
 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 22.02.2021 – Accepted: 02.04.2021 

61 

 

 

 

 

 

Approaches to the Treatment of Diseases of Distal Limb Parts in 

Cattle 
 

A.M. Kovalenko
1
; N.V. Yavnikov

2
; S.A. Khomutovskaya

3
; K.S. Sokolov

4
; Slyusareva Yu. E

5
;                           

N.A. Belyakova
6
 

1
Belgorod State Agricultural Univerisity named after V. Gorin, Russia.                                               

1
mycobacteria@rambler.ru 

2
Belgorod State Agricultural Univerisity named after V. Gorin, Russia.  

3
Belgorod State Agricultural Univerisity named after V. Gorin, Russia.                                        

3
homutovskaja_sa@bsaa.edu.ru 

4
Belgorod State Agricultural Univerisity named after V. Gorin, Russia. 

5
Belgorod State Agricultural Univerisity named after V. Gorin, Russia. 

6
Belgorod State Agricultural Univerisity named after V. Gorin, Russia. 

6
belyakovanatalya2018@gmail.com 

 

 

Abstract 

Mortellaro’s disease affects up to 25% of Russia's cattle, which causes significant economic damage 

to dairy products. The indicators of the therapeutic efficacy of existing drugs vary, and obsolete 

agents and schemes are used for treatment. A drug was developed and tested using the technology 

of liposomal silver nanoparticles (Ag) for treatment of Mortellaro’s disease in dairy cows. By 

comparison and grouping method, the effectiveness of 5 drug samples at different stages of 

development of infectious and pathological processes in 5 experimental groups of cows was 

compared with 2 control groups: Group 1 received no treatment, Group 2 was treated with Solka 

Hoofgel. It was established that sample 2 of the developed preparation with Ag content of 15 ml 

showed 92-96% of the therapeutic efficacy in the treatment of Mortellaro’s disease, which is higher 

than that of the analog preparation by 25%. The drug provides the appearance of granulation tissue 

in the affected areas as early as the fifth day after application to the damaged surface of the 

interdigital space and the epithelization of the damaged areas after 7 days of treatment. 
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1. Actuality of the Topic 

 

Mortellaro’s disease is widespread in many countries of Europe and Russia. This disease, not 

being contagious, nevertheless can affect up to 70% of the herd (Cheli R. e., Mortellaro C., 1974). 

The economic damage caused by infectious diseases of the distal limbs only in the world's dairy cattle 

industry is estimated at hundreds of millions of dollars per year (Losinger W., 2006). Damage to 

other ungulates is difficult to assess due to lack of data.     

Researchers around the world do not abandon the attempts to invent a highly effective agent 

for the prevention and treatment of Mortellaro’s disease (Hernandez J. et al., 1999; Koziy, 2005; 

Holzhauer M. et al., 2008; Toholj B. et al., 2012). At the moment, there is no unequivocal opinion on 

the existence of a universally recognized tool and scheme for the prevention and treatment of this 

disease, as the data on the effectiveness of existing drugs vary (Solka, Hoof Skin). However, most 

foreign drugs are not available for domestic dairy producers because of their high price.  

Thus, the necessity emerged to develop a domestic therapeutic and prophylactic drug which 

can be used to combat diseases of the distal limb parts of cattle. 

At the same time, with the development of nanotechnology and the use of nanomaterials, a 

large number of publications appear that describe the high efficiency of metals in the nanocrystalline 

state (Jose Ruben Morones et al., 2005). In the present study stabilized silver nanoparticles were used 

to prepare an antiseptic and wound healing drug that would possess a high therapeutic effect in 

treating cows suffering from Mortellaro’s disease.  

The work is aimed at the development and testing of a new effective therapeutic and 

prophylactic drug based on liposome silver nanoparticles (Ag) in the treatment of cows with 

Mortellaro’s disease. 

