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Summary 

Eighty-four Murciano–Granadina dairy goats slaughtered in the 

Region of Murcia (south-east Spain), were necropsied to evaluate 

parasitic infections. The majority of the animals (94.0%) were 

parasitised and multiple infections were present. Twenty-one parasite 

species were found, including eighteen nematode species (Muellerius 

capillaris, Dictyocaulus filaria, Neostrongylus linearis, Cystocaulus 

ocreatus, Teladorsagia circumcincta, T. occidentalis, T. trifurcata, 
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Marshallagia marshalli, Camelostrongylus mentulatus, 

Trichostrongylus capricola, Nematodirus abnormalis, N. filicollis, 

N. spathiger, T. vitrinus, T. colubriformis, Trichuris spp., Chabertia 

ovina and Skrjabinema ovis); one trematode species (Dicrocoelium 

dendriticum); one arthropod species (Oestrus ovis); and one protozoa 

genus (Eimeria spp.). Additionally, 17.85% of the animals were 

Mycobacterium spp. positive. Therefore, comparison between parasite 

prevalence, intensity and abundance in tuberculosis positive and 

negative animals was performed. Statistically significant differences 

between the prevalence of lungworms and gastrointestinal nematodes 

in Mycobacterium spp. infected and free goats were found. The paper 

discusses this co-infection between Mycobacteriaceae and 

endoparasites. 
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Introduction 

Caprine tuberculosis (cTB) is caused by Mycobacterium bovis and M. 

caprae (1, 2). A wide range of species are susceptible to tuberculosis 

(TB) and some are spillover hosts for which infection is not self-

maintaining (3). Tuberculosis is a chronic disease in which post-

mortem examination frequently reveals yellowish-white caseous or 

caseocalcareous lesions of different sizes, often encapsulated, and 

frequently located in the lungs and in the mediastinal or mesenteric 

lymph nodes (2, 4). Furthermore, TB remains an important zoonotic 

disease with implications for public health, as well as being the cause 

of an economic impact on the caprine industry due to decreased goat 

production, increased mortality rates and costs of diagnosis (3). TB is 

found in goats worldwide (4, 5, 6), and Spain, which rears 

approximately 2.6 million head of goats (7), is not considered 

officially tuberculosis -free (OTF) (8). Consequently, there is a risk of 

cTB spreading between small ruminants and other domestic animals, 

particularly when they share pastures. In order to control this zoonotic 

bacterial disease, many Spanish regions follow cTB through control 
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programmes using the intradermal tuberculin test (IDT), the same 

diagnostic assay which is used for cattle (3). In fact, according to 

European Union Regulation (EC) 853/2004 (9), the surveillance of TB 

in goats in non-OTF countries is highly important, as goats are still 

used for raw milk production. In the case of mixed cattle–goat herds, 

it must be tested for the presence of TB due to its zoonotic potential 

(6). The Murciano–Granadina goat breed is one of the most important 

dairy goat varieties in the Murcia Region and its milk is primarily 

used for cheese production. Moreover, the Region contains 14.0% of 

Spain’s national goat population (391,000 heads) (7), which cohabit in 

traditional systems of meat and meat–milk production with intensive 

milk production systems (10). Despite the recent increase in 

permanent confined production system herds in southern Spain (10), 

the goat-grazing system is also used in Murcia as an alternative way of 

reducing production costs and preserving the environment. However, 

grazing is associated with a higher risk of parasitic infections, such as 

gastrointestinal helminths, that usually result in lower productivity due 

to stunted growth, poor weight gain and low feed conversion (11). 

Most economic losses are therefore associated with gastrointestinal 

parasitic infections, although lungworms can also have a serious 

impact on small ruminant productivity in many temperate areas (11, 

12). Therefore, the existence of co-infected animals with 

Mycobacterium spp. and endoparasites might result in severe 

economic losses in affected goat herds. 

There is a growing interest in the scientific community in co-

infections, not only because most of the hosts in question are usually 

infected with multiple invasive pathogen species, but also because 

immunological host mechanisms are derived from macroparasite–

bacterial interactions that have previously been documented (13). As 

such, the mammalian adaptive immune response mobilises distinct 

pathways to control intracellular pathogens (e.g. viruses and most 

bacteria) versus extracellular macroparasites (e.g. helminths). Thus, 

the immune response to intracellular parasites involves T helper 1 

(Th1) cells, while immune defences against extracellular parasites are 

primarily mediated by T helper 2 (Th2) cells. These two T-cell-

dependent pathways are cross-regulated by the cytokines and 
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chemokines produced by each T helper cell type – those produced by 

Th1 cells suppressing Th2 cell immune functions and vice versa (14, 

15, 16, 17). Therefore, laboratory-based studies have shown that it 

may be difficult for a host to mount effective Th1 and Th2 immune 

responses simultaneously (17).  

