The disease can be acute or chronic, in which case weight loss 
becomes a feature.  
FMD is a highly infectious viral infection that affects, among others, cattle, sheep, goats and pigs. It is 
characterised by fever, vesicles in the mouth and on the muzzle, teats and feet; and death in young animals but 
rarely in adult stock. It is caused by an aphthovirus that has seven serologically distinct serotypes: A, O, C, Asia 
1, and SAT (Southern African Territories) 1, 2, and 3.   
In cattle, Rinderpest is characterised by fever, gastro-enteritis, conjuctival congestion and salivation, and is 
usually accompanied by high mortality.  
ASF is a highly contagious haemorrhagic disease of pigs that produces a wide range of clinical signs and lesions 
depending on which of the four forms is present: peracute, acute, subacute, or chronic. Mortality rates vary 
accordingly between 0 and 100%. 



district office for onward submission to the provincial office. It was recognised that feedback at every level of 
the information chain was a powerful motivation for continued data collection by field staff.  

Regional epidemiology centres within the country were set up and equipped with computers and the relevant 
programmes required as well as being linked by e-mail to the central epidemiology unit at headquarters. Capable 
staff were identified and trained both locally and abroad to man these centres. The network was reorganised in 
line with the SADC desire to focus on fewer but more important diseases, those of a transboundary nature. A 
start was also made to capture data from the various project research networks on a monthly basis. Notable 
examples in this respect were the Assistance to the Veterinary services of Zambia (ASVEZA), and the Regional 
Tsetse and Trypanosomiasis Control Project (RTTCP) that submit brief monthly summaries of diseases 
situations in their fields of research. 
The third and cardinal point in the definition of epidemiosurveillance dictates that the results of 
epidemiosurveillance should lead to action. However, this immediately brings in the issue of funds to undertake 
any intervention to the fore. Most veterinary authorities in developing countries are totally dependent on the 
treasury for funding of epidemiological surveillance and funds are not always easily forthcoming. The trend in 
recent years has been that of a dwindling national budget and the veterinary department finds itself competing 
for the meagre budget with socially magnetic ministries like health for priority. To partially alleviate the problem 
of speedily accessing funds in time of urgent need, action was taken on two fronts, first an emergence disease 
control fund was set up within the department to hold some money in reserve at all times for use in times of 
need, and second the advocacy for and eventual formation by government, of an interministerial task force to 
deal with emergency animal disease outbreaks. This task force is comprised of Ministers from the ministries of 
Agriculture Food and Fisheries Finance and Economic development and Transport and Communications among 
others. The job of the department is to keep the task force informed of disease outbreaks and lobby hard for 
funds to control or contain the situation in the shortest possible time. This combination appears to have worked 
well in speedily detecting and controlling the recent outbreaks of Contagious Bovine Pleuropneumonia (CBPP) 
and Foot and Mouth disease (FMD). (A complete protocol for the response to a suspected CBPP outbreak is 
appended).   

Current organisation 

Following these changes, epidemiosurveillance network's main thrusts are now directed at: 

1. Active disease surveillance using clinical and pathological field searching for disease and supported through 
abattoir monitoring and serological surveillance carried out by veterinary field and laboratory staff.  Abattoir 
monitoring is carried out by veterinary personnel or by qualified meat inspectors from rural authorities and 
the Ministry of Health.  The latter two categories currently undertake the bulk of meat inspection 
responsibilities.  Disease or potential disease tracing is achieved through the examination of movement 
permits and maintenance of stock registers and field investigations.  Private veterinarians and livestock 
owners augment Field surveillance. Efforts are being made to formally contract private veterinarians with 
some form of remuneration for their efforts.    

2. Epidemiological data collection and analysis that includes: 
− emergency disease reporting systems to and from national veterinary headquarters;  
− strengthening of national epidemiological capabilities to support disease eradication through the collection, 

analysis (including risk analysis) and dissemination of information;  
− prompt and comprehensive international disease reporting to O.I.E. and SADC as well as the collection, 

analysis and dissemination nationally of international information on disease occurrence and 
− assessment of the economic impact of these diseases and the measures implemented to control them. 
 
3. Trace back mechanism of diseased animals 

Accomplished by a system that has involved the setting up of road checkpoints on all the major animal 
traffic routes. These check points operate on a twenty-four shift. The documentation of animals arriving at 
the checkpoints is verified, and counter documents that allow the animals to proceed to their destination are 
issued only when staff at the checkpoint are convinced that the examination of the animals at the source was 
done properly and by a qualified veterinarian. Each of the districts has been assigned colour coded ear tags 
that help in tracing the origin of the animals.  A permit is required for the movement of the animals from a 
veterinary camp to the district.     

 
These activities are carried out by the Epidemiology Unit of veterinary department that comprises a national unit 
staffed by two veterinarians and support staff and four regional epidemiology units each headed by a veterinarian 
and based at Mongu, Chipata, Choma and the Central Veterinary Research Institute. The head of the 



Epidemiology Unit would also be responsible for maintaining communication channels with FAO EMPRES and 
the SADC. 

CONCLUSION 

The animal epidemiosurveillance network in Zambia is still developing, but like in many other developing 
countries is facing many constraints not least the challenge of soliciting for adequate and consistent operational 
funds. Even so, the Zambian experience has shown that with prudent reorganisation to operate within the limited 
available funds, a lot can be achieved in improving the network's responsiveness and efficiency. A vital lesson is 
not to bite off more than one can chew, but instead to focus on doing less, but doing it well.  It is hoped that the 
implementation of improved epidemiosurveillance networks in all SADC member countries will in the long term 
facilitate increased intra-regional trade in livestock products and pave the way for most member states to break 
into the export market.  
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APPENDIX  

PROTOCOLS FOR THE RESPONSE TO SUSPECTED CBPP OUTBREAKS 
 

1. GENERAL 

1.1 Legal aspects 

Under the Stock Diseases Act (Chapter 252 of the Laws of Zambia) CBPP is listed as a disease to which the Act 
applies.  This empowers the Minister or an authorised person to carry out and enforce certain control measures.  
An authorised person is Veterinary Officer or Livestock Officer that has been instructed by the Minister to carry 
out the powers or duties of a Veterinary Officer.   
 
When CBPP is suspected an authorised person may enforce certain control measures under Section 5 of the Act.  
This states: 
 
Whenever- 

(a) at any place within Zambia any stock, carcass, article or vehicle is found affected or is suspected of 
being affected with any disease; or 

(b) any stock carcass, article or vehicle has been introduced into any place in Zambia without such a permit 
as may be required for such an introduction, or having been introduced under such a permit is moved or 
dealt with otherwise than in accordance with such a permit; 

the Minister or an authorised officer may make such an order, as he thinks fit for all or any of the following 
purposes: 

(a) for directing that such stock, carcass, article or vehicle be seized and detained; 
(b) for directing that such stock, carcass, article or vehicle be slaughtered or destroyed; 
(c) for directing that such stock, carcass, article or vehicle be dealt with in such a manner as is deemed 

necessary to prevent the spread of disease. 
 

1.2 Suspecting CBPP 
In the field suspicion of CBPP can be based on  

- epidemiological evidence, including; 
- history of deaths or clinical cases associated with respiratory symptoms, 
- history of contact with or introduction of animals known or suspected to be infected with 

CBPP,  
- clinical signs and 
- post mortem findings. 

 

2. ACTIONS WHEN CBPP IS SUSPECTED 

 

2.1 Field level 

Remember at all times that it is important to maintain the farmer’s confidence and to have his support in the 
control measures.  Always explain what is being done and give reasons for the decisions.   
1. Impose a quarantine on the herd; 

− emphasise no contact with other herds and 
− if possible, physically count animals, if not, obtain census from owner 

2. Try to establish movements that may have resulted in the introduction of infection.  Note down what is 
said.   

3. Establish whether any cattle may have moved out of the herd to others herds.  
4. Place all in-contact herds in quarantine. 
5. Record all details regarding the diagnosis.  To comply with the requirements of the epidemiology unit the 

following information must be collected: 
− Species 
− Age 



− Sex 
− No. at risk 
− No. cases (clinical cases + deaths) 
− No. clinical cases 
− No. deaths 
− Method of diagnosis 

6. Collect samples for confirmation of the disease from suspected cases as described below.  
7. Collect post mortem samples where possible (lungs and associated lymph nodes, blood, pleural effusion).  

See section 3.   
8. Deliver samples to a testing centre immediately by whatever means possible. 
9. Inform the DVO immediately by whatever means possible. 
10. Arrange to receive results or arrange for DVO to receive results. 
11. Keep records of all findings. 
12. Based on the knowledge of the disease and local conditions make any plan necessary to confirm the disease 

and to prevent its further spread. 

2.2 District level 

In addition to the above actions 
1. Inform the Provincial Veterinary Officer of suspected reports immediately. 
2. Follow up suspected reports. 
3. Collect samples to confirm reported outbreaks of the disease where this has not been done.   
4. Inspect in-contact herds (including those to which infected animals may have moved).  Collect samples to 

confirm diagnosis (see section 3). 
5. Ensure local quarantine and movement bans are in place.  
6. Obtain results from the laboratory. 
7. Inform the Provincial Veterinary Officer (in his absence either the Principal Veterinary Officer (Region) or 

the Chief Veterinary Officer) of all results as soon as they are known. 
8. If the disease is confirmed ban all cattle movements immediately. 

3. Samples to collect 
NOTE:  It may not always be possible to collect ideal samples.  Every effort should, however, be made to try to 
get some samples that could be used for laboratory confirmation.   
 
Live animals 
1. 10 ml whole blood from each animal in the herd and from each animal in in-contact herds.  Alternately, 

collect 2-3 ml whole blood on sterile filter paper.  Record the animal’s identity on each sample.  In most 
cases this would involve using the owner’s name for the animal, sex and colour. Allocate a number to the 
animal and record the number on the sample. 

2. Transport samples to the nearest laboratory as quickly as is feasible.  Take care to protect samples from 
contamination during storage and transport. 

 
Dead animals 
1. Perform a post mortem examination.  Record all post mortem findings. 
2. If samples can be sent to a laboratory quickly, collect pleural exudate, affected lung tissue and associated 

lymph nodes.  While fresh samples are preferable, if there will be a delay in submitting samples, collect 
pleural or lung fluid on sterile filter paper, allow to dry and submit to a laboratory as soon as possible.  

3. Collect samples for preservation in 10% formalin. 
4. Take swabs of lung and pleural effusion and place in transport medium for Mycoplasma. 
5. In acute cases take an impression smear of an affected portion of lung by making an incision into the 

affected portion of lung and pressing the slide against the cut surface.  Allow to air dry and then wrap in 
tissue paper for protection.  Submit to a laboratory as soon as possible.   

6. Transport samples to the nearest laboratory as quickly as is feasible.  Take care to protect samples from 
contamination during storage and transport. 

 
 
 

4. EQUIPMENT TO COLLECT SAMPLES 
The following equipment should be available at field and district levels to collect samples for CBPP diagnosis: 



Vacutainer bottles (10 ml), needles and holders 
Hypodermic needles (16 gauge x 1.5 in) 
20 ml plastic syringes 
Universal bottles 
Sterile filter paper 
10% formalin 
Bottles (or plastic specimen bags) for formalin specimens 
Plastic specimen bags for fresh specimens 
Glass slides 
Sterile swabs 
Mycoplasma transport medium 
Note book (bound) 
Post mortem kit containing: 

PM knife 
Sharpening steel 
Sharpening stone 
Axe 

 



PROTOCOL FOR SUSPECTED DIAGNOSIS OF CBPP AT AN ABATTOIR/ SLAUGHTER SLAB 
 

GENERAL 
At an abattoir/slaughter slab a suspected case can be based on; 

− clinical signs at ante mortem inspection; 
− pathological findings at post mortem inspections and 
− CBPP should always be suspected in every animal that shows lung lesions of any description in animals 

that originate from Western Province. 
 
When there is good reason to suspect CBPP: 
1. Detain the carcass. 
2. Detain the entire lung and keep safe for further investigation. 
3. Inform a veterinary officer immediately. 
4. Keep detailed records of all findings. 
5. Detain all movement permits for the batch of animals.   
6. Ensure that all animals in the batch are slaughtered as soon as possible. 
7. Ensure that no animals that may have come in contact with the infected batch are allowed to leave the 

abattoir premises.  These animals should be slaughtered as soon as possible.   

samples to collect 
At an abattoir 
1. Preferably detain the entire carcass, including the whole lung, for examination by a veterinary officer.   
If a veterinary officer is not available: 
1. Collect affected lung tissue and associated lymph nodes and store in a refrigerator. 
2. Collect any pleural effusion and store in a refrigerator. 
3. Take swabs of lung and pleural effusion and place in transport medium for Mycoplasma. 
4. Collect specimens of affected tissues for preservation in 10% formalin. 
5. Make an impression smear from affected portion of lung, allow to air dry.   
6. Collect 10 ml blood from the affected animal and from every animal in the batch after slaughter.   
7. Submit samples to the nearest veterinary laboratory as soon as possible 
 
At a slaughter slab 
1. Preferably detain the entire carcass, including the whole lung, for examination by a veterinary officer.   
2. Notify a veterinary officer immediately. 
If a veterinary officer is not available: 
1. Collect affected lung tissue and associated lymph nodes and arrange for storage on ice, if this is possible.  If 

not, preserve specimens in 10% formalin.  
2. Collect any pleural effusion. 
3. Make an impression smear from affected portion of lung, allow to air dry.   
4. If there will be a delay in samples reaching a laboratory collect pleural or lung fluid on sterile filter paper, 

allow to dry and submit to a laboratory as soon as possible. 
5. Collect 10 ml blood from the affected animal and from every animal in the batch.   
6. Submit samples to the nearest veterinary laboratory as soon as possible 
 



INSTRUCTIONS FOR VETERINARY ESCORTS 
 
The escorting of cattle trucks out of Western Province is a very important duty.  All escorts should be fully 
aware of their obligations and ensure that duties are conscientiously carried out.  Any member of staff failing to 
carry these duties out will be subjected to disciplinary action and will be prohibited from further escort duties.   
 

1. PRIOR TO DEPARTURE 
1. Ensure that all information regarding ownership of the cattle in the consignment are obtained from the 

District Veterinary Office. 
2. Collect the allowance payment paid by the trader through the District Veterinary Office. 
3. Oversee branding of cattle with “WP” prior to loading. 
4. Ensure cattle being branded are the ones that were tested by confirming paint numbers. 
5. Ensure that a valid stock movement permit is available and retain the copy to be handed to the receiving 

veterinary official at the abattoir of destination.  
6. Ensure that police clearance, ZRA clearance and council receipts for levies have been obtained. 

2. EN ROUTE 
1. Remain with the vehicle and with the cattle at all times throughout the journey. 
2. In the event of a breakdown remain with the vehicle until the journey is resumed. 
3. In the event of an animal escaping from the truck: 

- if possible, reload the animal; 
- if not, notify the nearest police station and request the destruction of the animal.  request the police to 

notify the Provincial Veterinary Officer of the outcome of the search for the animal and 
- if the animal is injured, slaughter it and reload it so that it may be destroyed at the abattoir after post 

mortem examination.   

