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Abstract 19 

Lungworms can exert a negative impact on wild ruminant fitness, for this reason, 20 

the diagnosis of the associated diseases is an important prevention measure. 21 

The Baerman-Wetzel technique is the most usual method for the diagnosis of 22 

bronchopulmonary nematodes and is based on the active migration and 23 

movement of their first-stage larvae (L1). Pulmonary tissue samples are 24 

frequently used for the diagnosis of these parasites, but this kind of sample is not 25 

always available and easy to obtain. Faecal samples represent a more accessible 26 

choice for parasite monitoring. This work aimed to evaluate the agreement 27 

between the results obtained by the Baermann–Wetzel technique when samples 28 

of lung parenchyma or faeces from wild ruminants are used. A good level of 29 

agreement as well as a similar sensitivity between the two types of sample were 30 

observed, validating the use of faecal samples as a less invasive and cost-31 

effective alternative for the monitoring of lungworm in wild ruminant populations.  32 
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1. Introduction 37 

Bronchopulmonary verminosis in wild ruminants is caused by nematodes that 38 

inhabit bronchi, bronchioles and pulmonary alveoli. After ingestion, the third-39 

stage larvae (L3) migrate from the digestive tract to the lungs, where they molt to 40 

the fourth stage (L4) in the bronchi and bronchioles and develop into adults 41 

(Panuska, 2006). Embryonated eggs are coughed up, swallowed, and first-stage 42 

larvae (L1) develop in the small intestine and are released to the environment via 43 

faeces (Levine, 1985). It is well known that bronchopulmonary nematodes in wild, 44 

farmed, and domestic ruminants are causal agents of respiratory disease with 45 

potentially serious consequences for the health of the host (Carreno and Hoberg, 46 

1999).  47 

Lungworms are common parasites in wild ruminants (Marreros et al., 2012; 48 

Panadero et al., 2001). Some Protostrongylus and Elaphostrongylus spp  have 49 

been mentioned among the most important causes of disease in wild ruminants 50 

(Alasaad et al., 2009; Vicente et al., 2005). Although most infections are 51 

subclinical, the co-infection with other microparasites or stress conditions can 52 

lead to the development of respiratory disorders such as pneumonia (Jenkins, 53 

2001) and other diseases (Mansfield et al., 1993). Lungworms can thus exert a 54 

negative impact on the individual health and population fitness of wild ruminants,  55 

inducing loss of weight, diminished offspring, abortions, neonatal deaths, and 56 

increased mortality (Berrag and Urquhart, 1996; Gunn and Irvine, 2003; Lavín et 57 

al., 1997).  58 

The Baermann–Wetzel technique, based on the migration and movement of L1, 59 

is the most widely used diagnostic tool for bronchopulmonary nematodes 60 

(Eysker, 1997; Rode and Jørgensen, 1989). There are discrepancies in the 61 



diagnostic performance of the Baermann–Wetzel technique using different 62 

sample types (lung parenchyma vs faecal), with a higher sensitivity for the 63 

pulmonary ones (Díez-Baños and Hidalgo-Argüello, 2006). However, faecal 64 

samples offer several advantages with respect to the pulmonary tissue: i) they 65 

are easily obtainable in a non-invasive and cost effective manner; ii) no animals 66 

are removed, so their obtention does not impact small or otherwise vulnerable 67 

populations; iii) it enables to repeatedly sample and monitor populations with 68 

marked or confined individuals in fenced areas, which makes it possible to follow 69 

the evolution of the infection or to study the phenology of these parasites, 70 

improving the knowledge of the temporal and spatial dynamics of the lungworm 71 

at population level (Cassini et al., 2015; Kafle et al., 2015). While fecal samples 72 

are routinely used for diagnosing livestock, the diagnosis of wild ruminants relies 73 

on the lung parenchyma of hunted or already dead individuals (Panadero et al., 74 

