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Background: Promoting and maintaining health is critical to ruminant welfare and productivity. Within
human medicine, faecal lactoferrin is quantiûed for routine assessment of various gastrointestinal
illnesses avoiding the need for blood sampling. This approach might also be adapted and applied for non-
invasive health assessments in animals.

Methods: In this proof-of-concept study a bovine lactoferrin enzyme-linked immunosorbent assays
(ELISA), designed for serum and milk, was applied to a faecal supernatant to assess its potential for
quantifying lactoferrin in the faeces of cattle. Faecal lactoferrin concentrations were compared to
background levels to assess the viability of the technique. A comparison was then made against serum
lactoferrin levels to determine if they were or were not reûective of one another.

Results: The optical densities of faecal samples were signiûcantly greater than background readings,
supporting the hypothesis that the assay was eûective in quantifying faecal lactoferrin (T13, 115 = 11.99, p
< 0.0005, n = 115). Lactoferrin concentrations of faecal and serum samples, taken from the same
animals on the same day, were signiûcantly diûerent (T21 = 2.49, p = 0.022) and did not correlate (r =
0.069, p = 0.767).
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26 i. Abstract

27 Background: Promoting and maintaining health is critical to ruminant welfare and productivity. 

28 Within human medicine, faecal lactoferrin is quantified for routine assessment of various 

29 gastrointestinal illnesses avoiding the need for blood sampling. This approach might also be 

30 adapted and applied for non-invasive health assessments in animals. 

31 Methods: In this proof-of-concept study a bovine lactoferrin enzyme-linked immunosorbent 

32 assays (ELISA), designed for serum and milk, was applied to a faecal supernatant to assess its 

33 potential for quantifying lactoferrin in the faeces of cattle. Faecal lactoferrin concentrations were 

34 compared to background levels to assess the viability of the technique. A comparison was then 

35 made against serum lactoferrin levels to determine if they were or were not reflective of one 

36 another.

37 Results: The optical densities of faecal samples were significantly greater than background 

38 readings, supporting the hypothesis that the assay was effective in quantifying faecal lactoferrin 

39 (T13, 115 = 11.99, p < 0.0005, n = 115). Lactoferrin concentrations of faecal and serum samples, 

40 taken from the same animals on the same day, were significantly different (T21 = 2.49, p = 0.022) 

41 and did not correlate (r = 0.069, p = 0.767).

42 1 Introduction

43 Ruminant gastrointestinal health is central to ensuring animal welfare and to facilitating 

44 productivity and sustainability in commercial ruminant systems. Gut inflammation can be 

45 symptomatic of poor health and cause economic losses related to reduced feed conversion and 

46 productivity [135]. As worldwide demand for meat increases [6], along with pressures on the 

47 natural resources that support its production [7], it is essential that gut health is optimised to 

48 improve the efficiency and sustainability of livestock production systems. This calls for the urgent 

49 development of economically viable diagnostic tools for the rapid diagnosis of gut disease, to 

50 support prevention and rapid correction of poor gut function.

51 Recently, Watt et al. [8] and Cooke et al. [9] both demonstrated that enzyme-linked 

52 immunosorbent assays (ELISA), designed for use on serum and milk, can be utilised for 

53 quantifying anti-parasite antibodies in the faeces of sheep and cattle [8, 9]. Such techniques can 
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54 provide valuable insights into the health of livestock, particularly in relation to parasitic diseases 

55 and potentially gastrointestinal health in general. Another advantage of faeces-based methods is 

56 that samples can be collected non-invasively and without negative impacts on welfare. Wider 

57 potential benefits include the immunological assessment of animals that cannot be directly 

58 sampled, e.g. if they are evasive or dangerous. 

