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Abstract 

A study was conducted in Argentina, to investigate the period of protection of a single 
injection of doramectin administered subcutaneously (SC) at 200 /xg kg -1 (1 ml/50 kg) 
compared with single treatments of ivermectin (200 /xg kg- 1 SC) and fenbendazole (5 mg kg- i 
PO), against field infections of gastrointestinal parasites of cattle. Eighty-three animals were 
selected and ranked on the basis of serial fecal egg counts (e.p.g.'s). From this group, three 
animals were slaughtered before treatment and their lungs, abomasum, small and large intestines, 
were processed for parasite counts and identification. The remaining 80 animals were allocated in 
ranked groups of four to a control or one of three treated groups. Animals of the four groups were 
grazed together in the same pasture for the duration of the study. Treatments were administered on 
Day 0. Individual fecal samples were collected at weekly intervals for the first 49 days 
post-treatment and twice a week from Day 52 to Day 84 (end of study). At each collection day 
fecal samples were pooled for coprocultures. On Day 28 and 56, two animals from each group, 
previously identified on Day 0, were killed and their parasite burdens determined. The duration of 
protection of a single injection of doramectin was longer than ivermectin or fenbendazole 
treatment. On Day 56, the total number of parasites found in doramectin-treated animals was 
significantly (P < 0.05) lower than parasite burdens found in either ivermectin- or fenbendazole- 
treated animals. The longer persistent activity of doramectin was expressed by the lower number 
of adults and L 4 stages of Ostertagia ostertagi. Data from this experiment demonstrated the 
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limitations of using fecal egg counts to evaluate the persistent efficacy of anthelmintics. The 
duration of activity of doramectin was demonstrated more accurately by parasite counts in cattle 
from each group since decreasing e.p.g.'s were seen in non-medicated animals without changes in 
total parasite burdens. © 1997 Elsevier Science B.V. 

Kevwords: Doramectin; Gastrointestinal nematodes: Persistent efficacy: Control methods: Cattle: nematoda 

1. Introduction 

The anthelmintic efficacy of doramectin (Dectomax'~; Pfizer) has been established 
against a broad range of gastrointestinal (GI) and pulmonary nematodes in the Northern 
(Jones et al., 1993) and Southern Hemispheres (Eddi et al., 1993; Moreno et al., 1995; 
Lima et al., 1995). Working with a non-commercial, micelle formulation. Goudie et al. 
(1993) observed that a single injection of doramectin protected animals against induced 
infections of Ostertagia ostertagi and Cooperia oncophora, for a period of 12 days 
post-treatment. Additional studies were conducted in the Northern Hemisphere using the 
commercial formulation of doramectin in parasite naive calves. In the first study, 
Weatherley et al. (1993) used trickle infections during 14 to 28 days and found periods 
of protection of 28 days against O. ostertagi and 14 days against C. oncophora. 
Vercruysse et al. (1993), used naturally acquired larval challenges of Ostertagia spp. 
and C. oncophora, and observed periods of protection of 19 to 22 days when calves 
were grazed on contaminated pastures at mid-season. 

Grazing patterns of cattle differ between temperate areas and the tropical and 
subtropical regions of the Southern Hemisphere. In temperate areas grazing is confined 
to periods of 6 months or shorter, whereas in tropical and subtropical zones, grazing is 
continuous throughout the year and the life of the cattle. These differences have a direct 
impact on parasite epidemiology, the development of immunity to parasites, and the 
nutritional/host/parasite balance required for optimal productivity. Under conditions of 
continuous grazing, the period of protection conferred by a single anthelmintic dose 
needs to be realistically determined, in order to design strategic programs for seasonal 
control of GI parasites. The objectives of the study reported here were twofold: first, to 
investigate the persistent efficacy of a single subcutaneous (SC) injection of doramectin 
at 200 p~g kg ~ in comparison with single treatments of ivermectin SC (Ivomec TM, 
Rahway, NJ, USA) at the same dose, and fenbendazole (Axilur TM, Hoechst, Argentina) 
at a dose rate of 5 mg kg ~ orally, against field infections of gastrointestinal parasites, 
and second, to establish the duration of protection of doramectin treatment in cattle of 
approximately 1 yr of age under conditions of continuous grazing in Argentina. 