3. AT THE ABATTOIR 
1. If there is no official veterinary presence at the abattoir of destination, remain with the cattle until all of 

them are slaughtered.   
2. Once delivered to an abattoir live cattle must not be moved from there. 
3. Should it be impossible to slaughter the animals at the abattoir of destination ensure that all animals are kept 

separate from other cattle and immediately notify the Provincial Veterinary Officer for the province in 
which the abattoir is located and await further instructions. 

4. All animals that die en route should be subjected to a post mortem examination and the carcasses disposed 
of in an appropriate manner.   

 
Note:  For all Copperbelt abattoirs report to the relevant District Veterinary Office to notify them of your 
arrival and collect a member of staff to take responsibility for the animals. 
 
 
 
 
 
 
LABORATORY PERSONNEL 
 
Samples received for CBPP confirmation are priority samples and should be processed immediately.  Once 
results are obtained; 
1. Relay results to the person who submitted the sample immediately. 
2. Ensure that the person submitting the samples received the results. 
3. Inform the Veterinary Research Officer of the results, the VRO should inform the Provincial Veterinary 

Officer immediately. 
4. If the VRO is not immediately available inform the Provincial Veterinary Officer of the results directly. 
5. Detailed records of all samples received, procedures carried out and results should be kept.   
Make arrangements for the proper storage of samples for future investigations. 
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ABSTRACT 

 
When exporting breeding pigs to third countries, a health certificate must accompany the shipment. This 
certificate will deal with suitability for reproduction, stipulations about transport facilities and, last but not least, 
sanitary requirements. Sanitary requirements can be classified into 3 categories : referring to the exporting 
country, to the farm of origin and to the animals to be exported.  Besides this official protocol, additional health 
requirements can be imposed by the customer. A summary of the most important (serological) test is given and 
finally some practical experiences are reported. 
 
 

SAMENVATTING 
 
Wanneer men fokvarkens exporteert naar derde landen moet een gezondheidscertificaat de zending vergezellen. 
Dit certificaat bevat eisen omtrent geschiktheid voor reproductie, transportmodaliteiten en vooral een 
gezondheidsverklaring. Dit gezondheidsattest kan men indelen in 3 hoofdcategorieën : eisen in verband met het 
exporterend land, in verband met het oorsprongsbedrijf en tenslotte eisen refererend naar de dieren zelf. Naast dit 
officiële protocol kan de klant zelf ook nog bijkomende eisen stellen. Een samenvatting van de belangrijkste 
(serologische) testen is weergegeven en we eindigen met enkele praktische ervaringen. 
 
 

1. INTRODUCTION 
 
When exporting breeding stock to non E.C. countries, the sanitary requirements of the receiving country must be 
met. Within E.C. boundaries, such requirements also exist, of course, but the modalities are more or less fixed 
and laid down in directives. 
 
For “third countries” the importer should consult the Ministry of Agriculture, where an “Animal Health” 
department usually takes care of drafting a protocol to be observed for animal imports. In some cases such a 
protocol is laid down in the form of a bilateral agreement between both countries concerned. Next to 
requirements as to “suitability for reproduction” and “transport modalities”, the sanitary requirements form the 
essential part of such protocol. So far the official aspect. 
 
Next to this, the customer can make additional requirements, that go beyond the official demands. These are then 
stipulated in a bilateral agreement between exporter and importer. As often documentary credits are involved, the 
extra requirements may easily be detailed in the letter of credit. 
 



 

2. SANITARY REQUIREMENTS OF THE IMPORTING COUNTRY 
 
Mostly, the sanitary requirements can be split up following 3 levels : 
 
• Guarantees with regard to the exporting country 
 
• Guarantees with regard to the farm of origin and possibly relating to the farms in the (immediate) 

environment. 
 
• Guarantees that immediately refer to the animals to be exported. 
 
 
2.1. Guarantees with regard to the exporting country 
 

The official inspector – veterinarian of the exporting country will be asked to certify that the country of 
origin is free of a number of diseases. Mostly this section concerns diseases that can be found in list A of 
the O.I.E.  Moreover, a time factor is often added, namely minimum 6 months or 1 to even 3 years 
officially free of… 
Sometimes, certification stating that a particular disease has never occurred in the country of origin is 
required. 
 
This demonstrates that an outbreak of  for instance Classical Swine Fever (C.S.F.) will not only have 
consequences for the farms struck during the outbreak, but also for the breeding farms that possibly are not 
situated within the “shelter circles” or “protective areas”, who will experience year-long restrictions for 
their export. An other example could be the accidental outbreak of African Swine Fever (A.S.F.) in 
Western Flanders that gave us problems for a long time for exports to the Far East. 
 
Sometimes, additional demands are made relating to diseases mentioned in list B of the O.I.E., such as 
Aujeszky’s Disease (A.D.).  This has been one of the reasons why we started looking for production 
possibilities in a country such as England, where export impediments less frequently occur. 
 
If under this section also diseases such as P.E.D. are taken up, then it becomes virtually impossible for the 
exporter to meet the requirements, as no one can sign such a protocol given the fact that there are no 
official control programs available for such diseases. In this case, one might speak of protectionist 
interventions or plain import obstruction, sometimes for political reasons (Chinese requirement with 
reference to import of boar semen from USA after the incident in Belgrado with the Chinese Embassy). 
 

Examples 
 
- Thailand : the country of origin must be free of A.S.F., Teschen Disease and Rinderpest and minimum 3 
years free of F.M.D. without vaccination. 
- Philippines : the country of origin must be free of F.M.D., A.S.F. and Rinderpest. 
- Brazil : the country of origin must be free of F.M.D., A.S.F., Teschen Disease and C.S.F. 
- Chile : the country of origin must be free of F.M.D., A.S.F., S.V.D., Teschen Disease, Vesicular 
Stomatitis, Rinderpest and C.S.F. 
- Latvia : the country of origin must be 3 years free of A.S.F. and 1 year free of S.V.D. and  F.M.D. 
- Bulgaria : the country of origin must be at least 12 months free of F.M.D., A.S.F. and S.V.D. 
 

 
2.2. Guarantees with regard to the farm of origin 

 
The farm of origin must usually be located in the centre of a zone that is free of epidemic diseases, or 
where no restricting measures are valid in the framework of official infectious disease eradication 
programs. The term “zone” is mostly not defined, although sometimes a radius of 10 km is mentioned. 
 



The disorders mentioned in this section are of widely varying nature. Moreover, it is mostly expected 
that the certificate states that certain diseases do not clinically occur on the farm. Here a distinction 
should be made between diseases with or without declaration obligation (notifiable or not). For 
instance, concerning Rabies, Brucellosis and Aujeszky’s Disease reliable data are available. Things get 
more complicated though when certificates must be signed about illnesses such as T.G.E., Erysipelas or 
Actinomycosis. A certificate stating that these diseases have not been demonstrated on the farm of 
origin does not always imply that they are not present at all (subclinically). 
 
Things get even harder when it is asked to sign declarations about the situation of the neighbouring 
farms. One can perfectly have an idea of the clinical presence of T.G.E. on the farm of origin, certainly 
when the animals to be exported went into quarantine, but usually very little is known about the 
incidence of T.G.E. on the farms in the vicinity. 
 
Another difficulty concerns P.R.R.S.  Although this disease is still notifiable, many farms are positive 
but are not registered as such. This is obviously due to an evolution of the disease and primarily the 
consequence of the immunity status of the population. The very apparent clinical symptoms as they 
manifested themselves at the beginning of the outbreak, are only very seldomly seen nowadays. That is 
why notification of the disease based on the symptoms lags behind. On the other hand, the countries 
that ask guarantees against PRRS, at the same time demand that the exported animals be tested 
individually and are serologically negative. The certification about the neighbouring farms merely gives 
an additional guarantee as to vicinity contamination. 
 
Most prevalent disorders under this section : 
 

       T.G.E., Atrophic Rhinitis (A.R.), Leptospirosis, Erysipelas, Aujeszky’s Disease, Enzootic Pneumonia 
(E.P.), Brucellosis, Influenza, Toxoplasmosis, Parvovirosis, P.R.R.S., S.V.D., Tuberculosis, Vesicular 
Exanthema, Vesicular Stomatitis, Teschen Disease, Japanese Encephalitis and Swine Dysentery. 
 
To avoid any misunderstandings the certification is sometimes preceded by an expression in the sense 
of : “… as far as can be assessed…” or “…as to my knowledge..”, 

 
 
2.3. Guarantees with regard to the animals 

 
 In the first place it is expected that animals are healthy at embarkation and display no signs of infectious 

disease. Next to that, a series of serological tests are required, ranging from very simple to incredibly 
complicated protocols. The protocol for China belongs to this latter category. 
 
It is nearly always asked to examine the animals for Brucellosis. This usually poses no problems, but it 
sometimes happens that falsely positive reactions occur. These are caused by cross reactions with 
mostly Yersinia enterocolitica (J. Godfroid, F. Boelaert, proceedings of the 14th I.P.V.S. Congress, 
Bologna 1996 p. 322). In itself this is not a problem, but it is a nuisance because it usually implies that 
new blood samples must be taken a couple of weeks later to prove that the interfering antibodies have 
disappeared. 
 
A second analysis often asked for is to screen for the presence of Aujeszky’s disease. Here a distinction 
must be made between antibodies as a result of infection and those due to vaccination. In some cases it 
is sufficient to prove that the animals have had no contact with the field virus and therefore respond gE 
negative in the E.L.I.S.A. test. But it also happens that the animals are required not to carry any 
antibodies at all and must therefore respond negative in a sero-neutralisation test.. That is why these 
animals are strictly isolated until they have lost their maternal immunity. 
 
A third serology often requested concerns the detection of P.R.R.S. This is – also for us – one of the 
hardest ones. Via the technique of “Segregated Early Weaning” we succeed in producing negative 
animals, even if they sometimes descend from seropositive mothers. But one should be very careful and 
probably have some luck not to catch any infection from the environment. 
 
Many countries also demand sero-negativity for T.G.E.. In the past, this used to be an enormous 
problem for us. Even if we put our animals in quarantine, upon blood sampling at the age of 12-14 
weeks, the results often turned out to be positive, without the animals ever having shown any symptoms 



of diarrhoea. Maternal immunitiy at that age was not likely either. Partly due to our endless moaning, 
Prof. Pensaert started digging a little deeper, leading to the known result of P.R.C.V. discovery. 
Afterwards, the laboratory for virology developed a differentiating E.L.I.S.A.-test to replace the 
traditional S.N.-test. Thanks to this working effort, we could prove again that our animals were free of 
T.G.E., but then the important thing is to get this new test accepted and to have it taken up in the new 
protocol. Of course, there have been a few countries too saying  “that is all very nice, but we don’t want 
this P.R.C.V. virus either”. Meanwhile, it appeared that most countries were positive for P.R.C.V., so 
that nowadays this poses but few problems anymore. 
 
Leptospirosis is often requested as well with the option to choose between a serological test or a double 
treatment with dihydrostreptomycin (two injections with an interval of two weeks). No problems in this 
connection. 
 
Tuberculination with avian and/or bovine tuberculin can sometimes occur too. 
 
Serological testing for Trichinosis is seldomly requested, but is no standard available test either. 
Luckily, we can call upon the services of the Tropical Institute that has an E.L.I.S.A.-test for this. 
 
S.V.D. is also a serological test regularly asked for. 
 
For Dysentery either a fecal culture can be made from rectal swabs  or an immunofluorescence test can 
be done. Is not often asked. 
 
Nose swabs for Bordetella and Pasteurella occur now and then. 
 
Mycoplasma, Actinobacillus and Influenza are occasionally requested, beit rather by the customer 
himself than by the authorities. In this case, we have to resort to the “Segregated Early Weaning” 
system or we must export from our English nucleus which is free of these disorders. 
 
For mange either an ear scraping can be asked or a treatment with a broad spectrum antiparasitic agent.  
 
Highly exceptionally, testing is asked for Parvo, P.E.D., Classical Swine Fever and African Swine 
Fever. 
 
The guarantees that are required and the tests that have to be done accordingly can sometimes be quite 
elaborate. Leader in this field is undoubtedly China. Virtually the complete list above must be checked, 
first on the farm of origin in order to repeat almost all tests in the export quarantine afterwards. The lab 
tests involved run up to beyond 10.000 BF per animal. One might ask if this has any sense at all, 
certainly considering the situation of Chinese pig husbandry. But probably, other factors than merely 
sanitary considerations play a part here. 
 
Other “difficult” destinations for us are Cyprus and Brazil. Here the demands are very high too, but 
more logical and therefore more acceptable. Cyprus is an island with a very well structured pig industry 
and a generally high sanitary status.  We have reasons to believe that the island is still free of P.R.R.S. 
and we find it logical that they try to keep it that way. In Brazil we are owner ourselves of a completely 
new nucleus farm that is entirely isolated in location. It is self-evident that we want to seize the 
occasion to start with a very high sanitary status there. For the production and sales of breeding stock 
this is certainly an asset of course. Over there, we are ourselves the partner making high demands to the 
supplier. 
 
In the Far East Taiwan is inaccessible, not because of sanitary but for technical breeding reasons. Only 
pure breed animals are allowed into the country and so, provisionally, no hybrid breeding programs can 
enter the market. Thailand and the Philippines will act difficult only if epidemics as Swine Fever or 
Vesicular Disease should break out in our country. Then, it can sometimes last very long before they 
issue an import licence again. But in general, they are not so bad. South Korea is not too difficult but 
deliveries are made from our English nucleus because the farm of origin has to be (serologically) free of 
P.R.R.S. since the last two years. 
 
The former Eastern bloc (Warsaw Pact) countries are feasible but sometimes it is hard to get a hold 
of unambiguous import protocols. Today, things are this way but tomorrow things can be different. 



Apparently, local authorities sometimes make extra demands, so that it is not always clear whom should 
be dealt with. It is in these cases better to call upon the assistance of a local veterinarian to have him 
figure out what is exactly expected. 
 
South America is difficult but feasible. For Chile also “Segregated Early Weaning” is necessary 
because of P.R.R.S. and T.G.E./P.R.C.V., but for Surinam for example, only Brucellosis testing is 
called for, next to certain guarantees as to the country and the farm of origin. 
 
The United States are inaccessible for the European mainland, but exports can be done from England. 
Presumably, the main reason for this is that we are not considered free of Foot and Mouth Disease and 
(African) Swine Fever, as these diseases occasionally pop up in some neighbouring countries. 
Furthermore, they are much more demanding as to tuberculinations. Meanwhile, we have set up a 
nucleus farm in the USA, from where we can supply the local market and, if need be, the neighbouring 
countries. 
 
Thanks to our structure with three selection nuclei (Belgium, USA, UK) we are able to meet the most 
exacting protocols. It is always the objective to provide as many guarantees as possible for the 
importing country and the customer. It is self-evident that exporting animals whose real health status 
does not correspond with what is mentioned in the certificate, will jeopardise future deliveries. 
 
On the other hand, countries to which exports are regularly done, build up a certain trust in the importer. 
In case of temporary difficulties with the existing protocol, an exceptional deviation from  the protocol 
might be considered. But mostly these are tough procedures after all. 