2001; Viña et al., 2013). 75 

Proper sampling and  determination of wildlife endoparasitic helminths can be an 76 

outright challenge, although in the case of bronchopulmonary nematodes it is 77 

feasible through the use of faecal samples (Kafle et al., 2015). Fecal samples 78 

collected in the field have the potential to answer many ecological questions that 79 

may otherwise remain out of reach (Putman, 1984). Lungworms also present the 80 

advantage of being thermostable for cryopreservation as well as drought-tolerant 81 

in faeces (Andermatt-Mettler et al., 1987; Rose, 1957), easing the field-work  and 82 

allowing for long-term sample conservation, which can be key to carry out 83 

comparative or retrospective studies. The evaluation of samples that bring 84 

together the greatest possible number of advantages to detect and identify 85 

bronchopulmonary nematodes at population and individual levels in wild 86 



ruminants is  key  to correct management, especially for endangered host species 87 

and in wild-domestic interface areas, where there is a potential for parasite 88 

spillover (Bienioschek et al., 1996; Kelly et al., 2009; Panuska, 2006; Sleeman et 89 

al., 2019). For this reason, this study aimed to evaluate the agreement between 90 

the results obtained from lungworm monitoring in faeces and lung tissue from 91 

wild ruminants using the Baermann-Wetzel technique by comparing (1) the total 92 

number of larvae recovered from each type of sample, (2) the sensitivity of the 93 

technique according to the type of sample used and (3) the agreement between 94 

both sample sources to address a possible interchangeability in their use.  95 

2. Material and methods 96 

2.1.  Type of samples, collection and storage 97 

A total of 500 samples (n = 250 pulmonary samples; n = 250 faecal samples) was 98 

obtained from four different host species of free-ranging wild ruminants hunted at 99 

the Sierras de Cazorla, Segura y Las Villas Natural Park (SCSV), Jaen, Andalusia 100 

(SE Spain): mouflon (Ovis aries musimon), red deer (Cervus elaphus), fallow 101 

deer (Dama dama) and Iberian ibex (Capra pyrenaica). The respiratory tract, 102 

including lungs and trachea, and rectal faecal samples were recovered from each 103 

animal during the field necropsy. Faecal and pulmonary samples were kept in 104 

pairs but in separate storage bags for one-to-one comparison and stored at -20ºC 105 

until diagnostic analyses were performed.  106 

2.2.  Identification of parasites 107 

The Baermann–Wetzel method was used to extract bronchopulmonary L1 as 108 

described by Forrester and Lankester (1997). To process the respiratory system 109 

of each animal, after opening the tracheobronchial tree, 25 g of trachea, bronchi, 110 



and bronchioles were cut in pieces of 0.5 cm; subsequently, 0.5 cm diameter 111 

pieces were taken from different parts of the parenchyma of both lungs, evenly 112 

distributed, until a total of 25 g was collected. Each of these pooled samples was 113 

immersed into a separate beaker filled with tap water. Likewise, 25 g of faeces 114 

were processed as mentioned above. The samples were kept for 12 hours in the 115 

Baermann apparatus, after which 10 ml of the fluid from the bottom of the 116 

migration system were collected, centrifuged for 5 minutes (800 g), and the 117 

sediment was saved. Larvae were counted under the microscope with a Favatti 118 

chamber and then deposited on slides with the addition of a drop of lugol solution 119 

to fix the L1; this semi-permanent preparation allowed the morphological 120 

identification of the larvae  to genus  according to Pyziel, 2014 and van Wyk et 121 

al., 2004. Up to 100 individual larvae per sample were determined. In the case of 122 

samples with a lower number of lungworms, all specimens were identified. 123 

Results were expressed as the number of L1 per gram of examined sample 124 

(LPG).  125 

2.3. Statistical analysis 126 

 The relative performance of the Baermann–Wetzel technique applied to two 127 

different sample categories was assessed with several statistical indicators. 128 

First, the sensitivity of the two approaches was calculated as the true positive 129 

rate of positive samples (capacity of the test to correctly classify animals with 130 

lungworm infection). Specificity was assumed to be 100% for both diagnostic 131 

approaches, as the method allows a perfect identification of the parasites. In 132 

other words, the percentage of false positive results is equal to zero.   133 



Afterwards, to determine the agreement between LPG results obtained from lung 134 

tissues and faeces, a comparison of the average differences of LPG was 135 

performed using the Bland-Altman test (Bland and Altman, 1986). The method 136 

considers the two sample types to be in agreement if their results fall within the 137 

so-called Limit of Agreement (LoA) interval. This interval was calculated using 138 

the mean difference ± 1.96 SD of the LPG obtained using both samples. LoA was 139 