2. Materials and methods 

2.1. Study sites and animals 

The study was conducted from August to November in Venado Tuerto, Provincia de 
Santa Fe, Argentina. Experimental animals were 83 castrated Hereford yearlings from a 
single source, weighing between 203 to 247 kg at the beginning of the experiment. 
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2.2. Treatment 

All animals that received injectable medication were treated by SC injection in the 
mid-cervical region. In doramectin- and ivermectin-treated groups, animals received 200 
/xg kg-1 of body weight (1 mg /50  kg). Fenbendazole-treated cattle received 5 mg kg- 
orally, and saline-treated animals received 1 ml SC/50  kg of body weight. 

2.3. Experimental design 

Eighty-three animals were selected from a large herd on the basis of the average of 
two fecal egg counts (e.p.g.'s) at Day - 7  and Day - 3  before treatment. On Day 0, 
three animals were selected at random, slaughtered and their lungs, abomasum, small 
and large intestines processed for parasite counts and identification. The remaining 80 
animals were identified by a numbered white ear tag and weighed. Animals were ranked 
in descending order on the basis of the average of 2 serial e.p.g, counts, The first four 
animals on the list were randomly allocated to either a control group or one of three 
treated groups. The procedure was repeated with the second four animals and thus 
successively, until all animals were allocated to the four treatments. After allocation, a 
second treatment-color-coded eartag was applied to animals of the four different groups. 

On Day 0, treatments were administered and animals of the four groups were grazed 
together on the same improved pastures, at an approximate stocking rate of six to eight 
head per hectare for the duration of the experiment (84 days). From Day 0 to Day 49 
(first 7 weeks), individual fecal samples were collected for e.p.g.'s at weekly intervals. 
From Day 52 to Day 84, fecal samples were collected twice a week, with the exception 
of Day 60, when no samples were obtained. At each collection day, pooled fecal 
samples were used for coprocultures and genus identification. On Days 28 and 56, two 
animals of each group (randomly selected on Day 0) were slaughtered and their lung and 
GI parasite burdens determined. 

2.4. Parasitological techniques 

Necropsies of cattle, collection of worms from specific gastrointestinal compartments 
including abomasal saline incubation at 37°C, aliquoting of samples and identification of 
species, were all done by standard parasitological techniques as described by Wood et 
al. (1995). Fecal egg counts were determined using the modified McMaster technique 
(MAFF, 1986). For coprocultures, feces from all animals in a treatment group were 
pooled, cultured and incubated at 28°C for 7 days before being placed on a Baermann 
apparatus. A maximum of 100 infective larvae were differentiated. 

2.5. Statistical analysis 

The percentage efficacy (PE) for each group was calculated at each necropsy day 
comparing the mean number of total GI parasites in the control group on Days 28 and 
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56, wi th  the m e a n  n u m b e r  of  total  GI  paras i tes  round  in the t reated g roups  on  Days  28 
and  56, us ing  the fo l lowing  f o r m u l a  ( W o o d  et al., 1995): 

P E =  

Mean number of total GI parasites in Control Group 
- Mean number of total GI parasites in Treated Group 

Mean number of total GI parasites in Control Group at Days 28 - 56 
× 100 

M e a n  n u m b e r  o f  total  n e m a t o d e  coun t s  by species  and  by  s tage were  ana lyzed  as 

na tura l  logs + 1 for  each  nec ropsy  day us ing  a o n e - w a y  ana lys i s  o f  va r i ance  ( A N O V A )  

( S A S  Inst i tute ,  Cary,  NC, USA) .  Fecal  egg  counts  are p re sen ted  as a r i thmet i c  means ,  

bu t  they were  also ana lyzed  at each  obs e r va t i on  day as natural  logs o f  the coun t s  + I 

us ing  a one  way A N O V A .  The  level  o f  s ign i f i cance  for  bo th  ana lyses  was set at 

P < 0.05. The  c u m u l a t i v e  s um  of  e .p .g . ' s  are p re sen ted  as the total  sum of  e.p.g, coun t s  

up to each  obse rva t ion  day  and  were  not  ana lyzed  for  stat ist ical  d i f ferences .  U p  to 100 

la rvae  were  coun t ed  and  d i f fe ren t ia ted  f rom coprocu l tu res  at each  obse rva t i on  day. 