 

2. The Aim of the Work 

 

The development and testing of a therapeutic and prophylactic drug to fight the development 

of Mortellaro’s disease in cattle. For this, the following necessary tasks were performed:  

 To develop and test a drug for the treatment of cows afflicted with Mortellaro’s disease; 

 To experimentally study the effectiveness of the developed drug series for treating cows 

with Mortellaro’s disease using the method of comparison and grouping. 
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3. Materials and Methods 

 

The work was performed on the basis of the Department of Infectious and Invasive Pathology, 

Laboratory of Infectious and Invasive Pathologies, Development and Approbation of Veterinary 

Preparations at Belgorod State Agricultural University named after V. Gorin and at LLC ‘M9’ 

(Samara). 

Scientific and industrial experiments were carried out on the basis of the dairy cattle farm 

LLC ‘Zelenaya Dolina’ of the Yakovlevsky District of the Belgorod Region.   

The study of the peculiarities of the clinical manifestation of the Mortellaro’s disease was 

carried out directly in the conditions of dairy farming. Identification of the causative agent 

(Treponema sp.) was carried out by bacteriological and microscopic methods. Clinical evaluation of 

lesions intensity was carried out according to the classification proposed by Döpfer D. et al. (1997). 

This classification describes the degree of disease manifestation. 

M1 – small-sized changes with a red or white-red surface, exudation is possible. The 

epithelium is either preserved or damaged; 

M2 – ‘classic ulceration’, red or white-red lesions with a diameter of more than 1 cm. On the 

surface, granulation or proliferative tissue is present (in large quantities or filamentary). 

M3 – healing lesions with a black scaboid surface. 

M4 – skin changes that raise suspicion of the disease, as well as a proliferative form                    

(D. Döpfer et al. [1997]). 

To prepare 5 test samples of the drug, nanoscale silver particles were prepared, obtained by 

chemical reduction of silver nitrate in a liquid solvent by sol-gel method with transfer of the obtained 

nanoparticles to the liposome fraction. Samples of the drug were prepared on a gel basis with 

nanosized liposomal silver particles distributed in its volume; the structure of the particles was 

specially modified to ensure high efficiency on skin and keratinized tissues. Special molecular 

coating on the surface of nanoparticles allows them to gain a foothold in the deep layers of the skin 

and cornified layer, subcutaneous tissue, thereby ensuring a strong and lasting effect on the 

conditionally pathogenic and pathogenic microflora in short exposure. 

The main difference between the developed product and existing analogues is the presence of 

metal in the crystalline form. These very small crystals very effectively penetrate deep layers of the 

skin and subcutaneous tissue exactly where the inflammation site is located and effectively influence 

the pathogen, inactivating it. 
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The average size of silver nanoparticles is 16 nm ± 5 (transmission electron microscopy)  

(Fig. 1). 

 

Fig.1 - Silver Nano Particles Sized 16 nm ± 5 (Transmission Electron Microscopy), Obtained in Laboratory of Infectious and 

Invasive Pathologies and Approbation at BSAU named after V. Gorin 

 

 

Samples of the drug to compare the therapeutic efficacy of different volumes of silver 

nanoparticles were prepared by the following calculation: 

 Sample 1: 995.0 mlgel + 5.0 mlsilver; 

 Sample 2: 985.0 mlgel + 15.0 mlsilver; 

 Sample 3: 975.0 mlgel + 25.0 mlsilver; 

 Sample 4: 970.0 mlgel + 30.0 mlsilver; 

 Sample 5: 960.0 mlgel + 40.0 mlsilver. 