59 Lactoferrin is an inflammatory marker and key indicator of gut damage. Lactoferrin binds to iron, 

60 preventing its utilisation by bacteria and producing a bacteriostatic effect [10]. Furthermore, it can 

61 regulate immune responses against infection, preventing inflammation by modulating immune cell 

62 function, migration and maturation [11, 12]. Although predominantly found at mucosal surfaces, 

63 lactoferrin can be detected in milk and serum [13]. In human medicine, faecal lactoferrin is used 

64 as an inflammatory marker in the diagnosis of gastrointestinal conditions such as inflammatory 

65 bowel diseases and Crohn9s disease [14317]. In contrast, quantification of lactoferrin is not 

66 routinely conducted within veterinary medicine, other than for the analysis of bulk-tank milk [183

67 21]. 

68 The purpose of this study is to apply the principles of this common practice in human medicine to 

69 veterinary medicine, using techniques analogous to those presented by Watt et al. [8] and Cooke 

70 et al. [9]. That is, to assess if lactoferrin can be quantified in the faeces of ruminants by using 

71 ELISA. If successful, this proof-of-concept would demonstrate potential for the future 

72 development of ruminant faecal lactoferrin ELISA as an indicator of animal health and gut 

73 function.

74 2 Methods

75 2.1 Sample populations

76 Faecal samples were collected from three herds of beef cattle located in Cornwall, Angus, and 

77 Hertfordshire in the UK (C1, C2, C3 respectively) (Error! Reference source not found.). Groups 

78 C1 and C3 were fed on grass silage for at least one month prior to sampling, and group C2 was 

79 permanently grazed on pasture. A total of 117 faecal samples were collected from the three farms 

80 (65, 30 and 22 from C1, C2 and C3 respectively), and 22 blood samples were collected from C3.
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81 Sheep and deer samples (faeces and blood) were available from other experiments. No commercial 

82 lactoferrin ELISA was available for analysis of those samples, so they were subject to the bovine 

83 lactoferrin ELISA protocol. Further details of the analysis of sheep and deer samples is available 

84 in the supplementary material.

85 2.2 Sample collection & preparation

86 2.2.1 Faecal samples

87 Fresh faeces were collected from the ground immediately after defecation was observed. Faecal 

88 samples were stored in screw-top 100 mL plastic containers and stored at -18°C until processing. 

89 Samples were defrosted at room temperature and mixed with a protease inhibitor (cOmplete#, 

90 EDTA-free Protease Inhibitor Cocktail) at a ratio of 1:1 - 1:2 (w:v) with phosphate buffered saline, 

91 depending upon consistency and moisture. This mixture was homogenised and centrifuged at 3-

92 6°C and 12000 x g (Sorvall SLA-3000 rotor in a Sorvall RC-5B centrifuge, ThermoFisher 

93 Scientific, USA) for 5 min. The faecal supernatant was then removed by pipette and stored at -

94 18°C.

95 2.2.2 Blood samples

96 Blood samples were collected by tail venepuncture into glass Vacutainers® (Becton Dickinson, 

97 USA). Samples were left >30 min to clot and were centrifuged at 1056 x g (Sorvall SLA-3000 

98 rotor in a Sorvall RC-5B centrifuge) for 15 min to separate serum, which was removed by pipette 

99 and stored at -18°C.

100 2.2.3 Serial dilutions

101 Test plates were conducted to determine the optimum concentration of faecal supernatants and 

102 serum (diluted with Tris-buffer saline with 0.05% Tween# 20 (TBST)) to achieve optical 

103 densities within the detection limits of the plate reader and to best show the variation in the 

104 datasets. The optimum dilution was qualitatively determined as the dilution at which no notable 

105 plateauing or data clumping had begun, which can both be features of more dilute samples. If two 

106 dilutions presented similar qualities, the least concentrated was chosen to ensure the capture of 

107 lactoferrin samples higher than those on the trial plates and to preserve sample quantity. Test plates 
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108 were conducted on 63 cattle faecal samples at concentrations of 1/1, 1/2, 1/8 and 1/32, and on 25 

109 cattle serum samples at concentrations of 1/5, 1/10, 1/20, and 1/40. 