3 .  R e s u l t s  

3.1. Feca l  egg  counts  

The  m e a n  e .p .g . ' s  are p re sen ted  in Tab le  l. For  the  f irst  21 days,  cat t le  t rea ted  wi th  

doramec t in ,  i ve rmec t in  or  f enbendazo l e ,  had  s ign i f ican t ly  ( P  < 0 .05)  lower  e .p .g . ' s  t han  

Table I 
Mean number of nematode eggs per gram (e.p.g.) of feces in fecal samples taken at weekly or bi-weekly 
intervals from untreated cattle or cattle treated with doramectin, ivermectin, or fenbendazole during an 84-day 
observation period 

Day on test Mean e.p.g. 

Negative control Doramectin lvermectin Fenbendazole 

0 d 234.5 227.5 226. I 227.5 
7 245.0 ~' II.0" 0.0b (I.0 b 
14 220.5 " 0.0 ~' 0.0 b 1.5 8 

21 142.1" 1.4" 1.4 b 4.9 b 
28 122.5" 4.2" 2.8 b 37.1' 
35 98.8" 2.3 b 3.1" 53.7 * 
42 97.T' 3.1 b 4.7" 77.0 ~ 
49 61.4 " 3. I b 2.3" 67.7 ~ 
52 37.3 ~ 0.8 h 7.8 b 37.3 :' 
56 45.9 ~' 0.0 b 3.9 bx 24.9 ax 
63 33.2 15.8 37.6 35.0 
66 22.8 23.5 43.8 42.9 
70 28.9 17.5 29.8 21.9 
73 9.6 7.0 22.8 3.5 
77 0.9 0,9 1.8 1.8 
80 2.6 0.0 0.9 0.0 
84 0.0 0.9 l).0 0.0 

a't"CAcross treatments, means with different superscripts are different (P < 0.05). 
aFecal sample taken before treatment. 
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Fig. 1. Cumulative sum of e.p.g.'s at weekly or bi-weekly intervals. 

the control  group. F r o m  Days  28 to 52, e .p .g . ' s  for  doramect in  and ive rmec t in  groups 

were  s imilar  and were  s ignif icant ly ( P  < 0.05) lower  than ei ther the controls  or  

f enbendazo le -med ica ted  animals.  F r o m  Day  63 to the end of  the study (Day 84), 

d i f ferences  in e .p .g . ' s  be tween  groups were  not  statistically different.  

The  total cumula t ive  sum of  e .p .g . ' s  for  the four  groups is presented in Fig. 1. The  

areas under  the curve  were  consis tent ly  smal ler  for doramect in-  and ivermect in- t rea ted  

groups,  than for the saline or  fenbendazole  groups throughout  the exper iment .  

3.2. Paras i t e  coun t s  

The  mean  number  o f  total GI  parasites are shown in Table  2. Mean  w o r m  burdens of  

10 200 p a r a s i t e s / a n i m a l  were  found before  treatment.  At  28 days, total parasite burdens 

Table 2 
Mean total number of gastrointestinal parasites and percent efficacy in control-group cattle (saline treatment), 
and cattle treated with doramectin, ivermectin, or fenbendazole before e, and 28 and 56 days after treatment 

Treatment Dosage Day 28 f Day 56 f 

Number of parasites % Efficacy Number of parasites % Efficacy 

Controls (Saline) 1 ml/50 kg, SC 13 250 a N.A. g 12 750 a N.A. g 
Doramectin 200/xg/kg, SC 50 a 99.6 250 b 98.0 
Ivermectin 200/xg/kg, SC 100 a 99.2 2900 c 77.3 
Fenbendazole 5 mg/kg, PC) 2200 a 83.4 5600 d 56.1 