 
 

3. EXPERIENCES AND DIFFICULTIES FROM THE PAST 
 
 Despite the best intentions, some things may still go wrong. Fortunately, this rarely happens but can be 

very nasty. 
 
• Only in 1987 we were allowed again to export to Thailand after the outbreak of African Swine 

Fever in Belgium (March ’85). The protocol did not stipulate any serology for  A.S.F. so the 
animals were not serologically tested over here as the country was again officially free since a long 
time. But upon arrival the animals were tested by the Thai authorities and 18 were found to be 
positive. We were practically sure that such thing was impossible, but nevertheless the Thai 
authorities threatened to cull (burn) all the animals present on our customer’s farm (a farm with 
three thousand sows and corresponding finishing facilities). Accidentally, all this was reported to 
us right before the weekend so it was very hard to reach the right people. Friday night we received 
the message from our Veterinary Inspection that the Thai authorities were prepared to postpone the 
cullings while one of their officials would come over to the reference lab in Madrid to go to Ukkel 
afterwards, at our expenses. Meanwhile, the serum of the exported pigs, that was still kept at the 
C.O.D.A., was investigated in Paris and Ukkel with negative results. This was for us a big 
reassurance, but did not convince the Thai authorities. In the course of the subsequent week the lab 
in Madrid sent the message that the samples handed over by the Thai authorities were negative as 
well, and after repeating the same test in Ukkel, the official delegation finally decided to sound the 
retreat and the panic was over. 

 
• Another problem may arise as a result of the time lag between the blood sampling and the actual 

export. After blood sampling one month of time is given to export the animals. At one occasion, we 
were informed by the French authorities that all animals of a given export were positive for 
Aujeszky, although the certificate stated that they had been tested and found negative. And indeed 
they were, but apparently the animals got infected between the time of blood sampling and export 
and no clinical signs were noticeable. Mostly for this reason, we now have hardly any rearing 
facilities in Flanders left, but moved everything to the Walloon provinces. 

 
• Another difficulty is the occurrence of falsely positive serology. 

When one takes blood samples quite frequently while knowing the anamnesis of the animals 
involved, it is often experienced that falsely positive results occur more frequently than one would 
expect. In itself it is acceptable that 1 sample out of 1.000 responds falsely positive, but if blood is 
taken from 250 to 300 animals, then chances of getting such a falsely positive result are rather high. 



It can then be assumed that the sample is falsely positive, but nevertheless new blood samples must 
be taken or animals need to be slaughtered for testing, etc… Often, this will lead to a postponement 
of the export, and in any case causes many extra expenses. 
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1. INTRODUCTION 
The importance of canine leishmaniasis as a veterinary problem is overshadowed by the fact that dogs are 
resevoirs of Le. Infantum that causes visceral leishmaniasis for the human population. Therefor attempts to 
control this canine disease are usually aimed at reducing the risk of infection to man. We therefor infestigated the 
impact of insecticidal dog collars (Scailibor Protectorband) against leishamniasis vectors, using a potent 
lipophilic pyrethroid insecticide. 
 

2. MATERIALS AND METHODS 
Dog collars made of PVC plastic impregnated with the pyrethroid insecticide deltamethrin at 40 mg/g were 
investigated for their protective efficacy against phlebotomine sandflies. Collared dogs were kept separately (two 
untreated control dogs lived together) in outdoor enclosures, each with a kennel, in the Cévennes,southern 
France. To measure sandfly mortality and antifeeding effects due to the deltamethrin-impregnated collars worn 
continuously by the dogs for up to 8 months, each dog was periodically sedated and exposed for 2h to 150-200 
laboratory-reared Phlebotomus pernicosus females (plus c. 25 males) inside a  net (1.2m square, 1.8 m high) 
indoors. After dogs were removed from the nets, allowed to recover and returned to their kennels, any dead 
sandflies were collected from inside the net and counted. Surviving flies were kept overnight, then scored 
according to whether they were still alive or dead, unfed or blood-fed. 
 

3. RESULTS 
From tests 2, 3, 4, 13, 20, 26 and 34 weeks after the dogs began wearing collars the overall numbers of blood-fed 
female sandflies recaptured were 75 from two dogs with collars, compared with 1911 from two collarless dogs. 
Thus, for every 100 flies which fed on collarless dogs, only 4 fed on collared dogs, i.e. the collars protected dogs 
from 96% of the bites and this activity was maintained for up to 34 weeks. During the same period, the 
percentage of recaptured female sandflies that has fed on collared dogs was 0-12% compared to 55-95% on 
collarless dogs. Immediately after dogs were taken out of the nets, 21-60% of flies confined with the collared 
dogs were found dead, compared to 0-12% with the controls. 



Figure 1 
 
 
 
It is concluded that at least in the Mediterranean subregion, this insecticidal collar would protect a dog from the 
majority of sandfly bites and retain a killing effect for a complete sandfly season. Moreover, it seems likely that 
the use of collars on all dogs in a focus of Leishmania infentum would reduce contact between sandfly vectors 
and canine reservoir hosts sufficiently to diminish the risk of infection for humans as well as dogs. 

Figure 2 
 
 

4. DISCUSSION 
Deltamethrin collars could be used in at least two ways. Firstly, they offer owners a mean of reducing the risk of 
their dogs acquiring leishmaniasis. In the Mediterranean subregion the sandfly season starts in May and 
continues until September, or if the weather remains warm, October. As the sandfly antifeeding effect of the 
collars last for more than 6 months, an owner should be able to give considerable protection to his dog for a 
whole sandfly season with only one collar. 
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Secondly, it is probable that widespread use of the collar on dogs in areas where canine leishmaniasis is 
prevalent would interfere with the transmission cycle of the parasite to such a degree that the incidence of canine 
disease would be reduced or perhaps disappear. As this would also reduce the risk of infection to man, breaking 
contact between dogs and sandflies with deltamethrin collars is a new option in public health campaigns to 
control human visceral leishmaniasis with a canine reservoir. This would not necessarily eradicate the disease of 
man and dogs, because the parasite might still be maintained at a low prevalence in foxes (except in Malta where 
foxes are absent). 
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ABSTRACT 
 
Tick surveys and serological surveys were carried out annually between 1995 and 1998 in the Southern Province 
of Zambia. The results indicate a strong relationship between the prevalence of East Coast fever (ECF) and 
population levels of Rhipicephalus appendiculatus, the principal vector, apart from some anomalies.  
 
During 1995 and 1996, R. appendiculatus ticks in Southern Province were mainly abundant in the following 
districts: the southern part of Mazabuka, Monze and Livingstone. In the north of Mazabuka, the Gwembe-valley, 
including Gwembe and Siavonga, and Kalomo, the numbers of ticks were relatively low. The numbers of ticks in 
Choma were intermediate. Although such surveys are merely meant to detect the presence or absence of 
Theileria parva and R. appendiculatus there are indications that tick numbers as well as disease prevalence at a 
given locality tended to be fairly constant from year to year. 
 
The serological surveys show that the highest relative values of ECF (sero-prevalence > 0.30) are observed in the 
districts of Choma (Sikatumba veterinary camp), Mazabuka (Nkonkola veterinary camp) and Monze (Sikabenga 
veterinary camp). In Livingstone district the prevalence of ECF is well below what might be expected (or absent) 
from the recorded tick-burdens. This anomaly is probably explained by the southern position of the district and 
the mainly northward commercial movement of cattle, going to the Copperbelt starting from Choma, and Monze 
where most of the ECF is: the animals mainly carry the disease or ticks on their way to the Copperbelt. In 
Siavonga the populations of R. appendiculatus are very small, a finding also reflected by the absence of ECF in 
that area. In Siavonga, an introduction of ECF is unlikely to persist, because of the presence of ticks in low 
numbers separated with long periods of its total absence. This could be due to the extreme climatic conditions in 
Siavonga (Temperatures > 50 °C in the hot dry season). 



INTRODUCTION 
 

In Southern Province of Zambia, the first cases of Theileriosis (called “Corridor Disease” in the province) were 
reported in 1977-1978 in Monze District and in 1978 in Mazabuka District. From then on the disease started 
spreading in Southern Province. The name East Coast fever (ECF) will be used in this paper as it is generally 
accepted that the same species Theileria parva also involved in ECF, Corridor Disease and January disease. 
 
No clear epidemiological picture of the disease in Southern Province has been reported in the past. ECF free 
areas as well as epizootic, enzootically stable or unstable states are described in the literature. ECF in Southern 
Province occurs in calves and adults and was thought to be endemically unstable. However, low rainfall in the 
years 1994-1996 might explain that the disease pressure was lower during this period. The occurrence of the 
disease could therefore be epidemic in some areas. Only limited serological surveys on cattle have been 
described so far. This paper presents the results of a large-scale serological screening in 1995, 1996, 1997 and 
1998 in Southern Province of Zambia.  
 
The present paper also deals with the range of Rhipicephalus appendiculatus in Southern Province during the 
period 1995-1998. Of all the work carried out in the past, the papers of MacLeod are providing the best 
contribution to the knowledge of the distribution of ticks in Southern Province.  In 1982, Norval reported the 
records of Rhipicephalus zambeziensis in Zambia. Since then, no other information on the distribution of ticks in 
the Southern Province was published. 

 

MATERIALS AND METHODS 
 
AREA OF STUDY 
The province (Figure 1) lies between 25°10’ to 28°50’ East and 15°14’ to 18° South covering a total surface area 
of about 83,000 square kilometres. It is a plateau at 1,200 metres above sea level, bounded south- and eastward 
by the Zambezi River Valley (600 m altitude), northward by the Kafue River Valley (900 m altitude) and 
westward by the Kafue National Park and Game Management Areas. The surveys were organised in various 
veterinary camps throughout the entire province.  

 
COLLECTION OF SAMPLES FROM CATTLE 
Blood was collected from auricular veins and immediately blotted on an area of more than 2 cm in diameter on a 
Whatman n°4 filter paper and air-dried in the shade for half an hour. The filter papers were then stored in small 
plastic bags filled with Silicagel® and send to the laboratory where kept at -20°C. The maximum storage of the 
plastic bags at room temperature was less than 4 days. One hundred animals per veterinary camp were randomly 
sampled. The main age group targeted was adult cattle. 
 
All ticks from both ears of each of 20 randomly chosen animals per farm were collected.  
For the collections in June and September the dewlap of the animals was included as collecting site in order to 
obtain additional information on the nymphs. Ticks were stored in 70% methanol and later identified by means 
of a binocular 
 
ORGANISATION OF THE SURVEY 
The survey was organised in close collaboration with the Department of Animal Production and Health and 
carried out by the Veterinary Assistants (VA) after a training workshop. 
The surveys were carried out during 1995, 1996, 1997 and 1998 during the months of February-March. For 
quantitative comparisons and to acquire a preliminary insight in the seasonality, Surveys were also carried out in 
June 1995 and September 1997 and September 1998.  

 
TEST IN THE LABORATORY 
The Indirect Fluorescence Antibody test (IFAt) (Burridge & Kimber, 1972, slightly modified)  was used on 
eluates from dried blood spots on filter papers. Individual disks of dried blood of 5 mm were allowed to elute in 
phosphate buffered saline (PBS) and shaken at room temperature for 1 h in a microtitre plate. Two dilutions 
(1/40 and 1/160) were used and three tests were repeated for each sample. Samples were considered positive 
when they showed three times a positive reaction at 1/40 or once at 1/160. 
 



RESULTS AND DISCUSSION 
 
Because the Ifat method of testing the blood samples might detect other Theileria spp., the lower specificity of 
IFAt on filter paper to recovery antibodies in the eluted blood samples might have resulted in a higher 
prevalence than the true prevalence. This is the result of choosing for a higher sensitivity and lower specificity in 
the diagnosis. The results indicating prevalence below 5% have thus to be used with care. 
 
In Livingstone district the disease was reported previously at the border with the Kalomo district. The survey 
also showed positive serological results near that border (Musokotwane and Simango veterinary camps). The 
record of positive results in the district of Sinazongwe is also debatable and further investigations are necessary. 
This might have been due to the low specificity of Ifat. In the other districts the disease is scattered. All age 
groups are affected by the disease in Southern province (Minyoi, personal communication). The sero-prevalence 
results in figures 2-7 show that a patchy distribution is possible which may have repercussions for the approach 
in the control of the disease. The highest values of ECF sero-prevalence (more than 30%) were observed in the 
districts of Choma (Sikatumba veterinary camp), Mazabuka (Nkonkola veterinary camp) and Monze (Sikabenga 
veterinary camp). The disease has spread widely in Choma, Mazabuka and Monze districts.  
 
The maps of the adult R. appendiculatus distribution in February 1995 -1997 (Figures 8-10) show that: 
 
• R. appendiculatus was found in the entire Southern Province. 
• Higher numbers of ticks were found in Monze, Choma  and Livingstone Districts compared to (northern-

)Mazabuka, Kalomo, Siavonga, Gwembe and Namwala Districts. 
 
These findings are reflected in the serological survey in which the highest relative values of E.C.F. (sero-
prevalence > 0.30) are observed in the districts of Choma (Sikatumba veterinary camp), Mazabuka (Nkonkola 
veterinary camp) and Monze (Sikabenga veterinary camp). In the district of Livingstone the prevalence of E.C.F. 
is lower than expected from the tick-burdens found in this district. This dicrepancy can probably be explained by 
the one-way northwards commercial movement of cattle towards the Copperbelt starting from Choma, and 
Monze where most of the E.C.F. is: the animals mainly carry the disease or ticks on their way to the Copperbelt. 
In Siavonga the populations of R.appendiculatus are very small a finding also reflected by the absence of ECF in 
that area. In Siavonga introductions of ECF. will not survive because the presence of low numbers of ticks will 
be altered with long periods of total absence of the vector. This could be due to the extreme climatic conditions 
in Siavonga (Temperatures > 50 °C in the hot dry season). Figure 4 (Results March 1998-sero-prevalence) 
reflect that ECF was a bigger problem during this year and it was also noticed in the field (Reports Veterinary 
Department) that the reported ECF-cases during the period 1993-1998 increased starting from 1997. 
 
Although such surveys are merely meant to detect the presence or absence of T. parva and R. appendiculatus 
there are indications that tick numbers as well as disease prevalence at a given locality tended to be fairly 
constant from year to year. 
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Figure 1.  Southern Province (red), located in Zambia (Africa). 