110 On each plate, a seven-point halving series dilution of bovine lactoferrin standard was included 

111 (Bethyl Laboratories; RC10-126-8) for reference and as a positive control. Stock solution was 

112 1000 µg mL-1
, and for the first standard in the series was diluted to 0.5 µg mL-1 with TBST. 

113 Subsequent dilutions added 500 µL of the previous solution in the series to 500 µL of TBST. Each 

114 plate also included three negative control blanks of TBST.

115 2.3 ELISA protocol

116 The ELISA were conducted using a commercially available bovine lactoferrin ELISA set (Bethyl 

117 Laboratories Inc., E10-126) which is produced primarily for use on bovine milk samples. 

118 The plate coat was made by mixing affinity purified antibody (Bethly Laboratories Inc. A10-126A) 

119 with carbonate buffer at a ratio of 1:100 (v:v). Then, 100 µL of the formed coat was added to each 

120 well and the plates (Nunc-Immuno Maxsorp 96-well) were covered in cling film and incubated at 

121 20°C for 1 h. 

122 After the first incubation, the plates were washed 5 times with TBST using an automated plate 

123 washer. Two hundred µL of TBST was added to each well as a blocking solution and plates were 

124 covered in cling film and incubated at 20°C for 30 min.

125 After the second incubation, the plates were washed 5 times in TBST before 100 µL of sample 

126 was added to each well (except blanks) and plates were covered in cling film and incubated at 

127 20°C for 1h. 

128 After the third incubation, the plates were washed 5 times in TBST before 100 µL of horseradish 

129 peroxidase (HRP) detection (0.5% with carbonate buffer) antibody was added to each well and the 

130 plates were covered in cling film and incubated at 20°C for 1h.

131 After the fourth incubation, the plates were washed 5 times in TBST before 100 µL of enzyme 

132 substrate (SureBlue# TMB Microwell Peroxidase Substrate Kit) was added to each well before 

133 the plates were placed in opaque boxes and incubated at 20°C for 15 min. Then, 100 µL of stop 

134 solution, 0.18m H2SO4, was added to each well and plates were immediately read for optical 

135 density at 450nm by a plate reader.
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136 2.4 Dry matter and optical density assessment

137 The moisture content of fresh faeces depends on animal diet and state of hydration. Temporal 

138 variation in faecal moisture content may significantly influence the concentrations of components, 

139 including lactoferrin, within the faeces. Thus, a simple test was conducted to investigate whether 

140 faecal moisture content or sample background optical density were related to lactoferrin 

141 concentrations.

142 For 56 of the cattle faecal samples (from groups C1, C2, and C3), faecal supernatants at 1:2 (w:v) 

143 ratio of faeces to protease inhibitor, were measured to determine optical density. This was 

144 conducted twice using 100 µL and 50 µL of supernatant. Blank 96-well plates were initially read 

145 to determine background optical density. Aliquots of each supernatant were pipetted into 

146 individual wells, avoiding the outer two rows and columns, to avoid potential edge effects. Plates 

147 were then read using a plate reader, to determine optical density, from which the background value 

148 was subtracted. Supernatant optical densities were then correlated to lactoferrin concentration and 

149 subsequent regression analysis conducted.

150 Twenty-nine of the faecal cattle samples (from groups C1, C2, and C3) were analysed for dry 

151 matter content by gravimetric loss at 65°C to a constant weight. 

152 2.5 Statistical analysis

153 All statistical analyses were performed to a confidence level of 95% in Minitab 18 (Minitab Ltd., 

154 UK). Prior to statistical testing outliers were identified using a Grubb9s outlier test and 

155 subsequently removed from relevant analysis. Two-sample T-tests were used to determine if faecal 

156 supernatant ODs were significantly above background levels (TBST blanks). Pearson9s 

157 correlations were performed to determine if the test results for serum and faecal samples, matched 

158 per individual and taken on the same day, were correlated. A Pearson9s correlation was also 

159 performed to assess if faecal sample moisture correlated to lactoferrin concentration.