~b'C'dAcross treatments, means with different superscripts on the same day were significantly (P < 0.05) 
different from each other. 
eOn Day 0 before treatment, the mean total number of gastrointestinal parasites for three animals from the herd 
was 10 200. 
fMean counts for 2 animals from each group. 
g N.A.: not applicable. 
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Table 3 

Mean number of gastrointestinal parasites (adults and L 4) lk~und at necropsy in saline-treated cattle, and cattle 
treated with doramectin, ivermectin or fenbendazole on Day 0 before treatment and on Day 28 and Day 56 

Parasite species/Stage Mean number of parasites 

Controls (Saline) Doramectin lvermectin Fenbendazole 

D a y 0  Day 28 Day 56 Day 28 Day 56 Day 28 Day 56 Day 28 Day 56 

Ostertagia ostertaL, i 
L~ 1367 1800 4400 ~' 50 200 50 2550 ~ 400 4000 ¢~ 

Adult 2033 2600 '~ 700" ()~ 0 l~ 0 ~ 15() ~ 6l)0 ~' 50() '~ 

HaemoJtchus placei 
L 4 0 0 100 0 0 0 0 0 0 
Adult 833 850 ~' 700 ~' 0 h 0 h 0 b 0" 450 ̀~ 150" 

Trichosttwngylu.s axei 
L ;  267 400 ~' 300 0 b 0 0 b 0 0 b 0 

Adult 2900 4000 ~ 2600 0" 50 0 h 200 50 b 5(i0 

Cooperia spp. 
['4 67 0 0 0 0 0 0 0 0 

Adult 933 1700 ;' 2(100 ~' (I h ()~ 50 bx 0 c 700 .... 450 b 

T. colubriforn, zis 
L 4 67 15(l ~' 50 0 b 0 0 b 0 0 b 0 

Adults 1733 1750 '~ 1900 ~ 0 h 0 u 0 u (I h 0 b 0 b 

~'b'CAcross treatments, on the same observation day, means with different superscripts are different ( P  < 0.05). 

had increased in saline-cattle (13 250 parasites/animal). Doramectin- and ivermectin- 
treated animals had worm burdens that were 99% lower than those in the control group. 
Parasite counts in fenbendazole-treated cattle suggested that reinfection may have 
already occurred by Day 28. Total worm counts in animals slaughtered at Day 56, 
indicated that doramectin-treated cattle had significantly (P  < 0.05) lower parasite 
burdens than either ivermectin- or fenbendazole-treated cattle. At 8 weeks after treat- 
ment, worm burdens were reduced by 98% in doramectin-treated cattle when compared 
to the controls, while reductions of 77% and 56% were found in ivermectin and 
fenbendazole groups, respectively. 

The number of gastrointestinal parasites by species and developmental stage are 
presented in Table 3. Worm burdens present before treatment were predominantly adult 
stages of  O. ostertagi (33%), Trichostrongylus axei (31%) and T. colubriformis (18%); 
Cooperia spp. (10%) and Haemonchus placei (8%) were present in smaller numbers. At 
Day 28, these proportions were similar, but on Day 56, there was an increase in the L 4 

stages of  O. ostertagi and adult forms of Cooperia spp. At Day 28, doramectin- and 
ivermectin-medicated groups had almost no parasites, whereas fenbendazole-treated 
animals had significantly ( P  < 0.05) higher populations of O. ostertagi and H. placei. 
On day 56, doramectin-treated cattle had significantly ( P  < 0.05) lower numbers of 
adult and L 4 stages of  O. ostertagi than animals treated with ivermectin or fenbendazole 
or cattle in the control group. 
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Fig. 2. Percent of parasite larvae recovered from coprocultures. 

3.3. Larval differentiation 

The nematode genera found in coprocultures of pooled fecal samples of animals of 
the four groups are presented in Fig. 2. Results from the control group indicated that the 
predominant parasite genus for the first 49 days of the experiment was Ostertagia; 
numbers were smaller (30% to 40%) from Days 52 to 70. The majority of Tri- 
chostrongylus and Haemonchus larvae were found at Days 35 and 49, respectively. 
Cooperia was minimal during the first 49 days, but was predominant from Day 52 to 
day 70. Only a few Oesophagostomum were recovered during the first 28 days. 