Figure 2.  Sero-prevalence of East Coast Fever in Southern Province (Zambia) in March 1995 



Figure 3.  Sero-prevalence of East Coast Fever in Southern Province (Zambia) in September 1995
 

Figure 4.  Sero-prevalence of East Coast Fever in Southern Province (Zambia) in March 1996 



Figure 5.  Sero-prevalence of East Coast Fever in Southern Province (Zambia) in March 1997 

Figure 6.  Sero-prevalence of East Coast Fever in Southern Province (Zambia) in September 1997 



Figure 7.  Sero-prevalence of East Coast Fever in Southern Province (Zambia) in March 1998 

Figure 8.  Average number of adult Rhipicephalus appendiculatus / animal in Southern Province 
(Zambia) in February 1995 



Figure 9.  Average number of adult Rhipicephalus appendiculatus / animal in Southern Province 
(Zambia) in February 1996 

Figure 10.  Average number of adult Rhipicephalus appendiculatus / animal in Southern Province 
(Zambia) in February 1997 



Figure 11.  Average number of adult Rhipicephalus appendiculatus / animal in Southern Province 
(Zambia) in September 1997 

Figure 12.  Average number of nymphal Rhipicephalus appendiculatus / animal in Southern 
Province (Zambia) in September 1997 
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ABSTRACT 
 

The paper indicates the importance of livestock production in developing countries and traces out its evolution in 
the development process.  With rapidly rising per capita incomes, particularly in the US$ 1,000-5,000 range, a 
real explosion in the consumption of products from animal origin takes place.  This seems to be a universal law.  
We can thus expect a meat revolution in rapidly industrialising developing countries in the next decades.  This 
has tremendous consequences for cereal and oilseeds production, requiring another green revolution which, of 
necessity, must be doubly green.  The main constraints on livestock production in tropical countries are 
discussed: animal health, feed requirements, genotype and selection, policy and institutions.  In the development 
process, crop and animal production must be better integrated.  Finally, future perspectives are outlined, 
indicating the enormous challenges facing animal agriculture over the next decades. 
 
 
 

SAMENVATTING 
 
Het belang van de dierlijke productie in ontwikkelingslanden en de evolutie ervan in het ontwikkelingsproces 
worden aangetoond.  Met sterk stijgende per capita inkomens, vooral in het traject US$ 1,000-5,000, explodeert 
de consumptie van producten van dierlijke oorsprong.  Dit schijnt een universele wet te zijn.  We kunnen ons dus 
gedurende de volgende decades verwachten aan een echte vleesrevolutie in de snel industrialiserende 
ontwikkelingslanden.  Dit zal grote gevolgen hebben voor de graanproductie en deze van oliehoudende zaden, 
waardoor een nieuwe groene revolutie noodzakelijk wordt, die uit noodzaak dubbel groen zal moeten zijn.  De 
belangrijkste beperkingen aan de dierlijke productie in tropische landen worden besproken: gezondheid van de 
dieren, veevoeder, genotype en selectie, het overheidsbeleid en -instellingen.  Landbouw- en veeteeltproductie 
moeten in het ontwikkelingsproces veel beter geïntegreerd worden.  Tenslotte worden de toekomstige 
ontwikkelingen geschetst, met aandacht voor de enorme uitdagingen die de veeteeltproductie in de tropen 
tegemoet gaat in de volgende decades. 



1. THE IMPORTANCE OF LIVESTOCK IN DEVELOPING COUNTRIES 
 
In terms of agricultural development, livestock is often considered as of secondary importance.  Nevertheless, in 
most countries, livestock plays a central role, making up 30 to 40 percent of agricultural value added and often 
constituting an important export product.  This is particularly true in the dry and semi-arid countries such as the 
Sahel countries, Botswana, Namibia, Ethiopia in sub-Sahara Africa.  More important is the fact that an important 
fraction of the population finds its livelihood security in the keeping of livestock.  Livestock is their main source 
of income, food security and well-being.  Without livestock, they are economically lost, culturally uprooted and 
socially excluded. 
 
Many large livestock keepers still pursue a nomadic way of life, following their herd in search of feed according 
to the seasons, moving into the dry areas in the wet season and into the wet areas in the dry season.  But such 
transhumant livestock keepers often belong to the poorest people in a country, escaping governmental education, 
health and social services, being poorly fed and chronically sick.  Moreover, governments and donors alike 
usually do not know how to assist these people.  Thus, they escape most development actions and the only 
solution provided to solve their problems is settlement, which they often resist.  Moreover, they often provoke 
serious conflicts with crop farmers because of the damage done to their crops, particularly in the dry season. 
 
Apart from large ruminant livestock, small ruminants (sheep, goats) and small livestock (pigs, poultry) are also 
very important, particularly in the wetter areas where they are the main source of animal protein and an 
important source of income, particularly for women. 
 
Economists have often questioned the rationale of keeping large livestock herds by families, with often a high 
proportion of older animals.  Such a large herd constitutes their physical capital, and savings and serves to 
overcome shocks and difficult periods.  The oftake or rent extracted from this capital is only one element in the 
multifunctional role which this capital plays.  When this multifunctional role is accepted, economists can have a 
much better appreciation of why they keep such large herds.  The prestige and social standing which comes with 
a large herd is an important factor in the community and has a high cultural value.  It is also a hedge against 
inflation and a store of wealth, which can be made liquid very rapidly. 
 
Livestock, together with fish, is the main source of animal proteins in the diet, which are important nutritionally.  
Not only the contribution of animal proteins is important, but also that of micronutrients such as iron and 
calcium.  Although it is possible to have a balanced and complete diet from vegetable origin, it is that more 
difficult as one has to combine at least 4-5 sources of calories to come up with such a diet.  The addition of 40-
60 g of animal protein per capita per day easily balances the diet and makes it nutritionally complete.  But many 
people in the poorer developing countries, particularly in the wetter areas near the equator, do not manage to 
acquire such minimum quantities and suffer from malnutrition.  Thus, it is estimated that roughly 2 billion 
people suffer from iron deficiency and anaemia (12).  In the forest zone of the tropics where trypanosomiasis is 
prevalent, fish is often a cheaper and better source of animal protein than meat.  Developing countries are 
generally characterised by low per capita consumption of animal protein.  Table 1 shows the per capita 
consumption of meat, milk and fish in 1990. 
 
Table 1. Per capita consumption of meat, milk and fish in 1990 (kg/year) 
 
Region Meat Milk Fish 
 
World 32.9 75.0 13.1 
Developed 81.6 200.0 26.8 
Developing 17.7 36.6 8.8 
Africa 11.4 27.5 8.0 
Latin America 41.1 93.9 8.6 
Near East 19.6 60.7 4.4 
Far East 15.1 27.0 9.4 
 
Source: Sansoucy, 1995 
 
Most notably, egg production has increased by 331 percent over the last two decades, compared with 127 percent 
for meat production, 78 percent for cereals and 113 percent for fish (equivalent to 58 percent of that of meat 
production).  Of the different animal species, meat production from monogastric animals (poultry and pigs) has 
increased at a much higher rate than that from either small ruminants (sheep and goats) or large ruminants (cattle 



and buffaloes).  While in 1970 ruminant and monogastric meat production rates were approximately equal, it is 
expected that by 2010 monogastrics may produce 2.4 times more meat than ruminants, providing that feed is 
available and affordable. 
 
In table 2, the actual and projected meat consumption by region according to the latest IFPRI (International Food 
Policy Research Institute) estimates are given.  Population growth, urbanisation and particularly income growth 
in developing countries are fueling a massive increase in demand for food of animal origin (1).  From the early 
1970s to the mid-1990s, the volume of meat consumed in developing countries grew almost three times as much 
as it did in the developed countries.  Developing world consumption grew at an even faster rate in the second 
half of this period, with Asia in the lead.  According to IFPRI, people in developed countries obtain an average 
of 27 percent of their calories and 56 percent of their protein from animal food products.  The averages for 
developing countries are 11 and 26 percent, respectively.  IFPRI's International Model for Policy Analysis of 
Agricultural Consumption (IMPACT) baseline scenario projects an increase in consumption by 2020 of 
100 million metric tons more meat and 223 million metric tons more milk than they did in 1993, dwarfing 
developed country increases of 18 million metric tons for both meat and milk.  By 2020 developing countries 
will produce 60 percent of the world's meat and 52 percent of the world's milk.  China will lead meat production 
and India milk production.  The required annual feed consumption in cereals will rise by 292 million metric tons 
over the same period. 
 
Table 2. Actual and projected meat consumption by region 
 
 Annual growth of 
 total meat consumption Total meat consumption 
 
Region 1982-94 1993-2020 1983 1993 2020 
 (percent) (million metric tons) 
 
China 8.6 3.0 16 38 85 
Other East Asia 5.8 2.4 1 3 8 
India 3.6 2.9 3 4 8 
Other South Asia 4.8 3.2 1 2 5 
Southeast Asia 5.6 3.0 4 7 16 
Latin America 3.3 2.3 15 21 39 
West Asia/North Africa 2.4 2.8 5 6 15 
Sub-Saharan Africa 2.2 3.5 4 5 12 
Developing world 5.4 2.8 50 88 188 
Developed world 1.0 0.6 88 97 115 
World 2.9 1.8 139 184 303 
 
Sources: FAO annual data.  Total meat consumption for 1983 and 1993 are three-year moving averages.  2020 

projections come from IFPRI's global model, IMPACT; from Delgado et. al., 1999. 
Notes: Meat includes beef, pork, mutton, goat, and poultry.  Suspected overestimation of meat production in 

China in the early 1990s suggests that actual 1993 consumption was 30 million metric tons (a 
6.3 percent annual growth rate since 1983).  If so, the level of world meat consumption for 1993 is 
overestimated here by at most 4.3 percent and by even less than that for 2020 because IMPACT 
incorporates pessimistic assumptions that are compatible with the conservative view for 1993. 

 
In table 3, the human and annual population is shown for 1960 and 1990. 
 



Table 3. Human and animal population in 1960 and 1990 (millions) 
 
 Humans Large ruminants Small ruminants Pigs Poultry 
 
 1960 1990 1960 1990 1960 1990 1960 1990 1960 1990 
 
World 3 074 5 389 1 035 1 434 1 365 1 808 406 856 3 922 10 770 
Developed 
countries 977 1 251 343 404 573 591 235 341 2 274 4 465 
Developing 
countries 2 097 4 138 692 1 029 792 1 217 171 515 1 648 6 305 
Increase in 
developing 
countries (%)  +97  +48  +53  +200  +280 
 
Source: Sansoucy, 1995 
 
Human and livestock populations have both grown considerably over the last three decades, although at different 
rates (table 2).  The major differences are found between developed and developing countries.  Since 1960 the 
total human population has increased by 75 percent, but developing country populations have grown by 
97 percent, compared with 28 percent in the industrialised world.  All categories of livestock have increased in 
number as well, with a much greater increase for monogastric animals (pigs and poultry) than for ruminants.  
Ruminant populations have grown at about half the rate of the human population, while small ruminant 
populations (sheep and goats) have only increased in developing countries.  The pig and poultry populations, 
however, have grown about one-and-a-half to two times that of the human population, and are three to four times 
greater in developing countries than they are in developed countries (9). 
 
Official statistics tend to underestimate the overall contribution of animals since they generally underestimate or 
ignore the multipurpose role livestock play in food and agricultural production, as well as in the social life of 
small-scale farmers in developing countries. 
 

2. THE EVOLUTION OF LIVESTOCK PRODUCTION IN THE DEVELOPMENT PROCESS 
 
One of the essential characteristics of economic development is that with rising per capita incomes, the 
consumption of animal proteins increases dramatically.  This seems to be a universal law.  In the range 
US$ 1,000-5,000 per capita income, the growth in consumption is even exponential.  This has tremendous 
consequences for the agricultural sector.  The International Food Policy Research Institute (IFPRI) has analysed 
this phenomenon in detail (2).  It is particularly the consumption of pork, poultry, eggs, milk and dairy products 
which increases, which implies a rapid development of intensive livestock farming, or imports.  If intensive 
livestock farming develops, as is usually the case, and particularly around large cities, it has tremendous 
consequences for cereals (and oilseeds) demand.  Intensive livestock production is not possible without cereals 
and on average 3 kg of cereals are needed per kg of meat produced. 
 
China is now about in this phase just as are a number of other countries in the Middle and Far East.  But the 
economic crisis in Asia in 1998 has caused a temporary drop in consumption, except China and India which 
largely escaped this crisis.  Also the crisis in Russia, which is on-going, has seriously dampened the 
consumption, and also the imports, of products from animal origin. 
 
The exponential phase just mentioned means a consumption from less than 10 kg of animal products per capita 
to more than 30 kg implying an additional demand in cereals of over 60 kg per capita per year.  For most 
countries, this means a real green revolution, or large imports of cereals.  This is why there is so much interest in 
China, as it is generally believed that China cannot produce itself that additional grain.  If this is confirmed, it 
means that China will have to import in the order of 100 million tons of cereals per year in the next 10-15 years, 
and thus will become the largest cereal importer in the world.  Presently, China does not import more than 10-
15 million tons per year.  But it could well be that China rations the consumption of meat and animal products at 
the present per capita level, by letting the prices rise through controls on imports.  Thus, China, with the magic 
of its large numbers, is presently the largest factor of uncertainty on world cereal markets.  But even meat 
consumption in India, traditionally a vegetarian country, is increasing fairly rapidly (7), confirming the universal 
law.  Previously, there was a meat "revolution" in the tiger countries of Asia: Taiwan, Hong Kong, South Korea 



and Singapore.  Presently, China is already the largest producer of pork and India the largest producer of milk 
and dairy products, having surpassed the U.S.A. a couple of years ago. 
 
It can thus be concluded that livestock production is the dynamic force behind agricultural development in 
rapidly growing emergent countries.  In the past, Western countries have benefited largely from this rapid 
growth in the consumption of products from animal origin in industrialising developing countries.  Table 2 
confirms the importance of developing countries' rapid emergence in intensive livestock production over the 
period 1960-1990.  Undoubtedly, this trend is going to continue if rapid economic development takes place.  
Economists speak of large income elasticities of demand for animal products, and the same holds for fresh fruit, 
vegetables, beer and softdrinks. 
 
Considerable evidence exists that the rural poor and landless, especially women, get a higher share of their 
income from livestock than better-off rural people.  The main exceptions are found in areas with large-scale 
ranching, such as parts of Latin America.  The livestock revolution could thus well become a key means of 
alleviating poverty in the next 20 years.  Much will depend on policies which will allow poor livestock holders 
to develop in the growing market in which they are presently competitive (10). 
 

3. MAIN CONSTRAINTS ON LIVESTOCK PRODUCTION IN DEVELOPING COUNTRIES 
 
3.1. A Hierarchy of Constraints 
 
Livestock production in tropical countries is constrained by a lot of factors.  These factors impact negatively on 
the productivity and profitability.  According to my own analysis, the following hierarchy of constraints applies, 
in descending order. 
 
1. Animal health 
Diseases sharply reduce the productivity of livestock production in all agro-ecological zones and production 
systems.  The incidence of diseases is much larger in tropical countries than in temperate countries.  In the case 
of sub-Sahara Africa, which suffers the most from diseases, the most important disease constraints today are the 
parasitic and viral diseases, mainly vector transmitted, that are widely distributed, and whose severity is strongly 
influenced by the environment.  No effective and easily administered vaccines or chemotherapeutic agents exist 
for these diseases.  The most important in this group are trypanosomiasis, theileriosis, cowdriosis, anaplasmosis, 
babesiosis, dermatophilosis, and African swine fever (13).  Epidemic diseases such as rinderpest, contagious 
bovine pleuropneumonia, and peste des petits ruminants are regionwide threats that, unless controlled, make 
livestock raising too risky.  On-going efforts are effectively controlling these diseases, but at a large cost.  With 
livestock intensification, a large group of infectious, parasitic, and non-infectious diseases will become more 
important constraints to productivity and will require more effective surveillance and control measures, 
particularly as livestock production is moving more and more into the wetter areas.  The privatisation of 
veterinary services as part of structural adjustment policies throughout the developing countries has increased the 
cost to livestock holders, and has, at the same time, increased the need to maintain effective public surveillance 
and control measures. 
 