calculated for all the larvae together and then split by parasite genus.  140 

Finally, correlation analysis was implemented as a third indicator of agreement 141 

between samples. High correlation values between the results obtained on 142 

pulmonary tissue and faecal samples was considered an indicator of a good 143 

match between the two sampling approaches.  144 

All  analyses were carried out using RStudio software version 1.2.5033.  145 

3. Results 146 

3.1. Overall bronchopulmonary larval frequency and intensity  147 

From the overall analyzed samples, 39.3% (n = 98) were positive when using 148 

pulmonary tissue and 38.0% (n = 95) by faeces. Nonetheless, 45.2% (n = 113) 149 

of the analyzed animals turned out positive with at least one method. These 150 

numbers suggest a similar sensitivity for both methods (86.7% for pulmonary 151 

tissue and 84.1% for faeces). On average, the parasite load was 61.4 + 306.1 152 

LPG, with different values according to the sample used: 47.3 + 256.8 LPG on 153 

pulmonary tissue, and 14.3 + 66.2 on faeces. The LPG values obtained on the 154 

two type of sample are represented in Figure 1–A. 155 

3.2. Evaluation of the agreement for total LPG 156 



The Bland-Altman test was used to evaluate the agreement between both 157 

samples using the Baermann–Wetzel technique. As represented in Figure 1-B, 158 

samples ranging from of 0 to 500 mean ± 1.96 SD LPG do not exceed the LoA, 159 

showing that the two samples are in agreement and may be used 160 

interchangeably. Nonetheless, for samples exceeding 500 LPG (n = 3), the two 161 

methods were not in agreement, and the real LPG value was under or 162 

overestimated. Interestingly, samples for which there is a lack of agreement are 163 

the ones with very high parasite intensity (above 500 LPG). Finally, the overall 164 

correlation between the values obtained using both sample types was quite high 165 

and significant (R= 0.54; p <0.001 - Figure 1-C). 166 

3.3. Evaluation of the agreement for each genera LPG  167 

From the positive samples (n = 113), seven different bronchopulmonary 168 

nematode genera were identified: Muellerius spp. (61/113; 53.9 %), Cystocaulus 169 

spp. (54/113; 46.9 %), Neostrongylus spp. (39/113; 34.5 %), Elaphostrongylus 170 

cervi (34/113; 30.0 %), Protostrongylus spp. (22/113; 19.4 %), Varestrongylus 171 

spp (14/113; 12.3 %) and Dyctiocaulus spp. (11/113; 9.7%). As presented in 172 

Figure 2, we performed the Bland-Altman agreement test for the one-to-one 173 

comparison of each parasite genus following the same principle described above.   174 

Considering the LPG values obtained in each of the four nematode genera 175 

globally (Dyctiocaulus spp., Protostrongylus spp., Neostrongylus spp. and 176 

Muellerius spp.) and in E. cervi, only one sample exceeded the LoA LPG. This 177 

could be considered as an outlier present in this study (Fig. 2 A-E). The Blant-178 

Altman test showed a perfect agreement for Dyctiocaulus spp., E. cervi and 179 

Protostrongylus spp. in the range from 0 to 40 LPG (LoA not exceeded) (Fig. 2 180 

A-C). Neostrongylus spp. and Muellerius spp. showed agreement up to 200 LPG 181 



(Fig. 2 D-E). Finally, all LPG values from both sample types positive to 182 

Varestrongylus spp. and Cystocaulus spp. did not exceed the LoA (Fig. 2 F-G). 183 

In general, for most of the genera there was a significant correlation between the 184 

LPG values detected with the two types of sample, with an R value ranging 185 

between 0.32 (Protostrongylus spp.) and 0.96 (Dyctiocaulus spp.) (Fig.3 A, C – 186 

F and G) . No significant correlation was detected for E. cervi and Varestrongylus 187 

spp. (Fig. 3 B and F).  188 

4. Discussion 189 

This study presents the evaluation and performance comparison of the 190 

Baermann–Wetzel technique applied to two types of sample (pulmonary tissue 191 

and faeces). Bronchopulmonary nematodes have been widely  reported in wild 192 

ruminants (Alasaad et al., 2009; Meana et al., 1996; Panadero et al., 2001), and 193 

many studies are based on results obtained using the Baermann–Wetzel 194 

technique on lung tissue samples (Panadero et al., 2001; Pyziel, 2014). In 195 

contrast, the use of faecal samples for the diagnosis of lungworm infection in 196 

livestock is usually carried out using faecal samples (Díez-Baños et al., 1994; 197 