4, Discussion 

Results of this study indicated that the duration of protection of a single injection of 
doramectin at a dose rate of 200 /xg kg-  ~ of body weight was longer than ivermectin or 
fenbendazole at their recommended use level. At Day 56, the total number of GI 
parasites found in doramectin-treated animals was significantly ( P  < 0.05) lower than 
parasite burdens found in either ivermectin- or fenbendazole-treated cattle. The longer 
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persistent efficacy of doramectin resulted in smaller numbers of adults and L 4 stages of 
O. ostertagi recovered at Day 56. These results, obtained under field conditions of 
continuous grazing in the Southern Hemisphere, were consistent with results of experi- 
ments conducted in temperate areas of the Northern Hemisphere in which cattle were 
given induced infections (Weatherley et al., 1993) or naturally infected (Vercruysse et 
al., 1993). 

Fecal egg output of non-medicated controls, which had decreased (from Day 0 
counts) by 58% on Day 52 and by 86% on Day 63, approached zero in all four groups 
from Day 73 to the end of the study. This reduction appeared to be related to two 
factors: (a) the expected immune response against GI parasites by yearling cattle, 
especially against O. ostertagi which is characterized by reduction in fecundity of 
female worms (Michel, 1963) and (b) the arrested development of ingested O. ostertagi 
larvae in the mucosa of the abomasum. Ostertagia spp. inhibition has been previously 
described in the Humid Pampa of Argentina (Suarez, 1990; Mufioz-Cobefias et al., 1993) 
during the spring and early summer, which coincides with the time when parasite 
oviposition ceased in this study. In the control group, parasite populations were not 
being totally replaced by incoming larvae as those animals were not initially cleared of 
their existing burdens as were the treated groups. 

These data demonstrated the shortcomings of using e.p.g.'s to assess the persistent 
efficacy of anthelmintics in cattle exposed to continuous grazing conditions. In this 
experiment average e.p.g.'s on Day 56 were either zero (doramectin) or very low in 
controls (46), ivermectin (4) or fenbendazole (25) groups. At the same time however, 
mean total parasite counts, of which O. ostertagi was the predominant species, were: 
250; 12 750; 2900; and 5600 parasites/animal, for the same groups, respectively. 

In conclusion, doramectin administered at 200 /zg kg-~ by subcutaneous injection 
demonstrated a longer period of protection against reinfection with O. ostertagi, the 
most pathogenic parasite of cattle (Williams, 1986), than ivermectin or fenbendazole at 
their recommended dose rates. This persistent efficacy, which lasted nearly 2 months, 
was obtained in yearling cattle under conditions of continuous grazing and constant 
exposure to naturally acquired field infections of GI parasites in Argentina. Because all 
groups were grazed together, untreated animals or animals treated with an anthelmintic 
of limited persistent efficacy, contributed to pasture contamination during the first 60 
days of the experiment, which increased the challenge by pasture larvae to the 
ivermectin- and doramectin-treated cattle. Under field conditions of use, treatment with 
doramectin of all animals of the herd at the beginning of the parasite season or at pasture 
turnout is likely to result in longer duration of effective control. The use of a two dose 
program of doramectin given approximately at a 60-day interval has been shown to be 
an effective anthehnintic control program in Europe (Lestang et al., 1995; Vercruysse et 
al., 1995). Such a two dose program could potentially be of great assistance in 
controlling nematode parasites of cattle under continuous grazing conditions. 

Acknowledgements 

This manuscript was completed prior to the untimely death of the corresponding 
author. Some minor editorial changes have been made since his death by Dr. M.E. 
McKenzie. The authors gratefully acknowledge the technical assistance of Dr. E. Arano. 



C. Eddi et aL / Veterinary Parasitology 72 (1997) 33-41 41 

References 

Eddi, C., Bianchini, I., Honer, M.R., Muniz, R.A., Caracostantogolo, J.L., Nascimiento, Y.A., 1993. Efficacy 
of doramectin against field nematode infections of cattle in Latin America. Vet. Parasitol. 49, 39-44. 