The object of study was Holstein Friesian cows of European selection of the first and second 

lactation periods with different stages of the disease of the distal limbs (Mortellaro’s disease), 170 

cows in total, of which 7 groups were formed: 

Control Group 1 (n = 10), no treatment received; 

Control Group 2 (n = 10), hoof gel ‘Solkahoofgel’ used; 

Test Group 1 (n = 30),  ‘Sample 1’ of the preparation used; 

Test Group 2 (n = 30),  ‘Sample 2’ of the preparation used; 

Test Group 3 (n = 30),  ‘Sample 3’ of the preparation used; 

Test Group 4 (n = 30),  ‘Sample 4’ of the preparation used; 

Test Group 5 (n = 30),  ‘Sample 5’ of the preparation used; 

In Control Group 2, after trimming the hoofs for the treatment of Mortellaro’s disease, 

SolkaHoofgel was used (KantersSpecialProducts B.V., the Netherlands). In the animals of the 
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experimental groups (3, 4, 5, 6, 7) of dairy cows with lesions of the interdigital space due to 

Mortellaro’s disease after trimming and preliminary treatment of hoofs (mechanical cleaning, 

washing with running water, drying) the drug samples were applied to the affected surface of the 

wound with a brush, then covered with gauze bandage, closing the wound with parchment paper 

before applying the gauze. 

After 3, 5, 7 days, the examination of the affected area was performed and the therapeutic 

efficacy of the drug samples was evaluated according to the degree of healing. 

 

4. Research Results 

 

As a result of the drug tests, changes in the condition of the limbs of 7 groups of cows 

affected by Mortellaro’s disease were studied. The condition of curability and clinical signs were 

analysed in experimental animals before treatment and then 3, 5, 7 days after the start and the end of 

treatment. 

In the animals of Control Group 1 during the study period the condition of the affected surface 

of the interdigital space did not change in 3 cows. The affected area increased from 3 mm or more to 

6 mm and 8 mm. In 6 cows, the pathological changes increased, which was evident in the visual 

examination of the limbs (the diameter of the lesions was increased), and the intensity of the lesions 

caused pain in the animals of the given group and the appearance of edema, that is, the transition to a 

more acute stage of the pathological process of digital dermatitis (Table 1).  

 

Table 1 - Dynamics of the Pathological Process in Control Group 1 

 

 

The degree of distal limb impact by Döpfer 

D., (1994) prior to the experiment / 7 days 

later, n heads 

Infected animals in the group, n 

heads 

M1 М2 М3 М4 prior to 

the 

experiment 

7 days 

later 

± 

Number of 

animals, n 

4 3 3 5 2 0 1 2 10 10 ±0 

Affected area 

diameter, 

mm 

48 39 123 208 50 0 23 52 244 351 +107 

 

Analyzing the data of Table 1, it should be noted that in the animals of Control Group 1 the 

pathological process was aggravated. Thus, at the beginning of the experiment, among 10 heads of 

cattle 4 animals had M1 lesion, and in 7 days their number decreased to 3, since the lesions in 1 
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animal on Day 7 were already classified as M2 stage. The number of animals with M2 lesion 

increased from 3 to 5 heads, and the number of animals with M4 lesion increased from 1 to 2 heads. 

The total diameter of lesions increased by 107 mm – a 143% increase compared to the beginning of 

the experiment. These data clearly demonstrate that without treatment, Mortellaro’s disease is rapidly 

progressing. 

Control Group 2 was treated with Solka Hoofgel (Table 2). It should be noted that in this 

group a significant therapeutic effect of the drug was observed. 

 

Table 2 - Dynamics of the Pathological Process in Control Group 2 

 

 

The degree of distal limb impact by Döpfer 

D., (1994) prior to the experiment / 7 days 

later 

Summary indicators 

М1 М2 М3 М4 prior to 

the 

experiment 

7 days 

later 

± 

Number of 

animals, n 

3 3 5 1 1 2 1 1 10 7 - 7 

Affected area 

diameter, mm 

85 24 258 40 35 54 31 17 409 135 - 274 

 

In one cow, the healing process worsened at the 3rd examination in comparison with the 2nd. 