Twenty years ago, it was thought that trypanosomiasis and theileriosis could have been eradicated or at least 
controlled through vaccines or other means.  ILRAD (The International Laboratory for Research on Animal 
Diseases) in Nairobi, now part of ILRI (International Livestock Research Institute) of the CGIAR was charged 
specifically with the study and control of these two diseases.  Although much progress has been made in 
understanding the epidemiology, these diseases are still around and pose enormous threats.  It is still virtually 
impossible to obtain good productivity in cattle production in the forest zone of the tropics in sub-Sahara Africa, 
where the tsé-tsé fly is present.  Progress has been made with trypanotolerant livestock breeds, but their 
productivity remains problematic. 
 
The combination of classical swine fever / African swine fever makes hog production problematic in the tropics, 
particularly in sub-Sahara Africa.  Most hogs are held in the humid tropics, around large cities.  Hog meat is 
often more expensive than beef.  The only livestock found all over the tropics, in the forest, savannah and semi-
arid areas, are small ruminants: sheep and goats.  They are very efficient converters of roughage and poor grass, 
with great robustness against animal diseases.  Especially goats are efficient grazers and browsers, and can do a 
lot of damage in case of overstocking.  Because of their high productivity, robustness and ability to survive 
extreme circumstances, sheep and goat production is increasing rapidly in developing countries, particularly for 
meat production. 
 



Poultry production is now well adapted to tropical conditions, especially in intensive systems, where a strict 
vaccination scheme is followed.  A whole series of prophylactic measures are needed to prevent poultry diseases.  
Eggs are a cheap source of animal proteins in human diets but the production of poultry and eggs, particularly in 
intensive systems, requires cereals, particularly maize. 
 
Animal disease prevalence is particularly high in sub-Sahara Africa, much higher than in other continents.  This 
is probably related to the fact that Africa is the oldest continent in the planet, with the highest biodiversity, and a 
large number of wild animal species and disease "reservoirs". 
 
The high animal disease pressure in tropical developing countries prevents the export of many animal products 
to the E.U..  Only under very strict surveillance and hygienic conditions are such exports allowed (e.g. poultry 
parts from Thailand and Brazil, beef from Botswana, Kenya, Swaziland and Zimbabwe).  Export of e.g. beef 
from the Sahel countries, which have a definite comparative advantage in beef production, to the E.U. is 
prohibited for sanitary reasons. 
 
Animal health is listed here as the first constraint because without adequate animal health measures, livestock 
keeping is nearly impossible and certainly uneconomical in tropical countries.  Effective surveillance and animal 
disease control measures are absolutely necessary as a pre-condition for livestock production in the tropics.  And 
this requires effective means of delivering veterinary services from public and private sources. 
 
2. Feed requirements 
Insufficient and/or poor feeds and forages are an important constraint to increased livestock production and 
productivity.  For ruminants and equines, forage availability is often at the limit, particularly when seasonal 
variations are taken into account.  There are large differences in potential carrying capacities among agro-
ecological zones, with the arid rangelands, dry savannah and tropical highlands already stretched.  There is still 
good potential in the moist savannahs and in the sub-humid zone, but here animal disease pressure is much 
higher as is competition with cereal production.  But animal production is moving more and more into the wetter 
parts of the tropics.  This is also the zone where most by-products from agro-industries are available which need 
to be utilised when livestock production is intensified.  And production intensification is occurring at a rapid 
pace in the more densely populated areas, particularly around cities where poultry and pig operations are 
emerging rapidly.  Feed grain requirements to sustain these operations will increase rapidly (cfr. section 2), with 
oilseed meal requirements even rising faster.  An immense potential market for feed grains is thus being created, 
as intensive systems, regardless of their scale, require cereals and oilseed meal (source of protein).  At present, 
many by-products from agro-industry are still being exported, particularly to E.U. markets as cereal substitutes. 
 
Only ruminants do not require cereals and are thus less in competition with humans.  But higher productivity in 
e.g. beef production also usually requires cereals or by-products of cereals.  In purely grass-fed or range-fed 
systems, productivity remains particularly low, in large part because of the long dry season that needs to be 
bridged.  Animals often loose two-thirds of the weight gain realised in the wet season during the dry season.  
Improvement of rangelands or grass pastures in tropical areas, or the application of supplementary irrigation to 
produce more feed resources is usually not profitable.  Thus, major cities located in humid (coastal) areas with 
no ruminant livestock production in the hinterland often rely on imports of low quality beef (Kappa, 5th quarter 
and offal's) or cheap fish (horse mackerel, a.o.).  For instance in Kinshasa, the major source of animal protein is 
imported, frozen fish (called "mpiodi"), up to 100.000 t/year, at a cost wholesale of not more than one US$/kg 
(4).  Even local beef production is not profitable at that price when transport costs are taken into account. 
 
The constraints on feed requirements result in low productivity of tropical livestock production, particularly for 
ruminants (meat and milk).  Often, it is also not profitable to use better feed resources as prices for animal 
products are also often low compared to e.g. E.U. prices.  For poor consumers, cheapness is the greatest attribute 
of animal products and producing quality often does not pay in the local market. 
 
There are nevertheless a number of tropical developing countries with very cheap and abundant feed resources, 
and resulting cheap animal production, e.g. Thailand and Brazil.  Exports of chicken parts from these countries 
to the E.U. are thus increasing rapidly, despite the payment of steep import duties.  Their major constraint is the 
respect of the SPS (sanitary and phytosanitary regulations), with European vets having to inspect, in situ, their 
slaughterhouses and packing stations.  Nevertheless, these countries have established equivalence agreements 
with the E.U. regarding the SPS and thus conform with European health and sanitary regulations.  Only the four 
mentioned ACP-countries enjoy the same advantages for the import of beef in the E.U., but this is a carry-over 
from the colonial period when they exported to the United Kingdom. 
 



3. Genotype and selection 
Poor genotype imposes serious limits on the productivity of indigenous breeds, which nevertheless show great 
robustness and adaptation to local circumstances.  Breed improvement programs through crossbreeding with 
exotic (European) breeds have often resulted in failure, unless animal health conditions, feeding and husbandry 
are very good and can be maintained.  This is particularly true for dairy cattle.  But often, the inherent local 
variability in genetic potential is poorly known.  Selection in local genotype is often the best strategy, but must 
be maintained over long periods of time.  Indigenous sources of higher productivity thus often exist but are 
poorly characterised and inefficiently used in breed improvement programs.  What is often gained in genetic 
potential through crossing with exotic breeds is more than lost in decreased disease resistance, adaptation to local 
feeds, heat tolerance and general adaptation to the local environment.  Thus, genotype X environment interaction 
is usually insufficiently studied.  In poor environments, local breeds usually perform the best, but at low levels of 
productivity.  And genetic improvement normally must go together with improvements in the environment and 
husbandry. 
 
4. Policy and institutions 
In the past, the livestock sector was often subjected to a wide variety of inappropriate government policies and 
institutional arrangements that seriously hampered its development.  Government policies, through overvalued 
exchange rates in particular, favoured urban consumers at the expense of local rural producers.  Trade policies 
often seriously distorted markets, while excessive regulation, monopolistic behaviour and unfair competition all 
stifled production through inadequate incentives.  Malfunctioning public institutions provided inadequate 
research, extension and veterinary services to livestock producers (6). 
 
Much has however changed for the better through economic liberalisation and privatisation policies and 
structural adjustment.  In almost all cases, the policy environment is now much better than a decade ago, 
although many institutional weaknesses still remain.  Access to veterinary services at reasonable cost, input 
supplies, appropriate technologies, credit and market information is often still problematic (3).  Usually, 
livestock production is not amongst the priorities of the government.  It is often falsely believed that livestock 
keepers are already the better-off people. 
 
Many donors hesitate to support livestock production and marketing, as there have been many failures in the past 
(see section 4).  Invariably, crop production is perceived as of much higher priority.  Almost nowhere is there a 
realisation of the coming meat revolution as incomes increase.  When there are concerns expressed about 
increasing animal agriculture, it is often limited to the environmental consequences of livestock production, 
without due attention for the necessary enabling policy environment and institutions.  Thus, livestock policy 
research must better document the important role of animal agriculture in the economy in order to marshall 
political support for the sector, improve policies and institutions. 
 
3.2. The necessary integration of livestock farming and agriculture 
 
One of the main characteristics of traditional agriculture in developing countries is that the keeping of livestock 
and agriculture are separated, principally on an ethnic basis.  An integration of both activities offers nevertheless 
many advantages: animal traction, use of by-products from agriculture, use of manure as fertiliser, increased 
opportunities for intensification.  In fact, better integration is usually a first step in agricultural intensification, 
with animals kept in a fixed place, with feed brought to the animals.  This requires a whole change in mentality 
and husbandry, which is not easy.  It is facilitated by shortage of land and population pressure, which also 
induces an increased demand for animal products.  It helps to avoid conflicts between livestock farmers and crop 
farmers. 
 
The introduction of animal traction is an excellent means to further crop-livestock integration, and to increase 
labour productivity.  But animal traction is virtually impossible in the forest zone, also because of the prevalence 
of trypanosomiasis.  Cotton production in the savannah belt of West Africa has benefited enormously from 
animal traction and has led to agricultural intensification;  A country such as Mali now produces over 500.000 t 
of seed cotton per year, and over 80 percent of cotton farmers use animal traction.  Crop-livestock integration is 
then realised, with a lot of synergies springing from it. 
 

4. PERSPECTIVES 
 
In order to supply food to a growing world population, more land will need to be brought under production, with 
less land remaining as pastures, rangelands and for the production of animal feeds, in particular cereals.  At the 
same time, more by-products from agro-industries and more crop residues will become available as animal feed.  



Nevertheless, important agricultural intensification will have to take place, resulting in higher yields per ha and 
greater intensification of land use.  All this will have to occur in a more sustainable manner, with improved 
natural resources management.  In this respect, a doubly green revolution is needed (5). 
 
The importance of animals as an efficient and economic means of food production has been challenged, as have 
its effects on the environment.  These concerns have been expressed on a number of issues, notably (8): 
• competition with alternative land uses and with the use of cereals (and some roots and tubers) as animal feed 

or for human consumption; 
• competition for carbohydrate and protein sources; 
• inability to meet national targets for animal proteins; 
• only a few large investments in livestock development projects have been marginally successful in 

increasing productivity and these have had limited impact on agriculture; 
• inadequate demonstration of how livestock can play a key role in the development of sustainable agriculture 

in different agro-ecosystems, and the failure to transfer appropriate technologies.  In particular, most of the 
increase in animal products has come from an increase in animal numbers rather than from an increase in 
individual-animal productivity; 

• resource degradation and environmental damage caused by deforestation, overgrazing and pollution; 
• contribution to global warming (methane from ruminants represents 2.5 percent of total greenhouse gases); 
• pollution from concentrations of intensive animal production enterprises. 
 
It is not possible here to discuss all these issues.  Still, livestock projects have a bad reputation with development 
organisations and donors.  Many livestock development projects are considered failures, or are not economically 
viable after project interventions have ended.  There are many reasons for this.  Livestock projects, in order to be 
successful, need a long time horizon, not the usual 3-4 years of the project cycle.  Many intensification 
technologies are not profitable, as there is not yet an enabling environment and the public institutions needed for 
viability.  There has also not been much progress in tropical livestock research: most of the diseases are still 
prevalent and cost a lot of money in control and/or eradication or alleviation.  Public disease control measures 
are expensive and need to have complete coverage in order to be effective.  Private veterinary services are just 
emerging in many countries and are often barely accessible/affordable for small livestock holders.  In many 
cases, livestock husbandry has remained traditional, locked in custom and tradition, with modern management 
techniques not being adopted. 
 
There are also some notable successes in livestock promotion projects.  The most known is probably "Operation 
Flood" in India to develop dairy production and a viable dairy industry.  As said before, India is now the largest 
producer of milk and dairy products in the world.  Also in the fight against the tsé-tsé fly, against rinderpest and 
in the eradication of the screwworm in N. Africa, there are notable successes.  Many small scale livestock 
projects initiated by NGO's or donors are also successes, but are not spectacular. 
 
Undoubtedly, we are going to have a meat revolution (2).  In the next 30 years, the world population will at least 
increase by half while animal production will at least double.  This is an enormous challenge which will put 
strains on resources and the environment (11).  Better animal disease control is a top priority and a pre-condition 
of higher productivity and incomes in livestock production.  Biotechnology can undoubtedly make a great 
contribution, as it is already doing in new drug development and diagnostics.  Disease control in developing 
countries is also probably the best strategy to prevent the introduction of diseases in our countries. 
 
The coming meat revolution offers great opportunities for our agribusiness firms and for the intelligent use of 
our expertise.  In the long term, in light of the development of the world trade organisation, and on-going trade 
negotiations, with more open, free trade in agricultural products, a better complementarity between production in 
the North and South is likely to emerge.  Milk and dairy production definitely have a comparative advantage in 
the more temperate, northern climates with their rich pasturelands, while beef and small ruminant production has 
a comparative advantage in the rangelands and semi-arid tropical areas and savannahs in the South.  Sanitary 
measures at present prevent this complementarity to be better exploited. 
 
More science and technology based approaches, which support agricultural and livestock intensification will 
however be needed to make the meat revolution come true, as economists expect it.  It is this meat revolution 
which will be the driving force in agricultural development in the tropics, and which calls for a doubly green 
revolution.  The first green revolution in the late sixties and seventies was mainly supply driven while the 
livestock revolution is driven by demand.  Governments and the private sector must prepare for this revolution 
with long-run policies and investments that will satisfy consumer demand, and alleviate malnutrition, 
environmental and public health stress. 
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ABSTRACT 
 
This study gives an overview of canine visceral leishmaniasis (Leishmania infantum) in Belgium over twelve 
years (1987 till 1999). A total of 427 serum samples was analyzed of which 123 were positive (28.8%), or on 
average, ten animals per year. Some epidemiological data are discussed and compared with those from other 
non-endemic countries. 
 
 

SAMENVATTING 
 
Deze studie geeft een overzicht van viscerale leishmaniose (Leishmania infantum) bij de hond in België 
gedurende twaalf jaar (1987 tot 1999). In het totaal werden 427 serumstalen onderzocht en hiervan waren er 123 
positief (28.8 %), of gemiddeld tien dieren per jaar. Enkele epidemiologische gegevens worden besproken en 
vergeleken met deze van andere niet-endemische landen. 
 