Goudie, A.C., Evans, N.A., Gration, K.A.F., Bishop, B.F., Gibson, S.P., Holdom, K.S., Kaye, B., Wicks, S.R., 
Lewis, D., Weatherley, A.J., Bruce, C.L, Herbert, A., Seymour, D.J., 1993. Doramectin--a new potent 
endectocide. In: Vercruysse, J. (Ed.), Doramectin--A Novel Avermectin, Vet. Parasitol. 49, 5-15. 

Jones, R.M., Logan, N.B., Weatherley, A.J., Little, A.S., Smothers, C.D., 1993. Activity of doramectin against 
nematode parasites of cattle. In: Vercruysse, J. (Ed.), Doramectin--A Novel Avermectin, Vet. Parasitol. 
49, 27-37. 

Lestang, J.P., Gossellin, J., Herout, C., 1995. The efficacy of two doramectin strategic programs in the control 
of gastrointestinal strongylosis in grazing calves--results of four field trials in France. Rev. Med Vet. 146, 
93-102. 

Lima, J.D., Muniz, R.A., Lima, W.S., Goncalves, L.C.B., Silva, A.C., Guimarraes, A.M., 1995. Efficacy of 
doramectin against gastrointestinal and pulmonary nematodes of cattle from the State of Minas Gerais, 
Brazil. Braz. J. Vet. Parasitol. 4, 49-52. 

Michel, J.F., 1963. The phenomena of host resistance and the course of infection of Ostertagia ostertagi in 
calves. Parasitology 53, 63-84. 

Ministry of Agriculture, Fisheries and Food (MAFF), 1986. Manual of Veterinary Parasitological Techniques, 
3rd edn., HMSO, London, 160 pp. 

Moreno, L.G., Rew, R.S., Muniz, R.A., Moreno, J., 1995. Efficacy of doramectin against Mecistocirrus 
digitatus and other abomasal parasites of cattle in Venezuela. Proc. 15th Int. Conf. WAAVP, Aug. 
30-Sep. 2, Yokohama, Japan, p. 72. 

Mufioz-Cobe~as, M., Eddi, C., Caracostantogolo, J., Nolazco, J., Gross, S., Guerro, J., Maslotena, A., 1993. 
Study of the epidemiology and control of Ostertagiasis in the Northern Humid pampa of Argentina. Proc. 
14th Int. Conf. WAAVP, Aug. 8-13, Cambridge, UK, p. 223. 

Suarez, V.H., 1990. Inhibitions patterns and seasonal availability of nematodes for beef cattle grazing on 
Argentina Western Pampas. Int. J. Parasitol. 20, 1031-1036. 

Vercruysse, J., Dorny, P., Hong, C., Harris, T.J., Hammet, N.C., Smith, D.G., Weatherley, A.J., 1993. 
Efficacy of doramectin in the prevention of gastrointestinal nematode infections in grazing cattle. In: 
Vercruysse, J. (Ed.), Doramectin--A Novel Avermectin, Vet. Parasitol. 49, 51-59. 

Vercruysse, J., Hilderson, H., Claerebout, E., Roelants, B., 1995. Control of gastrointestinal nematodes in first 
season grazing calves by two strategic treatments with doramectin. Vet. Parasitol. 58, 27-34. 

Weatherley, A.J., Hong, C., Harris, T.J., Smith, D.G., Hammet, N.C., Persistent efficacy of doramectin against 
experimental nematode infections in calves. In: Vercruysse, J. (Ed.), Doramectin--A Novel Avermectin, 
Vet. Parasitol. 49, 45-50. 

Williams, J.C., 1986. Epidemiologic patterns of nematodiasis in cattle. Vet. Clin. North Am. 2, 235-246. 
Wood, I.B., Amaral, N.K., Bairden, K., Duncan, J.L., Kassai, T., Malone, J.B., Pankavich, J.A., Reinecke, 

R.K., Slocombe, O., Taylor, S.M., Vercruysse, J., 1995. World Association for the Advancement of 
Veterinary Parasitology (W.A.A.V.P.), second edition of guidelines for evaluating the efficacy of an- 
thelmintics in ruminants (bovine, ovine, caprine). Vet. Parasitol. 58, 181-213. 