On the third day after the gel application, a scab formed on the affected area, which is a necessary 

condition and a sign of the healing process. Full-scale scab on the third day was formed in 2 animals, 

but after 7 days, when the scab peeled off, repeated signs of M1 and M2 stage damage were observed 

on the skin. In 2 animals, the scab was formed partially, that is, not covering the entire lesion area; 

this caused partial healing in 1 cow (M1 stage) and the persistence of the initial stage of the lesion 

until the end of the study (M4). In 2 animals no full-scale scab was formed on the 3rd day (by this 

time, the changes on the lesions surface can be characterized as necrosis and a mild degree of 

maceration, giving the surface a grey color). In this case, the scab formed a few days later and 

persisted until the third examination. In three animals with the initial stage of lesions (M1) the drug 

cured the disease completely. Based on quantitative data of the total diameter of lesions before and 

after the experiment, the therapeutic efficacy of the preparation ‘SolkaHoofgel’ was 67%. 

In Test Group 1 of dairy cows to treat interdigital space lesions Sample 1 was used with the 

following content of silver nanoparticles: 5 ml/1 L (Table 3). 
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Table 3 - Dynamics of the Pathological Process in Test Group 1 

 

 

The degree of distal limb impact by Döpfer D., (1994) 

prior to the experiment / 7 days later 

Summary indicators 

М1 М2 М3 М4 prior to the 

experiment 

7 days 

later 

± 

Number of 

animals, n 

6 3 12 1 7 2 5 1 30 7 - 23 

Affected area 

diameter, mm 

93 44 720 63 158 42 136 35 1107 184 - 923 

 

Analyzing the data of Table 3, it should be noted that the developed drug cured 23 animals 

completely; in 6 cows, the pathological changes entered less intensive stages: from M2 to M3 in 4 

cows, from M4 to M3 in 2 cows, from M1 to M3 in 1 cow. Persistence of the initial stage of the 

lesion until the end of the study (M4) was observed in 1 cow. The therapeutic efficiency of the 

sample was 83%. 

The use ‘Lipometall’ in Sample 2 provides higher indices of therapeutic effectiveness in 

comparison with Sample 1 (Table 4). 

 

Table 4 - Dynamics of the Pathological Process in Test Group 2 

 

 

The degree of distal limb impact by Döpfer D., 

(1994) prior to the experiment / 7 days later 

Summary indicators 

М1 М2 М3 М4 prior to the 

experiment 

7 days 

later 

± 

Number of 

animals, n 

10 4 14 0 4 0 2 0 30 2 - 28 

Affected area 

diameter, mm 

174 84 1080 0 163 0 62 0 1479 84 - 1395 

 

From M4 stage of interdigital space lesions 1 cow was transferred to stage M1; 1 other animal 

with M2 was transferred to M1. The remaining animals (28 heads) were cured completely. As a 

result, the efficiency of the sample was 92-96%. 

For Test Group 3, Sample 3 (Ag mass 25 ml) was used. The indices of therapeutic 

effectiveness turned out to be at the level of Sample 2 (Table 5). 

 

Table 5 - Dynamics of the Pathological Process in Test Group 3 

 

 

The degree of distal limb impact by Döpfer D., (1994) prior 

to the experiment / 7 days later 

Summary indicators 

М1 М2 М3 М4 prior to the 

experiment 

7 days 

later 

± 

Number of 

animals, n 

5 2 16 0 4 0 5 0 30 2 - 28 

Affected area 

diameter, mm 

42 51 740 0 39 0 112 0 933 51 - 882 
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As a result of applying Sample 3, 28 cows with M1, M2, M3, M4 lesions were cured. One 

animal with M4lesions was transferred to M1 stage; in one other animal with M2 lesion the intensity 

of the process decreased to M1 stage. The sample showed an efficacy of 93-95%. 

In the study of Test Group 4, Sample 4 (Ag 35 ml) was used, and lesions were also 

completely cured in more than 90% of cows (Table 6).  

 

Table 6 - Dynamics of the Pathological Process in Test Group 4 

 

 

The degree of distal limb impact by Döpfer 

D., (1994) prior to the experiment / 7 days 

later 

Summary indicators 

М1 М2 М3 М4 prior to 

the 

experiment 

7 days 

later 

± 

Number of 

animals, n 

9 2 12 0 4 0 5 0 30 2 - 28 

Affected area 

diameter, mm 

182 41 1003 0 89 0 174 0 1448 41 - 1407 

 

The therapeutic efficacy of Sample 4 also varies between 93 and 97%. 28 heads of dairy cows 

were cured completely. 