Viña et al., 2013). Our results allow us to evaluate the accuracy and agreement 198 

of the results obtained with the two types of sample. Since both kinds of sample 199 

come from the same animal, we can confidently apply correction factors to the 200 

estimation of prevalence of lungworm and LPG values obtained from different 201 

biological samples, which will undoubtedly serve as a reference for future studies 202 

to be conducted only with the analysis of wild ruminant faeces. Our results are 203 

helpful to understand when and under which circumstances the Baermann–204 

Wetzel technique can be applied in non-invasive sampling schemes to evaluate 205 

the status and dynamics of lungworms in free roaming ruminant populations.  206 



The Baermann–Wetzel method is considered the gold standard for the detection 207 

of bronchopulmonary infections (MAFF, 1986), as described by different authors 208 

who demonstrated its high sensitivity in detecting L1 (Eysker, 1997; Viña et al., 209 

2013).  Sensitivity of the diagnostic test seems to reach up to 90% (Traversa et 210 

al., 2008; Willard et al., 1988) and this finding has been confirmed by our results. 211 

In fact, using both kinds of sample, the sensitivity is close to 90%. However, in 212 

terms of LPG evaluation, the Baermann–Wetzel technique applied to faecal 213 

samples always detected a lower number of L1 in comparison with lung tissue 214 

samples. The variability between faeces and bronchopulmonary tissue might be 215 

due to extrinsic factors (i.e.: period of sampling) as described for the chamois 216 

(Rupicapra rupicapra) by Diez-Baños et al. (1990), or simply because of the lower 217 

concentration of L1 in the faeces than in the pulmonary system due to the location 218 

of the fertile adult nematodes. 219 

Despite the different LPG detected, our results show a significant agreement 220 

between faecal and pulmonary samples, as highlighted by the Bland-Altmann test 221 

(Bland and Altman, 1986). This technique is considered the most appropriate 222 

approach to evaluate the agreement between diagnostic techniques, instead of 223 

the more widely used correlation analysis. The latter can be misleading, and in 224 

our work have been used only as additional agreement indicators. Many 225 

published methodological studies about diagnostic techniques for 226 

bronchopulmonary nematodes support their conclusions only on the lack of 227 

correlation between L1 found in faeces and pulmonary tissue as a way of 228 

comparison (Díez-Baños and Hidalgo-Argüello, 2006), underestimating the 229 

importance of faecal material as a sensitive and non-invasive monitoring 230 

approach. Thus, we aimed for the first time to measure the agreement using a 231 



different and more accurate approach, to better investigate and evaluate the 232 

importance and potential use of faecal samples in the study of lungworm 233 

dynamics in wild ruminant populations, endangered host species and zoo 234 

animals (Cassini et al., 2015; Nocture et al., 1998). 235 

In general, our study highlighted a consistent agreement in the diagnostic results 236 

obtained with the two kind of samples. In particular, it is noteworthy the consistent 237 

agreement highlighted for two lungworm genera, Neostrongylus spp. and 238 

Muellerius spp., suggesting that for these two genera in particular it might be 239 

possible to use both pulmonary or faecal samples for a proper sanitary 240 

surveillance. These two nematode genera had the highest LPG values compared 241 

to the other genera of lungworm isolated. Similar results have already been 242 

described for the chamois by Diez-Baños et al. (1990), who also compared 243 

pulmonary versus faecal samples and described an association of the above-244 

mentioned nematode genera thus, indicating a possible relation between  245 

animals presenting co-infection and high LPG. Hence, naturally parasitism 246 

infection occurring at high prevalence and LPG values seems to show an 247 

important agreement between results from both kind of samples.  248 

Our results show that the sensitivity of the Baermann–Wetzel technique using 249 

faeces is comparable to that obtained when using pulmonary tissues. That is, our 250 

study confirms that epidemiological or diagnostic studies of wild ruminant 251 

lungworms can be perfectly performed with faeces, maintaining the same level of 252 

accuracy as obtained using lung tissue, but with the advantage that faeces are a 253 

non-invasive and easy to obtain sample. This should be taken into account by 254 

field researchers in understanding the value of faecal collection for the 255 

coprological measurement of L1 when necropsies are not possible nor 256 



convenient (Marreros et al., 2012). Our findings also revealed that for highly 257 

infected animals the agreement between the two sampling approach is 258 

progressively lost. However, considering that in our study the lack of agreement 259 

has been observed in less the 1% of the examined animals, the problem can be 260 

considered negligible and not influencing the results of large-scale monitoring. 261 