 

1. INTRODUCTION 
 
 
Canine visceral leishmaniasis (CVL) is frequently encountered throughout the Mediterranean basin (6). In this 
region the disease is caused by the protozoan parasite Leishmania infantum. Its cycle involves dogs as main 
reservoir and sandflies of the genus Phlebotomus as obligatory vector. In North Europe these vectors are absent 
and thus the cycle ends in the dogs. 
During the last decades more parasitic diseases are imported into non-endemic regions. Leishmaniasis is 
imported into northern Europe when dogs accompany owners on holidays or when tourists bring back 
indigenous infected dogs (9). 
Import in our neighbouring countries is reported: Germany with 464 cases in 5.5 years (3), The Netherlands with 
95 cases in 15 years (8), Austria with 21 cases in 10 years (2) and The United Kingdom with four cases in nine 
months (7). 
 
 

2. MATERIAL AND METHODS 
 
The records of samples sent to the Institute of Tropical Medicine of Antwerp (ITM) over twelve 
 years (6/1987-6/1999) were analyzed. 
In earlier days serodiagnosis at the ITM was made by a micro-immunodiffusion test followed by an 
immunoelectrophoresis to detect the two characteristic bands, i.e. band 4 and band 24 (5). Later on, an indirect 
immunofluorescent antibody test became available and in more recent years a direct agglutination test was used. 
In addition a slide enzyme-linked immunosorbent assay (10), and a Dot-ELISA (11) were developed. 
The parasitological diagnosis was made by May-Grünwald-Giemsa stained smears of lymph node, skin or bone 
marrow biopsies. In some animals the parasites were demonstrated in histological samples of the spleen, skin or 
lymph node. 
Some epidemiological parameters were statistically analyzed by means of a Mann-Whitney test. To estimate the 
incubation period the dogs that were born (n = 7) or had travelled several times (n = 11) in endemic areas were 
excluded. 
 
 
 
 



3. RESULTS 
 
3.1. Serology 
A total of 427 serum samples has been analyzed, of which 123 were positive, representing approximately 29 % 
of the samples or 10 infected dogs each year. Figure 1 shows the distribution of these sera over the years and 
figure 2 over the months. 
 
 

 
 
Figure 1: distribution over the years of 427 serum samples of dogs suspected of being infected with Leishmania 
from june 1987 till june 1999. 
 
 
 
 

 
 
Figure 2: distribution over the months of 427 serum samples of dogs suspected of being infected with 
Leishmania from june 1987 till june 1999 
 
 



3.2. Parasitology 
In 27 dogs parasites were demonstrated in lymph node, skin, spleen or bone marrow. 
 
3.3. Symptomatology 
Table 1: prominent symptoms of dogs (n = number) with visceral leishmaniasis in non-endemic countries. 
 

Symptom Belgium 
(n=66) 

The Netherlands 
(n=80) 

Austria 
(n=21) 

Germany 
(n=184) 

Dermatology 
Lymphadenopathy 
Weight loss 
Onychogryphosis 
Conjunctivitis 

89% 
33% 
23% 
5% 
5% 

89% 
90% 
64% 
20% 
33% 

100% 
38% 
NK 
33% 
29% 

72% 
36% 
50% 
NK 
25% 

NK = not known 
 
3.4. Dog breed 
Table 2: occurrence of canine visceral leishmaniasis according to breed (n = 83) in Belgium during a 12 year 
period (6/1987 till 6/1999). 
 

Dog breed Number  

Small (Jack Russell, Poodle, Teckel, West Highland White 
Terrier, Yorkshire Terrier, Mongrel) 
 
Medium (Fox Terrier, Schnauzer, Mongrel) 
 
Large (Afghan Hound, Airdale Terrier, Alaskan Malamute, 
Beauceron, Bobtail, Boxer, Briard, Collie, Doberman, German 
Bracque, German Dog, German Shepherd, Griffon, Irish Setter, 
Labrador Retriever, Malinois Shepherd, Pyrenean Shepherd, 
Rottweiler, Samojed, Mongrel) 
 
Unknown 

13 
 
 
4 
 

48 
 
 
 
 
 

18 

15.7% 
 
 

4.8% 
 

57.8% 
 
 
 
 
 

21.7% 

 
3.5. Dog ages and sex. 
3.5.1. Sex and ages at which dogs got infected 
Table 3: comparison of age (years) in male and female dogs with visceral leishmaniasis in Belgium from 6/1987 
till 6/1999. 
 

 Male Female Sex unknown Total 

Number 
Range 
Median 

43 
0.5 - 12 

5.5a 

34 
0.7 - 10 

3a 

5 
2 - 10 

4 

82 
0.5 - 12 

5.0 
a : Mann-Whitney test : P = 0.06 
 



3.5.2. Incubation period and sex 
Table 4: comparison of incubation period (months) in male and female dogs with visceral leishmaniasis in 
Belgium from 6/1987 till 6/1999.. 
 

 Male Female Total 

Number 
Range 
Median 

9 
4 - 36 

6 

14 
1 - 18 

6 

22 
1 - 36 

6 

 
 
 

4. DISCUSSION 
 
4.1.1. Serology 
During the period of 12 years with 123 positive dogs, which amounts to approximately 10 dogs per year, the 
number of positives ranged from 8 to 16 per year. Figure 1 shows two peaks in the number of sera sent to the 
ITM in 1991 and 1996. This may have been the result of the publication of two papers concerning the canine 
imported leishmaniasis in Belgium (1, 12). Perhaps, it encouraged practising veterinarians to take this disease 
into account in their routine work. Figure 2 shows that in the month of may the highest number (n = 17) of 
positives was reached, whilst the lowest number (n = 4) was reached in january. Nevertheless, more dogs are 
suspected of infection in late summer and autumn, but the number of positives does not increase. The reason for 
this may be the long incubation period in these dogs, i.e. 6 months. These dogs do not present clinical diseases 
after their return in Belgium from summer holiday untill 6 months later in spring of the following year. When 
these patients are examined by the veterinary surgeons it can take some time for several differential diagnoses to 
reach  the definitive diagnosis of  leishmaniasis in may. Although the study shows a range of the incubation 
period of one month to three years, with a median of 6 months (table 4), Slappendel (8) claims it can even take 
as long as five to seven years before first clinical signs appear. 
 
4.1.2. Prevalence in other non-endemic countries 
Table 5 shows a low figure for The Netherlands, but in the same paper by Slappendel (8) that was published in 
1988 the number of infected dogs at that time was 20 animals per year. Taken into cosideration the number of 
inhabitants, companion animals and travelling, these figures are similar. In The Netherlands the risk of infection 
was estimated as 0.027 - 0.70 % (4). No such estimates are available for other non-endemic countries. 
Table 5: number of dogs with visceral leishmaniasis in non-endemic countries. 
 

Country (author) Dogs Period (years) Dogs per year 

Austria (Edelhofer) 
Belgium (Vercammen) 

Germany (Gothe) 
The Netherlands (Slappendel) 

21 
123 
464 
95 

85 - 94 (10 yrs) 
6/87 - 6/99 (12 yrs) 
1/85 - 6/90 (5.5 yrs) 
9/71 - 9/86 (15 yrs) 

2 
10 
84 
6 

 
 
4.2. Parasitology 
Parasite detection remains difficult. In about 22 % of the dogs parasites were demonstrated and this corresponds 
with the findings of Gothe (3), i.e. 20 - 30 % parasitologically confirmed dogs. Lymph nodes in dogs are easier 
to sample than other organs and this can explain the more frequent reports of the parasites in these sites. 
 
4.3. Symptomatology 
Canine leishmaniasis is a disease with many faces, but more than 80 % of the symptoms in this study involve the 
skin and lymphatic/blood system. These findings correspond with the ones of Slappendel and Greene (9), Gothe 
(3) and Edelhofer et al. (2) and stress the importance for the practitioner to have a full anamnesis in order to 
interpret the clinical symptoms. 
 
4.4. Dog breed. 
Surprisingly, half of the infected dogs belong to the larger breeds, predominantly German Shepherd, Boxer and 
Doberman (table 6). Nevertheless, it seems logic that more smaller dogs are taken on holiday, but these dogs are 
perhaps better protected against sandfly bites because they may be kept more often indoors at night with their 



owners. Although Slappendel (8) recorded no difference between the breeds, Edelhofer et al. (2) and Gothe (3) 
reported that about half of the dogs belonged to one of the larger breeds, corresponding with the breed 
distribution in this study. 
Table 6: predisposition of certain breeds that imported visceral leishmaniasis into non-endemic countries. 
 

Author (Country) Number of 
dogs 

German 
Shepherd 

Boxer Doberman Total (%) 

Edelhofer (Austria) 
Gothe (Germany) 
Vercammen (Belgium) 

21 
86 
83 

1 
16 
8 

3 
7 
5 

1 
6 
5 

5 (24%) 
29 (34%) 
18 (22%) 

 190 25 (13%) 15 (8%) 12 (6%) 52 (27%) 

Slappendel (The Netherlands) reported no predisposition of any breed after analysis of 95 dogs. 
 
4.5. Dog ages and sex. 
Neither the age (P = 0.06), at which dogs got infected, nor the incubation period were significantly different 
between male and female dogs (tables 3 and 4). The median age of all the dogs in this study with a known age (n 
= 82) was five years. This is not significantly different from Edelhofer et al. (2), reporting a median age of four 
years (n = 21, P = 0.45), nor the median age of five years which Gothe (3) reported (n = 184, P = 0.39) (table 7). 
Slappendel (8) does not give individual ages, but reports a median age of four years. In those papers and in our 
observations, more male dogs than bitches were reported to be infected (table 8). 
Table 7: comparison of age of dogs with visceral leishmaniasis between different non-endemic countries 
 

Author Country Number 
of dogs 

Age 
range in years 

Age 
median years 

Edelhofer 
Gothe 

Vercammen 
Slappendel 

Austria 
Germany 
Belgium 

The Netherlands 

21 
180 
82 
95 

0.8 - 12 
0.5 - 15 
0.5 - 12 
0.4 - 13 

4.0 
5.0 
5.0 
4.0 

 
 
Table 8: comparison of male and female dogs with visceral leishmaniasis in non-endemic countries. 
 

Author Country Male Female Total 

Edelhofer 
Gothe 

Vercammen 
Slappendel 

Austria 
Germany 
Belgium 

The Netherlands 

16 (76%) 
120 (65%) 
45 (56%) 
59 (62%) 

5 (24%) 
64 (35%) 
35 (44%) 
36 (38%) 

21 
184 
80 
95 

  240 (63%) 140 (37%) 380 

 
 
4.6. Country of infection.(table 9) 
Spain and France are popular tourist resorts for Belgians; it's therefore not surprising that most dogs got infected 
in those countries. Most dogs from German owners got their infections in Spain and Italy (3). In Austria 
however, mainly Spain, Greece and Italy (2) are involved. 



Table 9: country of infection of dogs with visceral leishmaniasis in non-endemic countries. 
 

Country of infection Austria 
(Edelhofer) 

Germany 
(Gothe) 

Belgium (Vercammen) 

Spain 
France 
Greece 
Italy 

Portugal 
France/Spain 
Yogoslavia 

10 (47.6%) 
1 (4.8%) 
4 (19.0%) 
3 (14.3%) 
2 (9.5%) 

- 
1 (4.8%) 

87 (51.8%) 
21 (12.5%) 
20 (11.9%) 
30 (17.8%) 
10 (5.9%) 

- 
- 

37 (54.4%) 
22 (32.4%) 
1 (1.5%) 
1 (1.5%) 
5 (7.4%) 
2 (2.9%) 

- 

 Nr of dogs = 21 Nr of dogs = 168 Nr of dogs = 68 

France/Spain = travelling in the two countries during the same holiday 
 
There is no evidence for the existence of autochthonous leishmaniasis in Belgium as there is not one dog 
infected that was born in Belgium and had never left the country. Nevertheless, our records involve two positive 
dogs that had never visited endemic regions: one was born in The Netherlands and imported as a puppy (12), the 
other one was imported from Germany as a young dog. Both may have been infected in their country of origin. 
Slappendel (8) claims the occurrence of two autochthonous cases in The Netherlands, but this and the two dogs, 
suspected to be infected in Germany, are rather speculative, according to Gothe (3). 
 
4.7. Conclusion 
Taken into consideration that Leishmania is not commonly included in the differential diagnosis by the 
practitioners in non-endemic countries, it has to be assumed that the percentage of canine infection in Belgium is 
higher than the present study indicates. This is also the conclusion of other workers in Germany (3), The 
Netherlands (8) and The United Kingdom (7). When dogs return to Belgium from endemic regions, they should 
be routinely screened, both clinically and serologically. 
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ABSTRACT 
 
International trade policy development is characterised by the outcomes of the Uruguay Round Agreement on 
Agriculture, the outlook on the next round of negotiations, which will be called the Millennium Round, and the 
reform of the European Union Common Agricultural Policy, known as Agenda 2000. The present paper focuses 
on each of these subjects with relevance to livestock production. Negotiations for the next round of trade 
liberalisation, which will be initiated in late 1999, are expected to deal with newly emerging issues like animal 
welfare, food safety and environment standard. These latter issues are specifically relevant and to be followed up 
from the livestock production viewpoint. 
 
 

SAMENVATTING 
 
Ontwikkelingen op het vlak van internationale handel zijn gekenmerkt door de impact van de Uruguay-Ronde-
overeenkomsten met betrekking tot landbouw, door verwachtingen omtrent de volgende onderhandelingsronde 
die haar intrede maakt als de Millennium Ronde, en door de recente hervormingen van het Europees 
landbouwbeleid binnen het Agenda 2000 pakket. Deze paper behandelt elk van voornoemde aspecten met 
relevantie voor de veehouderij in de toekomst. Er wordt verwacht dat een aantal nieuwe thema’s aan bod zullen 
komen tijdens de volgende onderhandelingen omtrent verdere liberalisatie van de wereldhandel. Het gaat hierbij 
om thema’s zoals dierenwelzijn, voedselveiligheid en bescherming van het milieu. Specifiek vanuit het 
standpunt van de veehouderij vergen deze thema’s bijzondere aandacht en opvolging. 
 
 
 

INTRODUCTION 
 
The Uruguay Round Agreement on Agriculture (URAA) set new rules for world trade in agricultural goods and 
initiated a modest reduction in protection. The agreement has fundamentally changed the rules for international 
agricultural trade and has established quantitative constraints for the agricultural policies of all WTO (World 
Trade Organisation) members [1]. The terms of the URAA have by now been implemented for the greater part 
and the process of slow liberalisation has started. Prompted by the impasse of the URAA, the EU in 1992 
enacted the MacSharry Common Agricultural Policy (CAP) reforms, which significantly reduced support prices 
for cereals and beef, and introduced partially decoupled arable area and beef headage payments to compensate 
farmers for their revenue loss [2]. 
 
In 1995 the EU, together with the other GATT (General Agreement on Tariffs and Trade) signatories, converted 
its pre-1995 systems of border protection into tariffs and embarked upon a 6 year implementation period. During 
this period, tariffs are being reduced by 36 percent on average, domestic support to the farm sector by 20 
percent, the volume of subsidised exports by 21 percent and, and expenditure on export subsidies by 36 percent. 
 