 

Graph 1 - Comparative Effectiveness of Preparation Samples and of Solka Hoofgel 
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5. Conclusion 

  

Thus, the efficacy of the drug samples in the comparative aspect of silver nanoparticles 

proportion in gel compared with ‘SolkaHoofgel’ (Chart 1) was studied for the prevention and 

treatment of Mortellaro’s disease and showed a 85-96% efficacy. As a result, Sample No. 2 (Ag 15,0 

mg) showed a maximum efficacy of 92% -96% with a minimum amount of Ag nanoparticles in the 

treatment of digital dermatitis, providing a high bactericidal effect on pathogens, manifested by 

significant therapeutic properties expressed by the appearance of granulation tissue in the affected 

areas on the fifth day and epithelization of lesions after 7 days of treatment. 

 

References 

 

Koziy, V.I. (2005). Etiology and massive papillomatous digital dermatitis in high-yielding 

cows. Veterinary medicine Ukraine, 1, 26-28. 

Koziy, V.I. (2005). Comparative efficiency of different methods of treating cows with papillomatous 

finger dermatitis. Journal of Lvov NAVM named after S.Z. Gzhytsky, 7(2), 64-70. 

Ulko, L.G. (2013). Bacterial associations of necrobacteriosis in cows (distribution, etiopathogenesis, 

prophylactics and means of treatment): PhD diss. - Kharkiv, 17-18. 

Amory, J.R., Kloosterman, P., Barker, Z.E., Wright, J.L., Blowey, R.W., & Green, L.E. (2006). Risk 

factors for reduced locomotion in dairy cattle on nineteen farms in The Netherlands. Journal of dairy 

science, 89(5), 1509-1515. 

Barker, Z.E., Amory, J.R., Wright, J.L., Mason, S.A., Blowey, R.W., & Green, L.E. (2009). Risk 

factors for increased rates of sole ulcers, white line disease, and digital dermatitis in dairy cattle from 

twenty-seven farms in England and Wales. Journal of Dairy Science, 92(5), 1971-1978. 

Berry, S.L., Read, D.H., Famula, T.R., Mongini, A., & Döpfer, D. (2012). Long-term observations on 

the dynamics of bovine digital dermatitis lesions on a California dairy after topical treatment with 

lincomycin HCl. The Veterinary Journal, 193(3), 654-658. 

Booth, C.J., Warnick, L.D., Gröhn, Y.T., Maizon, D.O., Guard, C.L., & Janssen, D. (2004). Effect of 

lameness on culling in dairy cows. Journal of dairy science, 87(12), 4115-4122. 

Cheli, R., & Mortellaro, C. (1974). La dermatite digitale del bovino. In Proceedings of the 8th 

International Conference on Diseases of Cattle, 208-213. 

Demirkan, I., Carter, S.D., Murray, R.D., Blowey, R.W., & Woodward, M.J. (1998). The frequent 

detection of a treponeme in bovine digital dermatitis by immunocytochemistry and polymerase chain 

reaction. Veterinary microbiology, 60(2-4), 285-292. 

Döpfer, D., Holzhauer, M., & Van Boven, M. (2012). The dynamics of digital dermatitis in 

populations of dairy cattle: Model-based estimates of transition rates and implications for 

control. The Veterinary Journal, 193(3), 648-653. 

Döpfer, D., Ter Huurne, A.A.H.M., Cornelisse, J.L., Van Asten, A.J.A.M., Koopmans, A., Meijer, 

F.A., & Bosma, R.B. (1997). Histological and bacteriological evaluation of digital dermatitis in 



 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 22.02.2021 – Accepted: 02.04.2021 

70 

 

 

cattle, with special reference to spirochaetes and Campylobacter faecalis. Veterinary 

Record, 140(24), 620-623. 