160
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161 3 Results

162 3.1 Controls, references, and calibration

163 Negative controls of TBST were consistent across all plates and had a mean background optical 

164 density of 0.0486, ranging from 0.0467 to 0.0506, with a relative standard error of 0.77%. 

165 Reference material gave consistent curves with a mean relative standard error of 1.51% across all 

166 dilutions.

167 Based on the results of three initial test plates, it was determined that a sample concentration of 

168 50% was optimum for cattle faecal samples. At this dilution, all samples yielded optical densities 

169 significantly above background levels, as determined using 2-sample T-tests that compared 

170 background levels to faecal supernatants (T13, 115 = 11.99, p < 0.0005) (Figure 1).

171 3.2 Lactoferrin concentrations

172 A Grubbs9 test found one outlier value within the cattle faecal data set (1.937 µg mL-1). This 

173 sample was removed from consideration during statistical analyses.

174 The mean lactoferrin concentration across all cattle faecal samples was 0.258 µg mL-1 (S.E. 0.027) 

175 (Figure 2). For serum samples, the mean concentration was 0.075 µg mL-1 (S.E. 0.004) (Figure 3). 

176 A paired T-test comparing matched faecal and serum samples from the same individuals, taken on 

177 the same day, found a statistically significant difference between serum and faecal lactoferrin (T21 

178 = 2.49, p = 0.022). Furthermore, no statistically significant correlation was found between faecal 

179 and serum lactoferrin concentrations taken from the same individuals on the same day (r = 0.069, 

180 p = 0.767).

181 3.3 Faecal dry matter and optical density assessment

182 Optical density of faecal supernatants correlated significantly with lactoferrin concentration at 100 

183 µL (Ã = 0.377, p = 0.004) but not 50 µL (Pearson9s correlation = 0.135, p = 0.135) (Figure 4). 

184 Subsequent regression analysis of lactoferrin concentration as a response to optical density at 100 

185 µL yielded an r2 of 14.2%.

186 Dry matter content of faeces was not significantly correlated with lactoferrin concentration (Ã = -

187 0.148, p = 0.161) (Figure 5).
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188 4 Discussion

189 The optical densities of faecal and blood samples, isolated according to the extraction methods, 

190 significantly exceeded those from blank controls (TBST). It is, therefore, concluded that the 

191 ELISA protocol was successful for the detection of lactoferrin in faeces of cattle. Furthermore, we 

192 observed similar results for samples from sheep and deer sampled in Scotland (see supplementary 

193 material). We, therefore, accept the hypothesis that lactoferrin can be quantified in the faeces of 

194 ruminants using commercially available ELISA products.

195 The lack of correlation between faecal lactoferrin and serum lactoferrin taken from the same 

196 individual cattle on the same day suggests that faecal lactoferrin quantification cannot necessarily 

197 be used as a proxy for serum or milk lactoferrin. This finding strongly indicates the potential 

198 further development of the assay to specifically measure gut health, as opposed to systemic health. 

199 This lack of correlation between lactoferrin concentrations from blood serum and faecal 

200 supernatant is likely due to multiple sites of lactoferrin production within the body, including at 

201 the mucosal surface of the gut, and the contrasting metabolic sources of milk, serum, and faeces. 

202 This has been previously described for lactoferrin production in the human body [22, 23]. 

203 Confirmation of the gut as the physiological source of the lactoferrin in the faeces of ruminants 

204 could be achieved by taking swab samples for analysis along gastrointestinal transects of recently 

205 slaughtered individuals and comparison with matched faecal samples taken immediately prior to 

206 death. However, the contrasting chemistries of ruminant faeces and blood, and the manner in which 

207 lactoferrin reacts to different organic and inorganic molecules therein, may affect the successful 

208 extraction of the immune-marker from the different substrates. For example, inconsistent avidity 

209 of the ELISA to different physical forms of lactoferrin has been identified [24327]. Based on the 

210 complexities related to the presentation of lactoferrin in faeces, future methodological 

211 development should include comparison with complementary established techniques in molecular 

212 biology that detect specific proteins, e.g. western blot, to ratify the results obtained by ELISA to 

213 establish its reliability. However, lactoferrin ELISAs are established and recognised [28], and 

214 widely used to quantify human lactoferrin in faeces [14, 15, 29] and bovine lactoferrin in milk and 

215 serum [30], supporting the use of this technique for quantifying bovine faecal lactoferrin.