Today, the EU itself has changed, counting now 15 Member States and with a further 10 states from central and 
eastern Europe plus Cyprus and Malta aiming at becoming members of the EU. In response to the potential 



enlargement, the Agenda 2000 talks were initiated, including suggestions for modifications of the existing CAP. 
In Agenda 2000 the EU attempted to deepen previous reforms for beef and cereals, and to extend their scope to 
milk. On the global scene, a new round of multilateral trade negotiations are expected to take off before the end 
of 1999. This round of negotiations will be referred to as the Millennium Round and agriculture is again bound 
to figure strongly in the battles that lie ahead [2]. 
 
The present paper focuses on international trade and policy developments with relevance for current and future 
livestock production. First, the impacts of the URAA on international trade and agricultural development are 
discussed. Second, the key features of the Agenda 2000 CAP and the outlook on the Millennium Round are 
indicated. Third, emerging public concerns related to livestock production and their potential implications for 
domestic policy and international trade are highlighted. Issues include animal welfare and food safety [3, 4, 5]. 
Finally, conclusions are set forth. 
 
 

THE IMPACT OF THE URUGUAY ROUND 
 
The URAA established its new regime for agricultural trade under the now familiar three headings of market 
access, export competition and domestic support. Protection was to be made more transparent by converting non-
tariff import barriers into tariffs. Some assurance of continued market access, coupled with new minimum access 
where no imports existed, was provided in the form of Tariff Rate Quotas. New and existing tariffs were bound 
and reduced, on average by 36 percent over a 6-year implementation period. Export subsidies were capped both 
in terms of expenditure and volume of subsidised exports: the allowed expenditure was to fall by 36 percent, and 
the volume by 21 percent. No new export subsidies were introduced. Transfers to producers through domestic 
support programmes were also limited and reduced by 20 percent. Josling and Tangermann [1] reviewed the 
main changes resulting from the implementation of the URAA and came to the following conclusions: 
 
- Despite the fact that the push for tariffication was largely aimed at the market access regulations in the EU, 

the mechanisms determining market access changed little and the ease of access has improved only 
marginally. In some cases, market access actually declined as a result of tariffication, particularly where 
levies were previously tied to domestic cereal prices. For example, CAP reform had already reduced import 
levies on pig meat below the tariff equivalent in the WTO base period. 

 
Similarly, market access provisions did not lead to a dramatic opening up of the US market for agricultural 
goods. For many products, trade barriers were low before the Round, and for sensitive items like dairy 
products and sugar liberalisation was modest. Market access provisions had a more marked impact in 
Canada, where the existing non-tariff import barriers were converted into bound tariffs as a direct result of 
the URAA. The improvement in market access in Japan has been very modest, opposite to South Korea 
where access generally improved in line with a gradual liberalising trend over the past years. Finally, 
domestic policy reforms in the mid-1980s in Australia and New Zealand had removed many of the trade-
distorting domestic subsidies, in particular in the livestock sector, which made implementation of the URAA 
quite easy. 

 
- The picture has been very different with respect to the constraints on export subsidies. It was always known 

that the constraints on export subsidies were likely to be the most binding. Both EU, US, Canadian and 
Australian export subsidy programmes were subject to considerable cuts. However, high world prices for 
cereals in 1995 and 1996 have meant that export subsidies naturally declined, which limited the enforcement 
of the WTO constraint schedules. Neither South Korea, Japan or New Zealand have relied significantly on 
export subsidies, and therefore are not faced with the problem of implementing the export subsidy 
constraints. 

 
- The URAA domestic support commitments have not had a major impact on the policies of the major trading 

countries. Thanks to the Blair House deal, the impact has been almost imperceptible in both the EU and the 
US. By contrast, both Japan and South Korea have had to adjust domestic support programmes by reducing 
agricultural spending and lowering administered prices. Both countries have reoriented their spending 
towards improving productivity through land consolidation, market development and research activities, so 
as to reduce the need for price support and border protection. 

 
 
 

 



OUTLOOK ON THE MILLENNIUM ROUND 
 
One of the important aspects of the agreement reached on agriculture in the Uruguay Round was the intention to 
continue the reform process in agriculture in the future, through negotiations to be initiated in 1999. The credible 
starting point for the new round is that the negotiations will start where the previous ones left off. In this respect, 
the idea would be to start from the new disciplines agreed in the Uruguay Round and improve them by 
strengthening the rules and making further reductions. These reductions probably will be defined relative to the 
base tariffs agreed in the Uruguay Round. Four topics are expected to emerge during the talks: the three that 
were launched in the previous round, i.e. market access, export subsidies and domestic support, plus newly 
emerging issues dealing with animal welfare and food safety. The first three issues are discussed in the following 
paragraphs while the latter one is discussed more in depth under a separate heading. 
 
In the area of market access, another round of tariff reductions is likely to be realised. The rate of reduction may 
need to be set at least as high as that agreed in the Uruguay Round. If another reduction of 36 percent could be 
agreed for the next round, then only 28 percent of the base period tariffs (1986-1988) would remain in place. 
Although still some way from free trade, it would bring agriculture much closer to the open markets that are 
becoming the rule for manufactured goods. Issues to be dealt with extend beyond the average height of the 
tariffs. Many tariff peaks remain and tariff dispersion is in some cases even more pronounced than in the 
beginning of the implementation period. Therefore, it can be expected that higher tariffs will have to be reduced 
more than lower ones. Since the highest tariffs are usually on some sensitive products like dairy and sugar, the 
willingness to put these sectors on the international bargaining table is expected to become a critical success 
factor for the Millennium Round. 
 
On export subsidies, it is expected that some countries will try to negotiate a complete elimination in the next 
round. If that can not be achieved, then at least the same rate of reduction in expenditure and quantity as was 
negotiated in the Uruguay Round might be agreed. If so, by the end of the second transition period only 28 
percent of the base-period expenditure would be available to subsidised exports.  
 
Although the domestic support provisions have not had much impact on most countries’ policies, it is considered 
to a step backwards to relax the existing constraints. If the rate of reduction would be as high as agreed in the 
Uruguay Round, it would leave still 60 percent of the coupled domestic support in place at the end of the second 
transition period. One of challenges will be to reach agreement on making the domestic support commitments 
relate to individual products, rather than to aggregate support. 
 
 

AGENDA 2000 
 

For the EU to go into the Millennium Round in a position of strength would require further reforms of the CAP 
in advance of the talks. In March 1999 the Agriculture Council agreed a package of CAP reforms which have 
been widely rejected by European farm groups as well as by the French government. As a result, the proposed 
reforms were substantially weakened and the likely outcome is a set of modest reforms which will most likely 
have to be supplemented later as the final WTO package becomes clear. The key features of the Agenda 2000 
CAP reforms can be summarises as follows [2]: 
 
- The intervention price for cereals will be reduced by 15 percent in two tranches in 2000 and 2001. Arable 

area payments will be increased to compensate for half this price cut. Compulsory set aside is retained, at a 
base rate of 10 percent, until 2006. 

 
- For beef, support prices are to be reduced by 20 percent by 2002 and a safety net intervention system is to be 

retained. The beef special premium and the suckler cow premium are enhanced. For dairy cattle, all animals 
become eligible for a new slaughter premium of 80 euro per head for animals over 8 months old and Member 
States are entitled to pay from their own budgets a slaughter premium on young calves.  

 
- The milk quota regime has been renewed until 2006, with a mid-term review in 2003. A 15 percent cut in 

intervention prices is adopted and scheduled to start in 2005 with three annual 5 percent steps. In parallel 
with the price cuts milk quotas will be increased by 1.5 percent pro-rata in most Member States. 

 
- Although support prices for cereals, beef and milk have been reduced, the Commission neither proposed, nor 

did the Council adopt, any concomitant reductions in import tariffs. 
 



The feeling about the Agenda 2000 CAP reform is that, with its limited time horizon to 2006 and in its weakened 
version, the package will fail to address budgetary excesses, the realities of enlargement towards the east and 
emerging future trade issues. Agenda 2000 is considered as yet another timid step in the long process of radical 
reform. Therefore it is expected that the next reform package will be introduced in 2005. However, it seems 
more likely that the EU will be forced to make further modifications to the CAP before a WTO agreement can be 
concluded. Hence, if WTO negotiations progress quickly, new reform proposals can be expected quite early in 
the next decade.  
 
 

PUBLIC CONCERNS AND EMERGING TRADE ISSUES 
 
Inevitably in the world of trade policy, issues arise that have to be dealt with in whatever negotiation forum is to 
hand. International agreements that aim to promote freer agricultural trade are seen by some as an impediment to 
addressing social concerns. As the general public becomes increasingly concerned about the impact of 
agriculture on the well being of society, a new and more complex political situation is emerging in the agro-food 
sector. Thus, the agenda of the Millennium Round is likely to include issues with relevance to agriculture and 
livestock production other than three classical ones mentioned before. Such issues include the beef hormone 
dispute, animal welfare, food safety, protection of the environment and genetically modified organisms (GMOs). 
 
There is a dispute as to what extent international agreements could and should acknowledge difference in values 
and beliefs among countries. Some argue that the agreements should not undermine the primacy of domestic 
objectives. Others argue that the new concerns are essentially misused by those who want to protect their 
domestic agriculture from international competition [5]. Where standards differ between the home and exporting 
country, imports may face trade restrictions. These may be necessary both to avoiding disadvantaging domestic 
producers subject to higher standards and to reassure consumers about specific product characteristics. Although 
the application of higher standards for imports might be justified when viewed from a food safety or animal 
welfare perspective, it may also lead to non-tariff barriers to trade, trade distortions and protectionism. Major 
trade conflicts resulting from differences in ethical views on food production processes have not yet arisen. 
However it seems likely that they will with the emerging debates about farm animal welfare, the use of 
Genetically Modified Organisms (GMOs), growth promoters and hormones. Specifically with respect to GMOs, 
the US is irritated at the slow process of accreditation of GMOs in Europe. Given the importance of trade in 
livestock products and the fact that many of the issues deal with animal production, the livestock sector is at the 
first line of the debate. 
 
Within the framework of the URAA, domestic policies that seek to prevent the entry of products that do not meet 
health, quality, safety or environmental standards of the home country are subject to international scrutiny and 
legal sanctions. Such scrutiny has been exemplified in the examination of EU regulations on the use of animal 
growth hormones and US environmental protection policies. The ban on recombinant bovine somatotropin 
(rBST) in the EU has not yet generated trade conflicts as little trade occurs in liquid milk, but it could be a point 
of contention in the future. The potential impact of differing standards between countries may be seen from the 
EU-US beef hormone dispute. The EU prohibits the use of specific growth promoters and hormones because of 
allegations about their possible negative effects on human health. The US finds no scientific evidence to support 
this claim. A GATT panel has ruled that unless further sound scientific evidence is presented the EU will have to 
lift its import ban and pay compensation to foreign producers. 
 
Current international agreements in the WTO dealing with standards address exclusively a product or process 
that leaves some physical trace. They do not address factors that may leave no tangible effect on a product, such 
as animal welfare or environmental standards. Both with respect to consumer satisfaction and industry 
competitiveness, debates are justified as to whether domestic standards can be set independently of what is done 
in other countries. Therefore, it appears that the best approach to resolving differences would be to try to change 
production practices globally rather than restricting trade in products that do not meet certain standards. 
 
 

CONCLUSIONS 
 
The implementation of the URAA has been made easier by the continuing process of domestic agricultural 
policy reforms in the major trading countries. A new set of talks are being initiated in late 1999 to continue the 
process of reform and liberalisation. In preparation for the Millennium Round, Agenda 2000 proposed a new 
reform the EU CAP. However, in its much weaker form than initially proposed, it is expected that further radical 
reform will be needed to comply with future WTO agreements, EU enlargement towards the east and budget 



constraints. Along with negotiations dealing with market access, export subsidies and domestic support, it is 
expected that newly emerging issues like animal welfare, food safety and environment standards will be 
incorporated in the talks. Specifically from the viewpoint of livestock production, international bargaining on 
these latter topics is to be followed up closely. 
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ABSTRACT 
 
 

 
In the following article, an overview is presented of the awakening industrial poultry sector in two African 
countries, namely the Ivory Coast and Cameroon. Africa, with its exploding population growth, will in the near 
future have an ever-growing need for animal proteins. In the Ivory Coast, the government is taking major steps 
to stimulate the industry. In Cameroon, everything remains still in the hands of the private sector. A comparison 
is given for cost prices in both countries and we provide a look into the effects of imports of poultry meat from 
Europe. For the Ivory Coast, the complete poultry industry is described with emphasis on the importance of the 
different professional organizations in the sector. 
In the matter of epidemiology, a summation is given of the major viral, bacterial, and parasitic infections that 
have a detrimental effect on the whole poultry sector. Preventive measures against the occurrence of diseases are 
described. 

 
SAMENVATTING. 

 
In onderstaand artikel wordt een overzicht gegeven van de ontluikende industriële pluimveehouderij in twee 
Afrikaanse landen, namelijk Ivoorkust en Kameroen.  Afrika met zijn explosief groeiende bevolking zal in de 
nabije toekomst steeds meer nood hebben aan dierlijke eiwitten.  In Ivoorkust doet de overheid massale 
inspanningen om de sector te stimuleren.  In Kameroen ligt alles in handen van de privésector.  Kostprijzen 
worden vergeleken in beide landen, en ook het effect van import van pluimveevlees uit Europa wordt bekeken.  
Voor Ivoorkust wordt de volledige pluimveefilière beschreven en het belang van de verschillende professionele 
organisaties onderlijnd. 
Naar epidemiologie toe worden de voornaamste virale, bacteriële en parasitaire aandoeningen opgesomd die de 
rentabiliteit van de ganse pluimveesector beheersen.  Prophylactische maatregelen worden beschreven om 
ziekte-insleep te voorkomen. 

 
 

1. INTRODUCTION. 
 
The objective of this presentation is to provide an overview of the current conditions in the poultry farming 
sector in two African countries. The company N.V. Versele-Laga maintains commercial interests in two African 
entreprises, the SPC firm in Cameroon and FACI in the Ivory Coast. In spite of the fact that both countries are 
situated in the same African region, namely West Africa, notable differences are present in the approach of the 
public administrations to stimulate the growth of poultry farming. In the Ivory Coast, on the one hand, we have a 
young and dynamic democracy at work under president Bédié, with ambitious plans to boast the nation’s 
economy. In Cameroon, on the other hand, the authorities just sit back and passively watch how the private 
sector struggles to maintain its foothold. 



2. THE AFRICAN CONTINENT. 
 
Some figures make us realise how Africa is a continent in full expansion with a growing demand for the supply 
of animal proteins to feed its population. In 1990, the African population was estimated at 630 million; in the 
year 2000, the expectation is for 850 million, and by 2010, a staggering 1 billion people. 
The consumption of poultry products is very low in comparison with the world average, namely, for eggs 2 
kg/person/year and for chickens 2 kg/person/year: the world average is 6 kg and 9 kg respectively. 
The 1995 statistics teach us that some 36 billion eggs were produced in Africa in the course of that year (an 
increase of 1.5 %, while the world average rose by 3 %) and 2.2 million tons of chicken meat (3.2 % increase in 
comparison with 6 % globally). 
 