A correct and precise diagnosis of lungworm genera is the key for an accurate 262 

sanitary surveillance, long-term monitoring, treatment of affected animals, and as 263 

a basis for population management. Our work highlights the agreement of 264 

pulmonary versus faecal samples for one of the most commonly used diagnostic 265 

methods for lungworm infection, indicating that both types of samples can be 266 

used without losing sensitivity and accuracy.  These results support the use and 267 

value of faeces as non-invasive and cost-effective sampling technique for long 268 

term studies as well as for the preservation and conservation of threatened wild 269 

ruminant populations.  270 

 271 

Declaration of Competing Interest 272 

The authors declare that they have no conflict of interest. 273 

Ethical approval 274 

All applicable international, national, and/or institutional guidelines for the care 275 

and use of animals were followed. 276 

Acknowledgements 277 

The authors thank the staff and guards of Sierras de Cazorla, Segura y Las Villas 278 

Natural Park for the overall help to carry out this study. This study has been 279 



funded by the Spanish Ministry of Science and Technology projects AGL2002-280 

02916. 281 

References 282 

Alasaad, S., Morrondo, P., Dacal-Rivas, V., Soriguer, R.C., Granados, J.E., 283 

Serrano, E., Zhu, X.Q., Rossi, L., Pérez, J.M., 2009. Bronchopulmonary 284 

nematode infection of Capra pyrenaica in the Sierra Nevada massif, Spain. Vet. 285 

Parasitol. 164, 340–343. https://doi.org/10.1016/j.vetpar.2009.06.019 286 

Andermatt-Mettler, I., Eckert, J., Ramp, Th., Gottstein, B., 1987. 287 

Cryopreservation of Dictyocaulus viviparus third-stage larvae and Trichinella 288 

spiralis muscle larvae. Parasitol. Res. 73, 358–365. 289 

https://doi.org/10.1007/BF00531091 290 

Berrag, B., Urquhart, G.M., 1996. Epidemiological aspects of lungworm infections 291 

of goats in Morocco. Vet. Parasitol. 61, 81–95. https://doi.org/10.1016/0304-292 

4017(95)00803-9 293 

Bienioschek, S., Rehbein, S., Ribbeck, R., 1996. Cross-infections Between 294 

Fallow Deer and Domestic Ruminants With Large Lungworms (Dictyocaulus 295 

spp.). Appl. Parasitol. 37 (4), 229–38. 296 

Bland, M., Altman, D.G., 1986. Statistical methods for assessing agreement 297 

between two methods of clinical measurement. The Lancet, Originally published 298 

as Volume 1, Issue 8476 327, 307–310. https://doi.org/10.1016/S0140-299 

6736(86)90837-8 300 

Carreno, R.A., Hoberg, E.P., 1999. Evolutionary Relationships among the 301 

Protostrongylidae (Nematoda: Metastrongyloidea) as Inferred from 302 

Morphological Characters, with Consideration of Parasite-Host Coevolution. J. 303 

Parasitol. 85, 638–648. https://doi.org/10.2307/3285736 304 

Cassini, R., Párraga, M.A., Signorini, M., Frangipane di Regalbono, A., Sturaro, 305 

E., Rossi, L., Ramanzin, M., 2015. Lungworms in Alpine ibex (Capra ibex) in the 306 

eastern Alps, Italy: An ecological approach. Vet. Parasitol. 214, 132–138. 307 

https://doi.org/10.1016/j.vetpar.2015.09.026 308 

Díez -Baños, M.N., Hidalgo-Argüello, M., 2006. Análisis de la estado parasitario 309 

de rumiantes silvestres en el norte de Castilla León (P. Díez Baños, J.L. Benedito 310 