216 The comparison of faecal sample dry matter and background optical density to lactoferrin 

217 concentration highlighted an important consideration when using faecal material for any molecular 
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218 quantification techniques. The physical composition of faeces can vary greatly [32], not just 

219 between individuals, but for the same individual at different times, diluting or concentrating 

220 immunomarkers within sampled faeces. Furthermore, diarrhoea (high faecal moisture content) can 

221 be symptomatic of gastrointestinal disease or pathology or infection [33335], creating a 

222 confounding factor. The mechanism driving the significant relationship between supernatant 

223 optical density and lactoferrin is unknown but may relate to the effects of gut damage on faecal 

224 composition. Further investigation is required to determine any systematic adjustment or 

225 interpretation of ELISA results related to potential confounding factors.

226 5 Conclusion

227 The objective of this research was to assess the feasibility of quantifying lactoferrin in the faeces 

228 of cattle. The development of a rapid and non-invasive test for the gut health of ruminants using 

229 faecal lactoferrin quantification has potentially wide-reaching benefits. Immunological 

230 assessments of mammals are typically invasive and can be logistically difficult due to animal 

231 aggression, evasiveness and animal welfare legislation. Faecal sampling, therefore, offers an 

232 opportunity for the wide-ranging assessment of gut health in mammals.

233 This study trialled an existing ELISA developed to quantify lactoferrin concentrations in milk 

234 through the application to the supernatant of faecal samples of ruminants (beef cattle) from three 

235 geographically distinct regions of the UK. There was no relationship between the concentrations 

236 of lactoferrin in faecal supernatant and serum, suggesting different metabolic sources of 

237 lactoferrin, or differences in the success of lactoferrin extraction from two different substrates. 

238 Therefore, faecal lactoferrin may provide novel information that can provide new insight into 

239 animal health. Robust interpretation of faecal lactoferrin ELISA results will require substantial 

240 future work. Nevertheless, this successful proof-of-concept highlights the how lactoferrin, and 

241 potentially other immune-markers, can be quantified non-invasively for the assessment of animal 

242 health.

243 6 Abbreviations

244 ANOVA 3 analysis of variance

245 EDTA - ethylenediaminetetraacetic acid
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246 ELISA 3 enzyme-linked immunosorbent assay

247 GIN 3 gastrointestinal nematode(s)

248 H2SO4 3 sulfuric acid

249 HRP 3 horseradish peroxidase

250 OD 3 optical density

251 TBST 3 tris-buffered saline with Tween 20

252 7 Declarations

253 7.1 Ethical approval and consent to participate

254 All cattle blood samples were taken by a trained and qualified veterinary surgeon who was 

255 conducting routine analysis in support of animal health under the UK Veterinary Surgeons Act 

256 1966. Samples were analysed on request of the veterinary surgeon using excess samples and did 

257 not require excess blood being drawn in addition to what was required under routine practice.

258 Sheep blood samples were taken under the Animal Scientific Procedures Act (1986). Samples used 

259 in this study were remnant samples taken under project license no: PPL 60/4211, personal license 

260 no: PIL 60/623. 

261 The single deer blood sample was taken with the landowner9s permission from an animal shot for 

262 food.

263 7.2 Consent for publication 

264 Not required

265 7.3 Availability of data and material

266 Data generated and or analysed during this study are included in this published article [and its 

267 supplementary information file].