The aim of this study was to evaluate the prevalence, intensity and 

abundance of infection of different endoparasites in natural infected 

goats from the Murcia Region. Very little information on parasites and 

Mycobacterium spp. co-infection in goats in Mediterranean countries, 

including Spain, is yet available. Identifying co-infected animals and 

focusing disease control efforts on co-infected herds with cTB and 

parasites may help to improve goat husbandry systems in Spain and to 

decrease the spread of diseases. 

Materials and methods 

Animals and area of study 

The geographical area studied has a hot subtropical semi-arid climate 

with Mediterranean influences. It has mild winters and hot summers 

with an average annual precipitation of less than 300 mm and an 

average annual temperature of 18°C (18). The Murcia Region contains 

six livestock regions: Altiplano, Valle de Guadalentin, Campo de 

Cartagena, Río Mula, Northeast and Vega del Segura. Sampled goat 

herds were selected from these different regions according to their 

participation in the whole goat production process in the Region. The 

examined animals had not been treated with any anthelmintic drugs at 

least ten weeks prior to examination. Furthermore, 15 of the 84 goats 

were diagnosed as being infected with cTB based on the single 

intradermal comparative cervical tuberculin test (SICCT) and this was 

confirmed at the local slaughterhouse, where active pulmonary cTB 

was found. 

Carcases from a total of 84 Murciano–Granadina goats were recovered 

from one of the region’s slaughterhouses located in Cartagena. All 

animals were: less than four years of age; female; and raised in a 

semi-intensive rearing system. Each carcase was carefully identified 
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and stored in plastic bags, submitted to the Laboratory of Parasitology 

and Parasitic Diseases of the University of Murcia, and frozen at –

20°C for further analysis. 

Laboratory procedures 

The faeces, heads and viscera of all goats were examined and 

processed in order to collect and identify parasites. Faeces (20 g) 

recovered from the rectum were firstly analysed using a qualitative 

concentration flotation technique with Sheather’s solution as the 

flotation fluid (ƥ=1.27) to detect helminth eggs and 

protozoan/coccidian oocysts and/or cysts. Positive samples were 

quantitatively analysed and eggs per gram (EPG) and oocysts per 

gram (OPG) of faeces were calculated using the McMaster technique. 

In addition, the concentration by sedimentation technique was 

performed to identify trematode eggs. Lastly, in order to identify 

lungworm larval stages, 5 g of faeces were processed using the 

Baermann’s method for active larval migration. All coprological 

analyses were performed according to the United Kingdom Ministry 

of Agriculture, Fisheries and Food’s Manual of Veterinary 

Parasitological Laboratory Techniques (19). 

Heads were evaluated following removal through a midsagittal cut. 

Frontal and horn sinuses were examined for dipterous larvae, as were 

the mouth and palatal regions. Collected larvae (maggots) were placed 

in a tube with 70.0% ethanol and stored until further morphological 

identification could take place. 

The gastrointestinal tract was removed and processed separately 

(abomasum, and small and large intestines). After a longitudinal cut, 

mucosae were scraped and carefully examined for large-sized 

parasites. The content of the digestive tract was washed and sieved 

through a series of mesh screens (final mesh pore size: 0.3 mm). 

Nematodes were separated by taxa and stored in 70.0% ethanol for 

identification were fixed and cleared with lactophenol. 

The liver was also examined for hepatic parasitism. Specifically, bile 

ducts were cut open, and parenchyma was longitudinally sliced and 
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examined for the presence of flukes. Additionally, gall bladders were 

removed, cut open and their content examined under a 

stereomicroscope. Each fluke found was recovered, fixed in 10.0% 

ethanol and, subsequently, stained with Semichon’s carmine for 

further morphological identification. 

Finally, the lungs were carefully examined for lesions compatible with 

bronchopulmonary lungworms. Trachea and bronchi were examined, 

and all nematodes collected were fixed with lactophenol for further 

identification. 

Epidemiological parameters 

Prevalence, intensity and abundance of infection for each parasitic 

species were defined according to Margolis et al. (20) and Bush et al. 