Castellote, M. Patrocinio Morrondo Pelayo, J. Hernández Bermúdez & C.M. 311 

López Sández, eds), in: Veinte Años de Buiatría: Actas Del XIV Congreso 312 

Internacional de La Federación Mediterránea de Sanidad y Producción de 313 

Rumiantes. 12–15 de julio de 2006, Lugo-Santiago de Compostela, pp. 95–102. 314 



Diez-Baños, P., Diez-Baños, N., Morrondo-Pelayo, M.P., Campillo, M.C.D., 1990. 315 

Broncho-pulmonary helminths of chamois (Rupicapra rupicapra parva) captured 316 

in north-west Spain: assessment from first stage larvae in faeces and lungs. Ann. 317 

Parasitol. Hum. Comparée 65, 74–79. 318 

https://doi.org/10.1051/parasite/1990652074 319 

Eysker, M., 1997. The sensitivity of the Baermann method for the diagnosis of 320 

primary Dictyocaulus viviparus infections in calves. Vet. Parasitol. 69, 89–93. 321 

https://doi.org/10.1016/S0304-4017(96)01099-0 322 

Forrester, S.G., Lankester, M.W., 1997. Extracting protostrongylid nematode 323 

larvae from ungulate feces. J. Wildl. Dis. 33, 511–516. 324 

https://doi.org/10.7589/0090-3558-33.3.511 325 

Gunn, A., Irvine, R.J., 2003. Subclinical Parasitism and Ruminant Foraging 326 

Strategies: A Review. Wildl. Soc. Bull. 1973-2006 31, 117–126. 327 

Jenkins, M.C., 2001. Advances and prospects for subunit vaccines against 328 

protozoa of veterinary importance. Vet. Parasitol., Advances in Molecular 329 

Parasitology 101, 291–310. https://doi.org/10.1016/S0304-4017(01)00557-X 330 

Kafle, P., Lejeune, M., Verocai, G.G., Hoberg, E.P., Kutz, S.J., 2015. 331 

Morphological and morphometric differentiation of dorsal-spined first stage larvae 332 

of lungworms (Nematoda: Protostrongylidae) infecting muskoxen (Ovibos 333 

moschatus) in the central Canadian Arctic. Int. J. Parasitol. Parasites Wildl., 334 

Including articles from the inaugural conference on “Impact of Environmental 335 

changes on Infectious Diseases (IECID)” 4, 283–290. 336 

https://doi.org/10.1016/j.ijppaw.2015.05.003 337 

Kelly, D.W., Paterson, R.A., Townsend, C.R., Poulin, R., Tompkins, D.M., 2009. 338 

Parasite spillback: A neglected concept in invasion ecology? Ecology 90, 2047–339 

2056. https://doi.org/10.1890/08-1085.1 340 

Lavín, S., Marco, I., Rossi, L., Meneguz, P.G., Viñas, L., 1997. Haemonchosis in 341 

Spanish Ibex. J. Wildl. Dis. 33, 656–659. https://doi.org/10.7589/0090-3558-342 

33.3.656 343 

Levine, N.D., 1985. Veterinary Protozoology. Iowa State University Press. 344 

MAFF, 1986. Manual of Veterinary Parasitological Laboratory Techniques, Her 345 

Majesty’s Stationery Office. ed. London. 346 

Marreros, N., Frey, C.F., Willisch, C.S., Signer, C., Ryser-Degiorgis, M.P., 2012. 347 

Coprological analyses on apparently healthy Alpine ibex (Capra ibex ibex) from 348 

two Swiss colonies. Vet. Parasitol. 186, 382–389. 349 

https://doi.org/10.1016/j.vetpar.2011.11.009 350 

Nocture, M., Cabaret, J., Hugonnet-Chapelle, L., 1998. Protostrongylid nematode 351 



infection of chamois (Rupicapra rupicapra) at the Bauges massif (French Alps). 352 