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27864v1 | CC BY 4.0 Open Access | rec: 16 Jul 2019, publ: 16 Jul 2019



268 7.4 Competing interests

269 The authors declare that they have no competing interests.

270 7.5 Funding

271 This research was funded by the Biotechnology and Biological Sciences Research Council 

272 (BBSRC) under grant number BB/J014400/1/ through the South West Biosciences Doctoral 

273 Training Partnership (SWBio DTP), which funded the PhD of A.S. Cooke. E. Morgan was funded 

274 under grant number BB/R010250/1.

275 7.6 Author9s contributions

276 A.S. Cooke instigated the research project and the collaboration between Rothamsted 

277 Research/University of Bristol and the University of Edinburgh. He was involved in all the cattle 

278 sample collection, protocol development, and all laboratory and statistical analyses, and led the 

279 writing of the manuscript.

280 K. Watt was central to developing the ELISA protocols within the study, laboratory analysis of 

281 samples, and assistance with manuscript preparation.

282 G. Albery collected deer faecal samples and extracted them and provided input and feedback on 

283 the manuscript.

284 E.R. Morgan contributed by gaining the funding for the project with J. A. J. Dungait and advising 

285 on and contributing to manuscript content, especially to contextualise the work from a veterinary 

286 perspective.

287 J. A. J. Dungait contributed by winning the funding which was used for this project. J. A. J. Dungait 

288 also facilitated the development of the project by gaining support from the farms within the study. 

289 Professor Dungait provided valuable support and scientific input throughout the length of the 

290 experiment and manuscript preparation.

291 7.7 Acknowledgements

292 We are grateful to Professor Dan Nussey (University of Edinburgh, UK) for facilitating the 

293 research and collaboration that this work was based on.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27864v1 | CC BY 4.0 Open Access | rec: 16 Jul 2019, publ: 16 Jul 2019



294 Further thanks go to Dr. Adam Hayward (Moredun Research Institute, UK), for allowing us to use 

295 samples he had collected whilst at the University of Edinburgh and for providing advice.

296 We would also like to thank Professor Josephine Pemberton (University of Edinburgh, UK) and 

297 Ms. Jill Pilkington (University of Edinburgh, UK) for their contributions in sample collection and 

298 project licensing. 

299 Final thanks are extended to the National Trust Scotland for allowing sampling to be conducted 

300 on their property.

301 8 References

302 1. Beever DE, Doyle PT. Feed conversion efficiency as a key determinant of dairy herd 

303 performance: a review. Aust J Exp Agric. 2007;47:645357.

304 2. Charlier J, Höglund J, von Samson-Himmelstjerna G, Dorny P, Vercruysse J. Gastrointestinal 

305 nematode infections in adult dairy cattle: Impact on production, diagnosis and control. Vet 

306 Parasitol. 2009;164:7039.

307 3. Khiaosa-ard R, Zebeli Q. Cattle9s variation in rumen ecology and metabolism and its 

308 contributions to feed efficiency. Livest Sci. 2014;162:66375.

309 4. Niezen JH, Waghorn TS, Charleston W a. G, Waghorn GC. Growth and gastrointestinal 

310 nematode parasitism in lambs grazing either lucerne (Medicago sativa) or sulla (Hedysarum 

311 coronarium) which contains condensed tannins. J Agric Sci. 1995;125:28139.

312 5. VandeHaar MJ, St-Pierre N. Major Advances in Nutrition: Relevance to the Sustainability of 

313 the Dairy Industry. J Dairy Sci. 2006;89:1280391.

314 6. Fiala N. Meeting the demand: An estimation of potential future greenhouse gas emissions 

315 from meat production. Ecol Econ. 2008;67:41239.

316 7. Gordon LJ, Bignet V, Crona B, Henriksson PJG, Holt TV, Malin Jonell, et al. Rewiring food 

317 systems to enhance human health and biosphere stewardship. Environ Res Lett. 2017;12:100201.