(21). Briefly, prevalence is defined as the number of hosts infected 

with a particular parasitic species (or taxonomic group) within the 

number of hosts examined, expressed as a percentage; intensity is 

defined as the number of individuals of a particular parasitic species in 

a single infected host, expressed as the number of specimens per 

infected animal (spia); and abundance is defined as the number of 

individuals of a particular parasitic species per host examined. In 

addition, the sensitivity (proportion of true positives divided by the 

sum of true positives and false negatives) of the different coprological 

techniques was calculated against the necropsy findings, which were 

treated as the gold standard. Statistical analysis was performed using 

Microsoft® Excel 2010 and Graphpad (22). A Mann–Whitney test was 

used to compare the values between the groups. Differences were 

considered statistically significant at the level of p<0.05. 

Results 

From the 84 studied animals, 84 heads, 44 respiratory tracts, 84 livers 

and 83 gastrointestinal tracts were analysed. The majority of the 

animals (94.0%, n=79) harboured parasites in, at least, one location. 

All cTB positive goats (n=15) and 92.8% (n=64) of cTB negative 

goats were parasitised. In addition, the comparison of the intensity of 
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infection in cTB infected and non-infected animals was calculated and 

showed a negative correlation (ρ= –0.193) (Fig. 1). 

Coprological analyses showed a high overall prevalence of parasite 

excretion of 86.9% (n=73). Oocysts of protozoan infections, Eimeria 

spp., were identified in the majority of the samples (84.5%; n=71), 

while undifferentiated strongyle-type eggs were found in 31.0% 

(n=27) of samples: 7.1% (n=6) contained Trichuris spp. eggs, 5.9% 

(n=5) contained Dicrocoelium dendriticum eggs, and 2.4% (n=2) 

contained Nematodirus spp. eggs. Finally, three lungworm larval 

species were also found using the modified Baermann method: 

Muellerius capillaris (9.5%; n=8), Dictyocaulus filaria (4.7%; n=4) 

and Cystocaulus ocreatus (1.2%; n=1) (Table I). 

In the coprological examination, significant differences between the 

prevalence of all gastrointestinal nematode eggs and Eimeria spp. 

infections were found between cTB positive and cTB negative 

animals. However, no significant differences were obtained between 

cTB positive and cTB negative animals for the excretion of D. 

dendriticum eggs and lungworm larvae (Table I). Moreover, no 

statistical differences were observed when the variable ‘geographical 

region’ was evaluated for coprological findings. 

Necropsy showed that few animals (n=8) presented Oestrus ovis 

infestation, with an overall mean prevalence of 9.5%. This value was 

similar in cTB negative goats (10.1%; n=7) and in cTB positive ones 

(6.7%; n=1), and no significant differences were found between these 

two groups (Table II). 

The mean prevalence of hepatic infections with D. dendriticum was 

20.2% (n=17), and both cTB negative (18.8%; n=13) and cTB positive 

(26.7%; n=5) dairy goats showed similar prevalence values. However, 

contrarily, neither Fasciola hepatica eggs nor adult flukes were 

recovered during the study (Table II). 

Only 23.8% (n=20) of the analysed goats were free of nematodes in 

all gastrointestinal sections. Almost half of the examined abomasums 

(45.0%; n=40) and small intestines (48.0%; n=39) were parasitised, 
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while only a third of the large intestines (37.0%; n=31) harboured 

nematodes. The total number of nematodes recovered in this study 

from the gastrointestinal tract was 18,963 specimens, 40.8% males 

(n=7,741) and 59.2% females (n=11,222) (sex ratio=1.45). Eighteen 

species of nematodes were collected from these sections, and 64.4% 

of the parasitised animals showed multiple infections, hosting 3 to 11 

nematode species. All of the helminth species that were identified are 

referred in Table II. Teladorsagia circumcincta was the most 

prevalent gastrointestinal species (63.1%; n=53), followed by 

Trichostrongylus vitrinus (23.8%; n=20), T. trifurcata (15.5%; n=13) 

and T. colubriformis (15.5%; n=13). Intensity ranged from 1– 1,300 

spia for T. circumcincta, to 1–60 spia for T. vitrinus, 3–150 spia for 

T. trifurcata and 1–80 spia for T. colubriformis. 

When prevalence and abundance of gastrointestinal nematodes 

(Figs 2 and 3) between cTB positive and cTB negative goats were 

compared, significantly higher values for both variables (p<0.05) were 

observed for cTB positive animals. Moreover, Camelostrongylus 

mentulatus, T. capricola and Chabertia ovina were present 

exclusively in cTB positive animals. The intensity found for those 

nematodes was 3 spia for C. mentulatus, 1–60 spia for T. capricola 

and 2-20 spia for C. ovina, respectively (see Table II). 