Vet. Parasitol. 77, 153–161. https://doi.org/10.1016/S0304-4017(97)00053-8 353 

Panadero, R., Carrillo, E.B., López, C., Dı́ez-Baños, N., Dı́ez-Baños, P., 354 

Morrondo, M.P., 2001. Bronchopulmonary helminths of roe deer (Capreolus 355 

capreolus) in the northwest of Spain. Vet. Parasitol. 99, 221–229. 356 

https://doi.org/10.1016/S0304-4017(01)00465-4 357 

Panuska, C., 2006. Lungworms of Ruminants. Vet. Clin. Food Anim. Pract. 22, 358 

583–593. https://doi.org/10.1016/j.cvfa.2006.06.002 359 

Putman, R.J., 1984. Facts from faeces. Mammal Rev. 14, 79–97. 360 

https://doi.org/10.1111/j.1365-2907.1984.tb00341.x 361 

Pyziel, A.M., 2014. Molecular analysis of lungworms from European bison (Bison 362 

bonasus) on the basis of small subunit ribosomal RNA gene (SSU). Acta 363 

Parasitol. 59, 122–125. https://doi.org/10.2478/s11686-014-0219-1 364 

Rode, B., Jørgensen, R.J., 1989. Baermannization of Dictyocaulus spp. from 365 

faeces of cattle, sheep and donkeys. Vet. Parasitol. 30, 205–211. 366 

https://doi.org/10.1016/0304-4017(89)90016-2 367 

Rose, J.H., 1957. Observations on the Bionomics of the Free-living First Stage 368 

Larvae of the Sheep Lungworm, Muellerius capillaris*. J. Helminthol. 31, 17–28. 369 

https://doi.org/10.1017/S0022149X00033253 370 

RStudio Team, 2015. Studio: Integrated Development for R. RStudio, Inc., 371 

Boston, MA. 372 

Sleeman, J., Richgels, K., White, C., Stephen, C., 2019. Integration of wildlife and 373 

environmental health into a One Health approach. Rev Sci Tech 38, 91–102. 374 

https://doi.org/10.20506/rst.38.1.2944 375 

Traversa, D., Iorio, R., Otranto, D., 2008. Diagnostic and Clinical Implications of 376 

a Nested PCR Specific for Ribosomal DNA of the Feline Lungworm 377 

Aelurostrongylus abstrusus (Nematoda, Strongylida). J. Clin. Microbiol. 46, 378 

1811–1817. https://doi.org/10.1128/JCM.01612-07 379 

van Wyk, J.A., Cabaret, J., Michael, L.M., 2004. Morphological identification of 380 

nematode larvae of small ruminants and cattle simplified. Vet. Parasitol. 119, 381 

277–306. https://doi.org/10.1016/j.vetpar.2003.11.012 382 

Vicente, J., Fierro, Y., Gortázar, C., 2005. Seasonal dynamics of the fecal 383 

excretion of Elaphostrongylus cervi (Nematoda, Metastrongyloidea) first-stage 384 

larvae in Iberian red deer (Cervus elaphus hispanicus) from southern Spain. 385 

Parasitol. Res. 95, 60–64. https://doi.org/10.1007/s00436-004-1255-9 386 

Viña, M., Panadero, R., Díaz, P., Fernández, G., Pérez, A., Díez-Baños, P., 387 



Morrondo, P., López, C.M., 2013. Evaluation of the use of pooled fecal samples 388 

for the diagnosis of protostrongylid infections in sheep. Vet. Parasitol. 197, 231–389 

234. https://doi.org/10.1016/j.vetpar.2013.05.013 390 

Willard, M.D., Roberts, R.E., Allison, N., Grieve, R.B., Escher, K., 1988. 391 

Diagnosis of Aelurostrongylus abstrusus and Dirofilaria immitis infections in cats 392 

from a human shelter. J. Am. Vet. Med. Assoc. 192, 913–916. 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Graphical representation from the overall bronchopulmonary larval frequency (A) and the Bland-Altman results for the evaluation of the agreement between pulmonary and faecal samples 
using the Baermann–Wetzel technique (B). Additionally, correlation between the values of both sample types was calculated showing significantly high results (R= 0.54; p <0.001) (C). 
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Fig.2: Bland-Altman representation of the agreement test for one-to-one comparison of each parasite genus between pulmonary and faecal samples using the Baermann–Wetzel technique (A-G). 
LPG: Larave per gram. 
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Fig. 3: Graphical correlations of all identified genus and their significant reults between the LPG values detected with the two types of sample (A - G). LPG: Larave per gram; LPG - L: : Larave per 
gram in lung; LPG - F: : Larave per gram in faeces.   
  