318 8. Watt KA, Nussey DH, Maclellan R, Pilkington JG, McNeilly TN. Fecal antibody levels as a 

319 noninvasive method for measuring immunity to gastrointestinal nematodes in ecological studies. 

320 Ecol Evol. 2016;6:56367.

321 9. Cooke AS, Watt KA, Morgan ER, Dungait J a. J. The latest FAD 3 Faecal antibody detection 

322 in cattle. Protocol and results from three UK beef farms naturally infected with gastrointestinal 

323 nematodes. Parasitology. 2019;146:89396.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27864v1 | CC BY 4.0 Open Access | rec: 16 Jul 2019, publ: 16 Jul 2019



324 10. Weinberg ED. Iron withholding: a defense against infection and neoplasia. Physiol Rev. 

325 1984;64:653102.

326 11. Kruzel ML, Zimecki M, Actor JK. Lactoferrin in a Context of Inflammation-Induced 

327 Pathology. Front Immunol. 2017;8. doi:10.3389/fimmu.2017.01438.

328 12. Legrand D, Elass E, Carpentier M, Mazurier J. Lactoferrin: a modulator of immune and 

329 inflammatory responses. Cell Mol Life Sci CMLS. 2005;62:2549359.

330 13. Sánchez L, Calvo M, Brock JH. Biological role of lactoferrin. Arch Dis Child. 1992;67:6573

331 61.

332 14. Gisbert JP, Bermejo F, Pérez-Calle J-L, Taxonera C, Vera I, McNicholl AG, et al. Fecal 

333 calprotectin and lactoferrin for the prediction of inflammatory bowel disease relapse. Inflamm 

334 Bowel Dis. 2009;15:119038.

335 15. Lamb CA, Mansfield JC. Measurement of faecal calprotectin and lactoferrin in inflammatory 

336 bowel disease. Frontline Gastroenterol. 2011;2:1338.

337 16. Lundberg JO, Hellström PM, Fagerhol MK, Weitzberg E, Roseth AG. Technology Insight: 

338 calprotectin, lactoferrin and nitric oxide as novel markers of inflammatory bowel disease. Nat 

339 Rev Gastroenterol Hepatol. 2005;2:963102.

340 17. Tibble J, Teahon K, Thjodleifsson B, Roseth A, Sigthorsson G, Bridger S, et al. A simple 

341 method for assessing intestinal inflammation in Crohn9s disease. Gut. 2000;47:506313.

342 18. Nielsen SS, Thamsborg SM, Houe H, Bitsch V. Bulk-tank milk ELISA antibodies for 

343 estimating the prevalence of paratuberculosis in Danish dairy herds. Prev Vet Med. 2000;44:137.

344 19. Parker AM, House JK, Hazelton MS, Bosward KL, Morton JM, Sheehy PA. Bulk tank milk 

345 antibody ELISA as a biosecurity tool for detecting dairy herds with past exposure to 

346 Mycoplasma bovis. J Dairy Sci. 2017;100:82963309.

347 20. Stabel JR, Wells SJ, Wagner BA. Relationships between fecal culture, ELISA, and bulk tank 

348 milk test results for Johne9s disease in US dairy herds. J Dairy Sci. 2002;85:525331.

349 21. Thobokwe G, Heuer C, Hayes DP. Validation of a bulk tank milk antibody ELISA to detect 

350 dairy herds likely infected with bovine viral diarrhoea virus in New Zealand. N Z Vet J. 

351 2004;52:3943400.

352 22. Adlerova L, Bartoskova A, Faldyna M. Lactoferrin: A review. Vet Med (Praha). 

353 2008;53:457368.

354 23. Levay PF, Viljoen M. Lactoferrin: a general review. Haematologica. 1995;80:252367.