Finally, during lung necropsy, three different lungworm species were 

isolated: D. filaria, M. capillaris and Neostrongylus linearis, each 

showing the same overall prevalence (2.4%, n=2). Intensity ranged 

from 4–9 spia for N. linearis, to 10–25 spia for M. capillaris, and 3–

26 spia for D. filaria. All three lungworms were always found in cTB 

positive animals (Table II). Statistical analysis showed significantly 

higher differences for lungworm prevalence in cTB positive animals 

(p<0.05). 

Moreover, when all parasites in post-mortem findings were compared 

applying the ‘region of origin’ variable no significant differences were 

found. 

The sensitivity of coprological results compared with post-mortem 

findings was also calculated. The flotation concentration procedure 
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showed 92.0% sensitivity; specifically, 90.0% for strongyle eggs, 

75.0% for Trichuris spp. eggs and 95.1% for Nematodirus spp. eggs. 

Furthermore, the sedimentation technique for the concentration of 

D. dendriticum eggs in faeces showed 66.7% sensitivity. Additionally, 

the sensitivity of the Baermann technique was 100.0% for 

M. capilaria, 75.0% for D. filaria and 50.0% for N. linearis. 

Discussion 

Gaining a better understanding of the development of naturally 

occurring parasitism in goats and its interaction, if any, with bacterial 

pathogens, such as Mycobacterium spp., is increasingly important 

when aiming to define patterns of disease spread. The absence of 

previous data on goat parasitic diseases and simultaneous cTB 

infection in Mediterranean countries increases the importance of this 

study even more. 

Our results suggest that the parasite fauna of the goats from the 

Murcia Region are similar to those described previously in the Iberian 

Peninsula for other closely related ruminant species (23, 24, 25, 26, 

27). 

In this study, the prevalence of Eimeria spp. infections (84.5%) was 

similar to that previously recorded in goats worldwide (28, 29) and in 

adult sheep herds from the Murcia Region (30). 

Furthermore, in the studied area the climatic conditions for dipteran 

life cycle completion are optimal. However, the authors’ results 

showed a low prevalence of the dipteran parasite (9.5%) (Table II), 

which is in contrast with the rather high prevalence of O. ovis 

previously reported in caprine flocks in the south of France (43.4%) 

(31) and Greece (17.9%) (32). Moreover, higher O. ovis prevalence 

was also reported in Murcia’s ovine livestock (38.1%) (25) and in the 

ovine population reared in other Mediterranean regions such as 

Sardinia (91.0%) (33), Turkey (40.3%) (34) and Sicily (55.8%) (35). 

It is worth noting that these previous data were mostly recovered from 

sheep flocks, where prevalence is usually higher than in goat herds 

(31, 32, 36). 
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The prevalence of D. dendriticum infection (20.2%) (Table II) was 

similar to previous studies on ovine flocks in Murcia (26) as well as 

cattle herds in Spain (23, 37). Dicrocoelium dendriticum is known to 

be associated with a rather dry and hot climate, showing a higher 

prevalence in arid rather than humid regions, with such dry conditions 

being more favourable for the intermediate hosts’ development (38, 

39, 40). Therefore, the absence of F. hepatica from this study is 

remarkable since it uses the amphibian snail as its intermediate host, 

and thus these conditions are also favourable for the fluke’s survival. 

All gastrointestinal nematode species described in this study have 

been previously reported in goats from Spain (41, 42). In these 

previous studies, Teladorsagia circumcincta (63.1%) was the most 

prevalent nematode parasitising the goat abomasum, followed by 

T. trifurcata (15.5%) and M. marshalli (5.9%), while other species 

were less prevalent, as reported both in other European studies on 

goats (43, 44) and in studies carried out on caprine herds in southern 

Spain (42). As observed in the abomasum, nematode prevalence 

appeared quite grouped in the small intestine; T. vitrinus (23.8%) was 

the most common nematode, followed by T. colubriformis (15.5%), N. 

abnormalis (15.5%) and T. capricola (7.1%). Finally, Trichuris spp. 

(11.9%) and S. ovis (10.7%) showed similar prevalences in the large 

intestine as documented for other small ruminants elsewhere (27). 