Elliott, M.K., & Alt, D.P. (2009). Bovine immune response to papillomatous digital dermatitis 

(PDD)-associated spirochetes is skewed in isolate reactivity and subclass elicitation. Veterinary 

immunology and immunopathology, 130(3-4), 256-261. 

Evans, N.J., Brown, J.M., Demirkan, I., Birtles, R., Hart, C.A., & Carter, S.D. (2009). In vitro 

susceptibility of bovine digital dermatitis associated spirochaetes to antimicrobial agents. Veterinary 

microbiology, 136(1-2), 115-120. 

Evans, N.J., Brown, J.M., Demirkan, I., Murray, R.D., Birtles, R.J., Hart, C.A., & Carter, S.D. 

(2009). Treponema pedis sp. nov., a spirochaete isolated from bovine digital dermatitis 

lesions. International journal of systematic and evolutionary microbiology, 59(5), 987-991. 

Fidler, A.P., Alley, M.L., & Smith, G.W. (2012). Evaluation of a Serpens species bacterin for 

treatment of digital dermatitis in dairy cattle. Research in veterinary science, 93(3), 1258-1260. 

Gomez, A., Cook, N.B., Bernardoni, N.D., Rieman, J., Dusick, A.F., Hartshorn, R., & Döpfer, D. 

(2012). An experimental infection model to induce digital dermatitis infection in cattle. Journal of 

dairy science, 95(4), 1821-1830. 

Hernandez, J., Shearer, J.K., & Elliott, J.B. (1999). Comparison of topical application of 

oxytetracycline and four nonantibiotic solutions for treatment of papillomatous digital dermatitis in 

dairy cows. Journal of the American Veterinary Medical Association, 214(5), 688-690. 

Klitgaard, K., Boye, M., Capion, N., & Jensen, T.K. (2008). Evidence of multiple Treponema 

phylotypes involved in bovine digital dermatitis as shown by 16S rRNA gene analysis and 

fluorescence in situ hybridization. Journal of Clinical Microbiology, 46(9), 3012-3020. 

Laven, R.A., & Logue, D.N. (2007). The effect of pre-calving environment on the development of 

digital dermatitis in first lactation heifers. The Veterinary Journal, 174(2), 310-315. 

Manske, T., Hultgren, J., & Bergsten, C. (2002). Topical treatment of digital dermatitis associated 

with severe heel-horn erosion in a Swedish dairy herd. Preventive veterinary medicine, 53(3),          

215-231. 

Metzner M. Dermatitis digitalis (Mortellaro's disease, strawberry disease, digital dermatitis, hairy 

footwarts) / M. Metzner // http://rinderskript.net/skripten/b1-10.html 

Onyiro, O.M., Andrews, L.J., & Brotherstone, S. (2008). Genetic parameters for digital dermatitis 

and correlations with locomotion, production, fertility traits, and longevity in Holstein-Friesian dairy 

cows. Journal of Dairy Science, 91(10), 4037-4046. 

Pavlenko, A., Bergsten, C., Ekesbo, I., Kaart, T., Aland, A., & Lidfors, L. (2011). Influence of digital 

dermatitis and sole ulcer on dairy cow behaviour and milk production. Animal, 5(8), 1259-1269.  

Toholj, B., Stevancevic, M., Kos, J., Smolec, O., Potkonjak, A., Cincovic, M., & Stevancevic, O. 

(2012). Evaluation of different therapeutic protocols in the treatment of digital dermatitis in 

cows. Veterinary Archives , 82(2), 133-142. 

Morones, J.R., Elechiguerra, J.L., Camacho, A., Holt, K., Kouri, J.B., Ramírez, J.T., & Yacaman, 

M.J. (2005). The bactericidal effect of silver nanoparticles. Nanotechnology, 16(10), 2346-2353. 

http://rinderskript.net/skripten/b1-10.html