355 24. Bagby GJ, Bennett RM. Feedback regulation of granulopoiesis: polymerization of lactoferrin 

356 abrogates its ability to inhibit CSA production. Blood. 1982;60:108312.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27864v1 | CC BY 4.0 Open Access | rec: 16 Jul 2019, publ: 16 Jul 2019



357 25. Bennett RM, Bagby GC, Davis J. Calcium-dependent polymerization of lactoferrin. Biochem 

358 Biophys Res Commun. 1981;101:88395.

359 26. Kanyshkova TG, Buneva VN, Nevinsky GA. Lactoferrin and Its biological functions. 

360 Biochem Mosc. 2001;66:137.

361 27. Mantel C, Miyazawa K, Broxmeyer HE. Physical Characteristics and Polymerization During 

362 Iron Saturation of Lactoferrin, A Myelopoietic Regulatory Molecule with Suppressor Activity. 

363 In: Hutchens TW, Rumball SV, Lönnerdal B, editors. Lactoferrin: Structure and Function. 

364 Boston, MA: Springer US; 1994. p. 121332. doi:10.1007/978-1-4615-2548-6_12.

365 28. Hetherington SV, Spitznagel JK, Quie PG. An enzyme-linked immunoassay (ELISA) for 

366 measurement of lactoferrin. J Immunol Methods. 1983;65:183390.

367 29. Buderus S, Boone J, Lyerly D, Lentze MJ. Fecal Lactoferrin: A New Parameter to Monitor 

368 Infliximab Therapy. Dig Dis Sci. 2004;49:103639.

369 30. Cheng JB, Wang JQ, Bu DP, Liu GL, Zhang CG, Wei HY, et al. Factors Affecting the 

370 Lactoferrin Concentration in Bovine Milk. J Dairy Sci. 2008;91:97036.

371 31. Dial EJ, Hall LR, Serna H, Romero JJ, Fox JG, Lichtenberger LM. Antibiotic Properties of 

372 Bovine Lactoferrin on Helicobacter pylori. Dig Dis Sci. 1998;43:275036.

373 32. Le Jambre LF, Dominik S, Eady SJ, Henshall JM, Colditz IG. Adjusting worm egg counts 

374 for faecal moisture in sheep. Vet Parasitol. 2007;145:108315.

375 33. Fox MT. Pathophysiology of infection with gastrointestinal nematodes in domestic 

376 ruminants: recent developments. Vet Parasitol. 1997;72:2853308.

377 34. Thiennimitr P, Winter SE, Winter MG, Xavier MN, Tolstikov V, Huseby DL, et al. Intestinal 

378 inflammation allows Salmonella to use ethanolamine to compete with the microbiota. Proc Natl 

379 Acad Sci. 2011;108:1748035.

380 35. Zajac AM. Gastrointestinal Nematodes of Small Ruminants: Life Cycle, Anthelmintics, and 

381 Diagnosis. Vet Clin Food Anim Pract. 2006;22:529341.

382  

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27864v1 | CC BY 4.0 Open Access | rec: 16 Jul 2019, publ: 16 Jul 2019



Figure 1
Bar chart showing average optical densities, after ELISA process, of faecal, serum, and
TBST blank samples. Error bars represent standard error.
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Figure 2

Kite graph showing the distribution of cattle faecal lactoferrin concentrations (µg mL-1)
(n = 115).
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Figure 3

Kite graph showing the distribution of cattle faecal lactoferrin concentrations (µg mL-1)
(n = 22).
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Figure 4
Scatterplot with trendlines showing the relationship between faecal supernatant optical
densities (at 50 µL and 100 µL) and lactoferrin concentration (µg mL-1).
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Figure 5
Scatterplot with trendlines showing the relationship between faecal dry matter content
(%) and faecal lactoferrin concentration (µg mL-1).
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Table 1(on next page)

Sample numbers and associated information herds within the study. Cattle were kept in
traditional farm settings, with regular human interaction, controlled grazing patterns,
and fenced ûelds.
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Group Species n faecals n bloods

C1 Cattle 65 0

C2 Cattle 30 0

C3 Cattle 22 22

1
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