Regarding respiratory nematode infections, three lungworm species 

were identified during necropsy: D. filaria, M. capillaris and 

N. linearis. All of them had previously been reported in wild 

ruminants in the Iberian Peninsula (45). In the current study, these 

species’ prevalences were lower than those reported previously in 

caprine flocks (46, 47, 48); this may be due to the dryness of the study 

area since infection is more probable in areas with moist soils (49). 

Using the Baermann method, D. filaria, M. capillaris and C. ocreatus 

larvae were also here found, confirming the contamination of goat 

pastures. 

Additionally, both necropsy and faecal flotation examination were 

performed on all dairy goats, and the sensitivity of coprological 
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analysis was calculated based on the positive findings, showing a 

discrepancy between coprological and post-mortem section results. 

Consequently, the authors’ results confirm that the coprological 

technique could underestimate the real prevalence and intensity of 

parasitic infections. Evidence for the lower sensitivity of coprology in 

estimating the real prevalence of gastrointestinal parasitism in cross-

sectional studies has been previously documented (50, 51). For 

instance, during pre-patent or post-patent periods, it is extremely 

difficult to identify nematode infections by coprological methods and, 

when possible, a larger sample size, more precise diagnostic tools 

(52), and repeated sampling of the same individuals (53) should be 

used. 

Unfortunately, very little is known regarding the co-infection of cTB 

and parasites in goats, but interactions between parasites and other 

bacterial pathogens have been reported to occur in other ruminants 

species (15), including an association between TB positive animals 

and helminth infections (54, 55, 56). In this regard, goats appear to 

show a nematode-induced immune suppression that seems to 

compromise host immune resistance against TB (56), facilitating the 

host invasion of Mycobacterium spp. as previously postulated (57). To 

prove this, more detailed studies would be necessary that focus on the 

cellular immune mechanisms of co-infection between parasites and 

cTB positive goats in Spain and other Mediterranean countries, as 

well as on the role of co-infected animals in the dispersion of these 

pathogens. However, the authors’ results show that the association 

between parasites and TB in goats could play an important 

epidemiological role, and the design of control measures for lowering 

the number of infections through these grazing-transmitted parasites, 

may diminish the probability of being infected by other bacterial 

infections such as cTB. 

Conclusions 

To conclude, the results of the current study reveal the following 

associations between cTB positive and cTB negative animals:  
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– determined parasites are only present in cTB positive animals (i.e. 

M. capillaris, D. filaria, N. linearis, C. mentulatus, T. capricola and 

C. ovina);  

– higher prevalences exist for co-infected cTB goats with certain 

nematode species (i.e. M. marshalli, T. circumcincta, T. trifurcate, C. 

mentulatus, T. colubriformis, T. capricola, T. vitrinus, N. filicollis, 

Trichuris spp., T. spathiger, N. abnormalis and S. ovis); 

– a higher occurrence of infection (M. marshalli, T. circumcincta and 

T. vitrinus) exists in cTB positive animals. In contrast, the authors’ 

findings for trematode (D. dendriticum), arthropod (O. ovis) and 

protozoan (Eimeria spp.) infections showed no statistical associations 

between co-infection of cTB and these parasites.  

Further investigation and more detailed information on the spectrum 

of pro-inflammatory and immunoregulatory cytokines/chemokines of 

caprine T cells in co-infected animals are needed in order to confirm 

the results of the current study. 
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Table I 

Faecal findings and comparison between results in caprine tuberculosis negative and positive goats 

EPG/OPG Prev. (%) Intensity range Median 
Cl Prev. (%) 

cTB positive 
Intensity range Median 

Cl Prev. (%) cTB 
negative 

Intensity range Median
95– 95 + 95– 95 + 

Eimeria spp. 84.5 20–98,000 1,730 3,985 10,017 100 20–10,560 1,080 589.5 4349 81.2 20–98,000 1,880 

Strongyle eggs 31.0 20–12,400 0 –19.6 658.1 80 20–220 60 37.3 125.3 20.3 20–12,400 0 