Conclusions for Africa : the continent holds 14 % of the world population. It produces a mere 4.5 % of the world 
poultry total and the growth is on the average 50 % below the world average. 
The desirable target objectives for the whole of the continent are as follows: 
 Bringing down production costs. 
 Improving the zoological technology and sanitation conditions. 
 Striving for optimum genetic lines that are adapted to prevalent African conditions. 
 Technical counselling and guidance. 
 
For the whole continent generally, the production costs for poultry meat are much too high. Studies have shown 
us that in the European poultry sector, the production cost in relative terms works out from 450 to 500 FCFA/kg 
L.G. For West Africa, this figure amounts to approximately 800 FCFA/kg L.G. (the exchange rate for 800 FCFA 
is about 48 BEF). In Europe, the cost price for eggs is about 500 FCFA/kg; in Africa, this cost price is from 700 
to 800 FCFA/kg. 
 
General factors that influence the cost price: 
 - The genetic selection. 
 - The nature of the financing. 
 - The technical know-how of the poultry breeder. 
 - The feed, the climate, the breeding facilities. 
 - The sanitary conditions. 
 

3. ECONOMY OF THE POULTRY FARMING SECTOR IN THE IVORY COAST. 
 
3.1. Some statistics. 
 

- Population of 14 million. 
- 10.000 people employed in the poultry sector 
- sales revenue in the poultry sector : 30 billion FCFA. 
- Egg production in 1998 : 713 million eggs 
- Poultry meat production in 1998 : 11,800 tons. 
- Figure for table chicks raised in 1998 for consumption : 9.2 million. 
- Figure for laying-hens raised in 1998 : 2.85 million. 
- Feed production : 110,000 tons, of which 66,000 tons of corn. 
- Consumption of eggs/person/year : 51 eggs. 
- Consumption chicken meat/person/year : 0.842 kg. 

 
3.2. Socio-economic context. 
 
Animal production in general represents approximately 2 % of the total GNP. Firstly, there is still an important 
contribution from the local home industry in villages where there is no inspection or control over prophylactic 
programmes (pigs, poultry, zebras, small ruminants). Aside from that, there is the development along completely 
new and different lines on an industrial scale. 
The domestic self-sufficiency level for poultry meat is 43 %, for eggs it is already 100 %, while for milk it 
amounts to a bare 10 %. 
The imports of animal products still amount to 100 billion FCFA. In this context, the Ivory Coast government 
has decided to draw up a 3-year economic plan for the stimulation of the poultry sector. To this end, a number of 
scenarios have been worked out. 
 



3.3.  Organisational structure of the poultry production . 
 
Hatcheries. 
Eight hatcheries are active in the Ivory Coast, of which four with their own broodhen stocks (amongst others 
FACI). The remaining hatcheries import hatching eggs from France, Belgium, the Netherlands, South Africa, 
Cameroon, Senegal, and even from Brazil. 
In 1997, 1,207,000 hatching eggs were imported. The government is planning to establish breeding farms for 
broodhen stocks in the western regions, with exclusion of the Abidjan area because of the high humidity and 
pollution factors. 
 
For the table stocks, strong varieties such as Cobb, Hybro, and Moss are being used, but also less performant 
breeds such as Arbor Acres, Shaver, or Vedette.  
For the laying breeds, Lohmann SL, Hyline W are preferred for the light stocks, and Isa Brown, Lohman Brown, 
and others for the medium-heavy stocks. 
In Africa, the egg-count per dam is approximately 125 to 140 hatching eggs, thus about 115 day-old chicks. At 
high temperatures, the laying declines to approximately 100 to 110 eggs per dam. 
 
Feed production firms. 
The Ivory Coast counts 12 feed production entreprises (amongst others FACI). The total production of these 
entreprises amounts to approximately 100.000 tons per year. 
Base materials used : corn, sorghum, milocorn, cassava. 
 soya, peanuts, sesame. 
 fish meal, treacle. 
 pre-mixes, CMV, amino-acids, and additives. 
 
A weak link in the production processes is the unreliable availability of the base materials for corn and fish meal. 
Corn makes up 60 % of the dietary mix. The feed-mix industry has need of an annual supply of 60,000 tons of 
corn. This is only 15 % of the local production. 
There is a constant competition in the feed sector, in its availability, its local usage by the population, and its 
exports to Mali, Ghana, and Burkina Faso. 
For soyabean meal extraction and cotton meal extraction applies that cotton is not produced in the Ivory Coast 
and soyabean production is on the decline. In 1997, 4,000 tons of soyabean were imported, which meant a rise in 
the feed prices.  
Fish meal is another delicate product that is for ever unavailable in sufficient quantities. The feed industry needs 
an annual supply of 10,000 tons, while the domestic production in 1997 amounted only to 6,400 tons. The largest 
fish meal processor prefers to export his products resulting in fish waste becoming rare. 
The following improvements need to be visualised with great urgency : analysis of the raw materials, a balanced 
composition of the feed, more precise weighing and homogeneous mixing, storage of stocks under good 
conditions. 
 
Poultry entreprises. 
Eighty percent of the firms are located around the capital Abidjan. Approximately 1274 farms are dealing in 
roasting chickens. Fifty-seven point six percent of the firms are responsible for only 7.1 % of the total 
production, while 12.2 % manage 74.3 % of the production. 
There are approximately 182 firms that deal in laying-hens. 80.3 % of the firms operate with fewer than 5,000 
animals and produce 18.3 % of the eggs. The remaining farms (more than 5,000 animals) produce 81.7 % of the 
eggs. 
Table chicks reach a weight of 1.95 kg in nine weeks with a feed conversion of 2.2. These figures are feasible 
provided the temperature does not exceed 25 °C. The death rate fluctuates around 5 %, with extremes up to 10 % 
when the temperature increases. 
On slaughter at 45 days, one achieves a live weight of 1.5 kg. This means a dead weight of 1.130 kg and 800 
grams of usable meat. 
Costs for the breeder of poultry meat are split as follows: 
   60 – 65 %  feed 
   20 – 23 %  purchase of chicks 
   10 %          personnel, litter, medication 
   4 – 6 %      investment and depreciation 
 



An example in the Ivory Coast : a farm with a production capacity of 2,000 chickens per week (1.6 kg live 
weight at 50 days ). The firm operates out of 9 buildings of which 7 are occupied and 2 are vacant for sanitation 
intervals. 
The cycle runs over 9 weeks : 7 weeks for breeding + 2 weeks vacancy and setting-up with one week interval, 
thus approximately 14,000 chicks per farm. 
The majority of the breeding enclosures are left open to the air with open walls of 40 cm to 60 cm height with at 
the top a netting or trellis work of 1.5 m to 2.2 m. 
The enclosures are occupied by approximately 10 chickens per m². 
 
3.4 Professional organisations. 
UACI (Union of Poultry Breeders of the Ivory Coast). 
This organisation was established in 1989 after the bankruptcy of almost 50 % of the existing entreprises as a 
result of mass imports of meat from the European Union. It defends the interests of its breeders and searches for 
avenues for the commercialisation of the products. 
 
INTERAVI (Interprofession Avicole) 
Established in 1988. A group of industrials : breeders, slaughterers, packaging agencies, and feed sector 
entreprises. 
 
IPRAVI (Interprofession Avicole Ivorianne) 
Established in 1995. Unites both above-mentioned organizations into a very dynamic association with as its 
objectives : stimulation of the consumption of the product, management of production costs, and increase in 
profitability. 
The association is active in the opposition to some punishing obstacles, namely the total absence of a financing 
system adapted to serve the agrarian sector. Interest rates of up to 18 % are not  exceptional. 
It is fighting against high inflation in the price of raw materials and is engaged in the non-ending battle against 
imports of deep-freeze products, especially from the EU. All imported products are always frozen. It concerns 
especially chicken and turkey parts (wings, necks, backs). 
In 1995, imports of meat products consisted for 93 % of poultry meat. 
In spite of compensating subsidies by the government in order to stimulate domestic production, imports from 
other continents remain the main stumbling block for the development of the national poultry farming sector. 
 

4. ECONOMY OF THE POULTRY FARMING SECTOR IN CAMEROON. 
 
4.1. General. 
 
Problem areas in the poultry farming industry in Cameroon follow the trends in the Ivory Coast. However, what 
is lacking in Cameroon is a public administration management policy to actively stimulate agriculture. 
Only the private sector engages in initiatives, namely those organizations with access to foreign capital. A policy 
to defend the sector’s interests through concerted actions by organizations is non-existent; thus, taking 
everything into account, the sector is a non-profitable one. 
Production of poultry is concentrated in the mid-South and in the centre of the country. Commercialisation is 
carried out in 3 of the nation’s centres, namely Douala, the economic heartland, Yaoundé, the political centre, 
and Bafoussam, the most important agrarian centre. 
Douala is a port city, destination for all raw materials. It is a metropolis where much of the local production is 
being consumed, as well as products from Bafoussam in the west. Yaoundé, the political nerve-centre, is a major 
consumer of products from Bafoussam. 
Bafoussam itself is the largest production area in Cameroon. It even exports to Gabon, Congo, Central Africa, 
and Equatorial Guinea. 
 
4.2 Structure of the poultry farming 
 
There are no dam chickens of old stock present in Cameroon. All day-old chicks for the broodhen sector are 
imported from Europe (Belgium, the Netherlands, France). Only 5 broodhen entreprises produce hatching eggs 
on an ongoing basis, while many of the small firms produce only very haphazardly and irregularly. In most 
instances, the breeder is also the proprietor of the breeding farm. For some years now, there has been an 
exchange program for hatching-eggs between Cameroon and the Ivory Coast. 
The trading of the end products is still very typical for the country; 80 % of the table chickens are bought live at 
local city markets. Eggs are being sold per lots of 30. 
Table chickens are kept 100 % on the ground, while for laying-hens the percentage is 70. 



Management of the entreprises rests entirely in the hands of the private sector since government projects, for 
instance PNVA (National Project of Vulganisation of the Agriculture), were run into the ground and oblivion by 
the bureaucracy. 
The most important feed producers such as SPC in Bafoussam have developed their own management systems 
based on the European experience and with the help of technicians, engineers, and veterinarians. 
 
4.3. Problem areas 
 
� The import of poultry meat from Europe is permitted and thus stands in direct competition with the local 

production. Local production costs are high because of taxation and levies, with the result that competition 
against the imports is out of the question. To reduce the cost price, there is a trend amongst breeders to start 
producing their own feed. 
The cost price for a table chicken of 1.8 kg is, theoretically, 1,440 FCFA. This means that the breeder must 
be able to sell at a price of 1,600 FCFA in order to make some profit. 
In the local markets, however, frozen meat is being offered for the price of 950 FCFA per kg. 

 
� Infra-structure. The absence of good roads in Cameroon is to blame for the fact that many potential 

consumers cannot be reached and are thus forced to stay with local village production. These people do not 
have the means to travel to the 3 big city centres for their purchases. 

   In addition, the lack of facilities to keep eggs for consumption contributes to a major crisis in the egg sector. 
The cost price for one egg amounts on the average to 43 FCFA, while the eggs are invariably sold for 40 to 45 
FCFA a piece. 

 
� Raw materials are often scarce and thus expensive; the same goes for the imported concentrates. This 

translates in high production costs for feed producers and breeders with the inevitable result that businesses 
are operating at a loss. 

 
5. EPIDEMIOLOGY OF POULTRY DISEASES IN THE IVORY COAST AND CAMEROON. 

 
5.1. Introduction. 
 
It is notable that, when there is question of contagious diseases on the various continents, the same images rear 
their heads in proportion to the degree of increasing industrialisation in a given sector. Also in Africa, viral 
infections complicated by secondary bacterial contagions take their place in the limelight of diseases. Curative 
and preventive measures are thus of the same nature as with the situation in Europe. 
Medical treatment for animals in Cameroon rests in the hands of some 40 veterinarians who in most cases do no 
more than perform clinical diagnoses and autopsies. 
The National Laboratory for Animal Medicine is located in a region where cattle is reared but no poultry, which 
makes diagnosis of poultry diseases impossible. In the case of serology, recourse is taken to foreign laboratories, 
for instance in Belgium and Germany.  
In the Ivory Coast, the management is better developed and there exists a good veterinarian laboratory in 
Bingerville. 
 
5.2. Principal poultry diseases. 
 
Viral infections. 
1°.  NCD or Pscudo Fowl Pest. 

During the breeding period, the death rate is much reduced through vaccination ( from 50 % to 5 % ). Also 
during the laying period for dams, the broodhens are regularly every 12 weeks given boosters with 
Hitchner BI Stam to prevent re-infections and reduction in egg production. 

2°.  Gumboro. 
  The major problem in the lvory Coast. Vaccination schedules are based on inoculations with live weakened    

vaccines, for instance BUR 706 from Mérial. 
3°.  Leucose. 
4°.  Marek. 

Showed up in Cameroon in 1993-1994. 
Vaccination is done with Rispens Stam. 
There are some elinical break-throughs in areas with high infection rate. 

5°.  IB or Infectious Bronchitis. 
Recently appeared in Cameroon. 



Vaccination with H 120. 
6°.  Variola or smallpox diphtheria. 

Vaccination during breeding at 70 days. 
 
Bacterial Infections. 
1°.  Mycoplasm (for M. Galliseptieum). 
2°.  Salmonelia Pullorum. 

60 % of the breeding farms are infected, meaning there exists a major contagion. Hygiene programs are 
negiected. 

3°.  Pasteureilosis or cholera. 
4°.  Staphylococcus Aurcus. 
5°.  Coli bacillosis. 

Widespread problem in all broods. 
6°.  Pscudomonas. 

Sometimes a problem in breeding farms, with death rates up to 30 
 
Parasite infections. 
1°.  Coccidiosis. 

Spread out over both countries. 
No application of vaccination programs. Both caecal and intestinal coccidiosis. 

2°.  Ascaridiosis. 
Widespread in dam broods. 

3°.  Ectoparasites : mange and lice. 
4°.  Fungus : Aspergillus and Candida.  

Aspergillus Fumigatus and Niger. 
 
5.3. Preventive Measures. 
 
Breeders need to be given incentive to apply preventive measures in the area of "Bioseeurity". Some absolute 
requirements include : - isolation of the breeding sites. 

- separation by ages. 
- cleaning and disinfecting. 
- sanitation un-occupancy : 1 0 to 14 days. 
- carcasses to be removed and bumed. 
- apply vaccination programs. 
- foot baths with disinfectants. 
- keeping out birds and insects. 
 

Many diseases in both countries are promoted by heat stress. 
There must be measures applied to niininüse this heat stress. 
Some of these measures include :    - feeding in the evenings. 
 - sufficient number of feed and water receptacies. 
 - underground waterlines. 

- mechanical ventilation. 
 - high energy feed with high nutritional density. 
 
In Cameroon, the total field of prevention is managed by technicians from the private poultry feed sector. 
In the lvory Coast, however, the govemrnent co-operates in concrete planning for prevention and for the 
provision of counselling services. Sanitation controls are instituted at the borders, hygiene in the markets and in 
the distribution of tbc mcat is being improved. lt is required that counter-measures be set out in order to isolate 
and eliniinate infected groups and that the knowledge regarding the use of medication be expanded in the areas 
of safe-keeping, distribution, and usage. 
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