Nematodirus spp. 
eggs 2.4 20–400 0 -4.6 14.8 6.7 20 0 –1.5 4.2 1.4 400 0 

Trichuris spp. 
eggs 

7.1 20–60 0 0.2 4.1 26.7 20 0 0.3 10.4 2.9 40–60 0 

Dicrocoelium 
dendriticum eggs 

5.9 20–40 0 0.1 2.8 13.3 20–40 0 –0.1 1.9 4.3 20 0 

Cystocaulus 
ocreatus larvae 

1.2 11–68 –0.3 3.8 0 0 0 0.0 0.0 5.8 11–68 0.0 –0.3 

Muellerius 
capillaris 
larvae 

9.5 2–57 –0.2 3.1 6.7 2 0 –0.2 0.4 5.8 8–57 0.0 –0.2 

Dictyocaulus filaria 
larvae 

4.7 4 –0.1 0.1 6.7 4 0 –0.3 0.8 0.00 0 0.0 0.0 

CI: confidence interval 

cTB: caprine tuberculosis 

EPG: eggs per gram 

OPG: oocysts per gram 

Prev.: prevalence 
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Table II 

Post-mortem species found and comparison between caprine tuberculosis positive and negative animals 

Parasite species Prev. (%) Intensity range 
Media

n 

Cl Prev. (%)  
positive 

cTB goats 

Intensity 
range 

Media
n 

Cl Prev. (%)  
 negative 
cTB goats 

Intensity 
range 

Median 
95– 95 + 95– 95 + 

Oestrus ovis 9.5 - - - - 6.7 - - - - 10.1  - - 

Dicrocoelium 
dendriticum 

20.2 - - - - 26.7 - - - - 18.8 - - 

Muellerius capillaris 2.4 10–25 0 –0.22 1.5 13.3 10–25 0 –1.5 6.5 0 0 0 

Dictyocaulus filaria 2.4 3–26 0 –0.27 0.96 13.3 3–26 0 –1.9 6.1 0 0 0 

Neostrongylus linearis 2.4 4–9 0 –0.08 0.39 13.3 4–9 0 –0.5 2.4 0 0 0 

Teladorsagia 
circumcincta 

63.1 1–1,300 0 27.8 113 87.0 3–173 50 22.3 122.
3 

28.9 1–1,300 0 

Teladorsagia trifurcata 15.5 3–150 0 0.3 8.2 26.7 3–7 0 –0.1 3.4 13.0 3–150 0 

Marshallagia marshalli 5.9 3–170 0 –1.6 6.4 20.0 3–14 0 –0.6 2.6 2.9 7–170 0 

Ostertagia occidentalis 1.2 30 0 –0.4 1.1 0 0 0 0 0 1.4 30 0 

Camelostrongylus 
mentulatus 

1,2 3 0 –0.03 0.1 6.7 3 0 –0.4 1.1 0 0 0 

Trichostrongylus 
capricola 

7.1 1–60 0 0.2 4.9 40.0 1–60 13 –2.6 26.1 0 0 0 

Nematodirus spathiger 9.5 3–20 0 0.2 1.7 13.3 3–20 3 –2.2 6.8 8.7 3–13 0 

Nematodirus filicollis 9.5 1–20 0 0.1 1.0 26.7 1–20 0 –1.8 7.1 5.8 3–7 0 

Trichostrongylus 
vitrinus 

23.8 1–60 0 1.8 1.5 66.7 1–60 13 –2.8 50.5 14.5 10–203 0 
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Trichostrongylus 
colubriformis 

15.5 1–80 0.0 0.2 4.9 53.3 1–80 3 –3.2 34.3 7.2 3–37 0 

Nematodirus 
abnormalis 

15.5 3–120 0.0 –1.1 4.7 6.7 3 0 –0.4 1.1 11.2 3–120 0 

Trichuris spp. 11.9 1–120 0.0 0.8 2.6 33.3 1–120 0 –1.4 5.0 7.2 0 1–30 

Chabertia ovina 1.2 2–20 0.0 –0.2 0.7 6.7 9–590 0 –1.5 4.2 0 0 0 

Skrjabinema ovis 10.7 9–590 0.0 1.7 35.0 26.6 15–150 0 –23.6 152.
3 

7.2 0 15–203 

CI: confidence interval 

cTB: caprine tuberculosis 

Prev.: prevalence 
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cTB: caprine tuberculosis 

 

Fig. 1 

Comparision of the intensity of infection for caprine tuberculosis positive and negative 

animals where ‘number of infections’ refers to the number of different parasites 

infecting the host (p < 0.05) 
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*p < 0.05 

** p < 0.01 

*** p < 0.001 

Fig. 2 

Comparison between prevalence of gastrointestinal nematodes species in caprine 

tuberculosis positive and negative animals 
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*p < 0.05 

** p < 0.01 

*** p < 0.001 

Fig. 3 

Comparison of abundance of gastrointestinal nematodes between caprine tuberculosis 

positive and negative animals 


